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Abstract 

This paper reexamines the foundations of business cycle theory by proposing that macroeconomic 

instability arises endogenously from the structural organization of production, distribution, and finance 

rather than from exogenous shocks or nominal frictions. It introduces the Distribution–Leverage Cycle 

(DLC), a framework in which cyclical dynamics emerge from the interaction between surplus 

distribution and leverage accumulation. 

The analysis identifies the distribution gap, defined as the divergence between productive capacity and 

effective demand, as a central mechanism driving instability. This gap emerges when surplus is 

concentrated among claimants with relatively low propensities to consume, including financial, 

entrepreneurial, and knowledge-based capital, particularly in the context of artificial intelligence. 

Credit expansion acts as a compensatory mechanism that sustains demand in the short run while 

increasing leverage and financial fragility over time. 

To provide a micro-foundation for surplus allocation, the paper builds on the concept of Socially 

Necessary Participation (SNP), defined as the institutional recognition of participation in value 

creation as the basis for claims on surplus. In this framework, macroeconomic instability reflects both 

demand imbalances and a structural decoupling between participation and entitlement to income. 

When participation is displaced, especially through technological change, credit substitutes for income 

and reinforces cyclical dynamics. 

Financial crises can be interpreted as the endogenous outcome of economies that rely on leverage to 

offset persistent distributional asymmetries. Building on Ethosism, a normative institutional 

framework, the paper extends this approach to examine how alignment between participation and 

surplus allocation can be restored through mechanisms such as profit-sharing, broadened ownership, 

and incentive-compatible distributive structures. 
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By integrating distribution, leverage, and participation, the DLC framework moves beyond 

equilibrium-centered macroeconomic models and characterizes business cycles as structural and 

endogenous features of modern economies. 

Keywords: Business cycles; Distribution–Leverage Cycle (DLC); Socially Necessary Participation 

(SNP); Surplus distribution; Leverage dynamics; Artificial intelligence and capital; Endogenous 

instability; Financial fragility; Macroeconomic structuralism; Political economy 

1. Introduction  

The study of business cycles has long occupied a central place in economic theory. Early classical 

political economists such as Sismondi and Marx identified imbalances between production and 

distribution as sources of cyclical crises, while later contributions by Keynes and Schumpeter 

emphasized the roles of effective demand, innovation, and credit in shaping macroeconomic 

fluctuations (Keynes, 1936; Schumpeter, 1939). In the modern era, advances in econometric modeling, 

rational expectations, and dynamic stochastic general equilibrium frameworks have refined the formal 

analysis of cycles. Recurrent crises continue to emerge in forms that conventional models often 

struggle to anticipate or explain (Stiglitz, 2010; Grimm et al., 2023).  

Most contemporary approaches interpret fluctuations as deviations from equilibrium generated by 

exogenous shocks or institutional frictions. Real Business Cycle models emphasize productivity 

disturbances (Lucas, 1975), while New Keynesian frameworks focus on nominal rigidities and 

monetary transmission (Bernanke, 2005; Summers, 2014). These approaches differ in mechanisms but 

share a structure in which instability is treated as a temporary departure from a stable equilibrium.  

This paper develops a complementary perspective. It proposes that macroeconomic instability can arise 

endogenously from the structural relationship between production, distribution, and finance. It 

introduces the Distribution–Leverage Cycle (DLC), a framework in which cyclical dynamics emerge 

from the interaction between surplus distribution and leverage accumulation.  

At the core of this framework is the concept of the distribution gap, defined as the divergence between 

productive capacity and effective demand. This gap emerges when surplus is concentrated among 

claimants with relatively low propensities to consume, including financial, entrepreneurial, and 

knowledge-based capital. Under these conditions, aggregate demand weakens unless supported by 

compensatory mechanisms. Credit expansion sustains consumption and investment in the short run 

while increasing leverage and financial fragility over time (Jordà et al., 2016; Grimm et al., 2023).  

To provide a micro-foundation for these distributive dynamics, the analysis builds on the concept of 

Socially Necessary Participation (SNP) (Sekimonyo & Casimir, 2025), defined as the institutional 



 

  

recognition of participation in value creation as the basis for claims on surplus. Within this perspective, 

income distribution reflects both productive activity and the extent to which participation is recognized 

and compensated within the economic system. When participation becomes decoupled from surplus 

allocation, particularly in the context of technological change and artificial intelligence, a structural 

misalignment emerges between production and income distribution (Acemoglu, 2024; Huang et al., 

2024).  

In this framework, macroeconomic instability reflects both demand imbalances and a structural 

decoupling between participation and entitlement to income. When participation is displaced or 

insufficiently recognized, income flows weaken even as productive capacity expands. Credit 

substitutes for income, generating a leverage-dependent growth path that becomes increasingly fragile 

as debt-service burdens accumulate.  

This perspective differs from canonical models in several respects. It does not rely on exogenous 

shocks as the primary drivers of fluctuations and treats cyclical dynamics as endogenous to the 

structure of surplus allocation. It does not assume complete intertemporal smoothing of consumption 

or full anticipation of future conditions. Borrowing behavior is interpreted as a structural response to 

insufficient income relative to desired expenditure. The analysis shifts attention from nominal rigidities 

to distributive asymmetries as a source of macroeconomic instability.  

The framework engages with contemporary developments in artificial intelligence and intangible 

capital. Recent research indicates that AI-intensive production is associated with rising capital shares 

and weaker transmission of productivity gains to labor income (Acemoglu, 2024; Huang et al., 2024; 

Haskel & Westlake, 2018). These dynamics contribute to the distribution gap and increase reliance on 

credit-financed demand, reinforcing financial vulnerability.  

Within this context, the paper builds on Ethosism, a normative and institutional framework 

(Sekimonyo, 2020), extending it within the model. Ethosism is defined as an incentive-compatible 

system that aligns participation in value creation with claims on surplus through mechanisms such as 

profit-sharing, broadened ownership, and participatory governance structures. It is conceptualized as 

an embedded feature of the production system that supports aggregate demand through income 

formation and reduces reliance on credit-dependent demand. 

The contribution of this paper is threefold. First, it develops a structural theory of business cycles 

centered on the interaction between distribution and leverage. Second, it introduces Socially Necessary 

Participation as a micro-foundational concept linking participation, income distribution, and aggregate 

demand. Third, it proposes an institutional framework through which distributive alignment may 

support macroeconomic stability.  



 

  

The remainder of the paper proceeds as follows. Section 2 situates the argument within the literature 

on business cycles, distribution, and financial instability. Section 3 presents the formal model. Section 

4 provides empirical evidence. Section 5 discusses policy implications, and Section 6 concludes. 

2. Literature and Theoretical Synthesis 

2.1 Classical and Heterodox Foundations 

Explanations of business cycles have evolved across successive schools of economic thought, each 

grounded in distinct assumptions about the origins of instability. Early classical political economists 

such as Sismondi (1819/1991) identified imbalances between production and distribution as a source 

of cyclical crises, anticipating later analyses of underconsumption. Juglar (1862/1889) provided one 

of the first systematic accounts of recurrent fluctuations through investment and credit cycles. Marx 

(1867/1976) extended this perspective by locating instability in the internal dynamics of capital 

accumulation, particularly the tension between surplus extraction and purchasing power. Keynes 

(1936) formalized the role of effective demand, while Schumpeter (1939) emphasized innovation and 

credit as endogenous drivers of cyclical expansion and contraction.  

A related strand of heterodox macroeconomic thought focuses on the interaction between distribution 

and finance. Kalecki (1939) demonstrated that differences in consumption propensities across income 

groups shape aggregate demand. Minsky (1986) showed that periods of expansion generate rising 

leverage and financial fragility, leading to cyclical reversals. These contributions establish a 

foundation in which instability emerges from structural relationships within the economy.  

2.2 The Canonical Paradigm of Business Cycles 

The modern canon of business cycle theory has refined the analysis of fluctuations through formal 

modeling and empirical techniques. Contributions associated with rational expectations, dynamic 

stochastic general equilibrium models, and econometric methods emphasize the roles of productivity 

shocks, expectations, and nominal rigidities (Lucas, 1975; Kydland & Prescott, 1982; Sims, 1980). 

Within this framework, fluctuations are generally interpreted as deviations from equilibrium driven by 

exogenous disturbances or institutional frictions.  

Subsequent developments in New Keynesian economics incorporate nominal rigidities and monetary 

policy transmission, allowing short-run deviations from equilibrium while preserving a long-run 

tendency toward stability (Bernanke, 2005; Summers, 2014). These approaches differ in mechanisms 

but share an analytical structure in which instability is treated as temporary and externally induced. 



 

  

2.3 Distribution, Leverage, and Macroeconomic Instability 

Recent critiques highlight limitations in canonical approaches when applied to economies 

characterized by persistent inequality, financial complexity, and macro-financial feedbacks (Storm, 

2024; Levine et al., 2025). Empirical research increasingly documents the interaction between credit 

expansion, leverage, and macroeconomic volatility. Credit booms are shown to precede financial 

crises, with leverage acting as a central amplification mechanism (Jordà et al., 2016; Grimm et al., 

2023; Zhou et al., 2024). 

At the same time, developments in the economics of inequality provide insight into the demand 

channel. Empirical studies show that marginal propensities to consume decline with income and wealth 

concentration (Dynan et al., 2004; Jappelli & Pistaferri, 2014). When a larger share of income accrues 

to capital-owning groups, aggregate demand weakens due to lower consumption out of high-income 

households. Credit expansion can sustain consumption in the short run, but its effectiveness declines 

as leverage increases and debt-service burdens rise, constraining household spending and increasing 

financial fragility over time (Mian & Sufi, 2014; Juselius & Drehmann, 2020).  

2.4 Technological Change and AI Capital 

Technological change introduces an additional structural dimension to these dynamics. The increasing 

importance of intangible assets and artificial intelligence capital has altered the relationship between 

productivity and income distribution. Research indicates that AI-intensive sectors are associated with 

rising capital shares and weaker transmission of productivity gains to labor income (Acemoglu, 2024; 

Huang et al., 2024; Liu, 2025). 

The scalability and low marginal cost of these forms of capital contribute to the concentration of returns 

among a relatively narrow set of economic actors. This concentration widens the divergence between 

production capacity and effective demand, reinforcing structural imbalances in the economy, 

consistent with evidence on the rise of superstar firms and the declining labor share (Autor et al., 2020; 

Haskel & Westlake, 2018). 

2.5 Socially Necessary Participation as a Micro-Foundation 

The framework developed in this paper extends existing distributional approaches by building on 

Socially Necessary Participation (SNP) as a micro-foundational concept (Sekimonyo & Casimir, 

2025). SNP is defined as the institutional recognition of participation in value creation as the basis for 

claims on surplus. This approach builds on work that conceptualizes value as a function of both the 

means of production and the institutional structure of participation, emphasizing the roles of access, 

coordination, and inclusion in shaping economic outcomes (Polanyi, 1944; Ellerman, 1992). 



 

  

Within this perspective, income distribution reflects both productive contributions and the structure of 

participation. When participation is displaced or insufficiently recognized, income flows weaken 

relative to productive capacity, contributing to the distribution gap and increasing reliance on credit as 

a mechanism to sustain aggregate demand (Kumhof & Rancière, 2015; Mian & Sufi, 2014). 

This formulation provides a structural interpretation of consumption and borrowing behavior. 

Borrowing is understood as a response to the gap between income and desired expenditure, consistent 

with evidence that credit expansion compensates for income shortfalls in highly leveraged economies 

(Mian & Sufi, 2014; Kumhof & Rancière, 2015). In this context, credit expansion operates as a 

mechanism that temporarily bridges the divergence between production and participation while 

increasing balance-sheet fragility over time. 

2.6 Synthesis: Toward the Distribution–Leverage Cycle 

The preceding strands of literature provide the foundation for the Distribution–Leverage Cycle. 

Business cycles can be interpreted as patterned outcomes of the interaction between surplus 

distribution, participation, and leverage dynamics. When income becomes concentrated among 

claimants with relatively low propensities to consume, demand shortfalls emerge (Dynan et al., 2004; 

Jappelli & Pistaferri, 2014). Credit expansion supports output in the short run, but increases financial 

fragility as leverage accumulates and debt-service burdens rise over time (Jordà et al., 2016; Mian & 

Sufi, 2014; Kumhof & Rancière, 2015). 

This framework integrates heterogeneous consumption propensities, credit dynamics, and 

technological change into a unified explanation of endogenous macroeconomic instability. It situates 

cyclical fluctuations within the structure of surplus allocation rather than treating them as deviations 

from equilibrium. 

Ethosism, a normative extension of this framework (Sekimonyo, 2020), links surplus allocation to 

participation in productive activity. By aligning income flows with participation, it provides an 

institutional mechanism through which the distribution gap can be reduced and reliance on credit as a 

stabilizing force moderated. 

3. Conceptual Framework 

The novelty of the model lies in integrating heterogeneous surplus claimants, namely human capital, 

entrepreneurial capital, financial capital, and knowledge or artificial intelligence capital, with leverage 

dynamics to explain how distributional asymmetries generate endogenous business cycles. The 

surplus-centered model formalizes the interaction between production, distribution, and finance within 

a unified framework in which cyclical dynamics emerge without requiring external shocks. While 



 

  

many mainstream business-cycle models rely on stochastic disturbances or expectation revisions, this 

approach shows how instability can arise from structural imbalances in the allocation of surplus, 

consistent with earlier traditions emphasizing endogenous fluctuations (Goodwin, 1967; Kaldor, 1940; 

Minsky, 1986). 

The Distribution–Leverage Cycle (DLC) provides a structural framework in which macroeconomic 

instability emerges from the interaction between surplus distribution, participation, and leverage 

dynamics. The model formalizes how imbalances in surplus allocation affect aggregate demand and 

generate endogenous cyclical fluctuations without requiring exogenous shocks. 

Within this framework, cyclical dynamics arise from the interaction among output (Yₜ), the distribution 

gap (gₜ), and leverage (λₜ). Credit expansion supports demand in the short run but reinforces the 

structural conditions that generate further reliance on leverage over time, a pattern documented in 

empirical studies of credit cycles and financial crises (Jordà et al., 2016; Mian & Sufi, 2014; Kumhof 

& Rancière, 2015).  

3.1 Structural Contradictions and the Participation Gap 

Modern economies exhibit several structural tensions that contribute to recurrent cycles. 

First, technological progress expands productive capacity faster than purchasing power, creating 

persistent tendencies toward excess supply, a pattern emphasized in analyses of demand-constrained 

growth and structural imbalance (Keynes, 1936; Kaldor, 1940). 

Second, the distribution of surplus does not translate proportionately into consumption. When income 

becomes concentrated among agents with relatively low propensities to consume, aggregate demand 

weakens due to lower consumption out of high-income groups, and economic activity becomes 

increasingly dependent on credit expansion (Dynan et al., 2004; Jappelli & Pistaferri, 2014; Mian & 

Sufi, 2014). 

Third, innovation-driven and credit-intensive sectors expand under conditions in which continued 

growth depends on access to financing. These sectors support expansion while increasing financial 

interconnectedness and fragility, consistent with evidence linking credit booms to heightened systemic 

risk (Jordà et al., 2016; Minsky, 1986). 

Fourth, the rise of knowledge and artificial intelligence capital alters the structure of participation. 

These forms of capital are characterized by high scalability and low marginal costs, contributing to 

rising capital shares and weaker transmission of productivity gains to labor income, consistent with 

evidence on superstar firms and intangible capital (Autor et al., 2020; Haskel & Westlake, 2018). 

To formalize these dynamics, the model builds on Socially Necessary Participation (SNP) as a 

structural concept governing the relationship between participation and income formation (Sekimonyo 



 

  

& Casimir, 2025). SNP refers to the institutional recognition of participation in value creation as a 

condition for claims on surplus. When participation is insufficiently recognized, income flows weaken 

relative to productive capacity. This divergence defines the participation gap, which underlies the 

distribution gap in the model. 

3.2 The Ethosism Principle 

Ethosism is presented as an institutional framework that aligns participation in value creation with 

claims on surplus (Sekimonyo, 2020). It operates as an incentive-compatible mechanism embedded 

within production, linking distributive shares to participation, consistent with institutional approaches 

that emphasize the role of economic organization in shaping income distribution (Polanyi, 1944; 

Ellerman, 1992). 

The framework distinguishes four claimants to surplus: human participation, entrepreneurial capital, 

financial capital, and knowledge or artificial intelligence capital. Macroeconomic stability depends on 

maintaining a balance among these claimants. When distributive alignment weakens, income flows 

become insufficient relative to productive capacity, and credit expansion compensates for the resulting 

demand shortfall, consistent with evidence linking inequality to leverage accumulation (Kumhof & 

Rancière, 2015; Mian & Sufi, 2014). 

When participation and surplus allocation are aligned, income formation supports demand directly and 

reduces reliance on leverage as a stabilizing mechanism, reinforcing a more sustainable 

macroeconomic equilibrium.  

3.3 Formal Model 

3.3.1 Production and Distribution 

Aggregate output is defined as: 

𝑌𝑡 =  𝐴̄𝑡 ×  𝛷(𝐸𝑡) 𝐾𝑡
𝛼 𝑃𝑡

1−𝛼 

where 𝐴̄𝑡 represents baseline productivity, 𝛷(𝐸𝑡) captures the contribution of entrepreneurial capital, 

𝐾𝑡 denotes physical and financial capital, and 𝑃𝑡 represents Socially Necessary Participation. The 

parameter α lies between 0 and 1. 

This formulation treats participation as a structural input to production. Participation is not assumed to 

be fully substitutable by capital. When participation declines relative to output, income formation 

becomes constrained even when productivity remains high. 

Aggregate consumption is defined as: 

𝐶𝑡 =  (𝑚𝐻𝜔𝑡
𝐻 + 𝑚𝐸𝜔𝑡

𝐸 +  𝑚𝐹𝜔𝑡
𝐹 + 𝑚𝐾𝜔𝑡

𝐾) 𝑌𝑡  =  𝑚̄𝑡  𝑌𝑡 



 

  

 

where 𝜔𝑡
𝑖  represents the share of surplus accruing to each claimant and 𝑚𝑖 denotes the corresponding 

marginal propensity to consume. 

The distribution gap is defined as: 

𝑔𝑡 =  1 −  𝑚̄𝑡 

This gap captures the share of output that does not translate into effective demand. 

3.3.2 Debt Dynamics and Leverage 

The stock of debt evolves according to: 

𝐵𝑡+1 =  (1 +  𝑖𝑡). 𝐵𝑡 +  𝛥𝑡 

where 𝐵𝑡 is total debt, 𝑖𝑡 is the interest rate, and 𝛥𝑡 is new borrowing. 

New credit is determined by: 

𝛥𝑡 =  𝛾 𝑔𝑡 𝑌𝑡 −  𝜒  1(𝐷𝑆𝑅𝑡 >  𝜅̄𝑡) 

where γ represents the responsiveness of credit to the distribution gap and 𝜅̄𝑡 denotes a prudential 

threshold for the debt-service ratio. 

Leverage is defined as: 

𝜆𝑡 = 𝐵𝑡 / 𝑌𝑡 

Interpretation 

An increase in 𝜆𝑡reflects a growing reliance on debt-financed demand relative to output. As leverage 

accumulates, rising debt-service burdens constrain further borrowing, generating nonlinear dynamics 

and increasing the system’s sensitivity to financial conditions. Because 𝐵𝑡is a stock variable and 𝑌𝑡 is 

a flow variable, sustained increases in 𝜆𝑡 indicate that debt is growing faster than the economy’s 

capacity to generate income. 

The interaction between surplus distribution, credit expansion, and leverage accumulation generates a 

self-reinforcing cyclical process. Distributional imbalances increase reliance on credit, which raises 

leverage and financial fragility, eventually constraining demand and triggering contraction. This 

dynamic mechanism is illustrated in Figure 1. 

Figure 1. The Distribution–Leverage Cycle as an endogenous mechanism linking surplus 

distribution, credit expansion, and macroeconomic instability. 



 

  

 

 

3.3.3 Goods-Market Equilibrium 

Output satisfies: 

𝑌𝑡 =  𝐶𝑡 + 𝐼𝑡 +  𝐺𝑡 

Substituting consumption: 

𝑌𝑡 =  𝑚̄𝑡. 𝑌𝑡 +  𝐼𝑡 +  𝐺𝑡 

Solving for output: 

𝑌𝑡 =  (𝐼𝑡 +  𝐺𝑡) / (1 −  𝑚̄𝑡) 

When the aggregate propensity to consume declines, maintaining output requires larger injections of 

investment or government spending. In the absence of such adjustments, the model implies increased 

reliance on credit expansion. 



 

  

3.4 Core Propositions 

The model generates three central propositions. 

First, when income shifts toward claimants with low propensities to consume, the aggregate propensity 

to consume declines and the distribution gap widens, consistent with evidence on heterogeneous 

consumption behavior (Dynan et al., 2004; Jappelli & Pistaferri, 2014). Maintaining output requires 

increased credit expansion, raising leverage and financial fragility (Kumhof & Rancière, 2015; Mian 

& Sufi, 2014). 

Second, once leverage surpasses prudential thresholds, small changes in financial conditions can 

trigger contractions. Credit-driven expansion transitions into downturns as debt-service burdens 

constrain consumption and investment, consistent with macro-financial evidence on leverage cycles 

and crisis dynamics (Jordà et al., 2016; Juselius & Drehmann, 2020). 

Third, the expansion of artificial intelligence capital increases productivity without a proportional 

increase in demand. This dynamic widens the distribution gap and reinforces reliance on credit 

expansion, consistent with evidence on rising capital shares and the uneven distribution of productivity 

gains (Acemoglu, 2024; Autor et al., 2020). 

3.5 Dynamic Implications 

The interaction among output, distribution, participation, and leverage generates a nonlinear dynamic 

system. The nonlinear structure of the system follows standard formulations in dynamic 

macroeconomic analysis (Gandolfo, 2009). When credit responsiveness remains moderate, 

fluctuations dampen. As responsiveness increases, feedback effects strengthen and cyclical oscillations 

persist. At sufficiently high levels, the system produces self-sustaining cycles without external shocks, 

consistent with models of endogenous business cycles driven by internal nonlinear interactions 

(Goodwin, 1967; Beaudry et al., 2020; Benhabib & Farmer, 1994). 

3.6 Interpretation and Policy Link 

The model interprets macroeconomic instability as a structural outcome of the relationship between 

production, distribution, and participation. Credit can support demand temporarily when distributional 

imbalances arise, but increasing reliance on leverage raises financial fragility over time (Minsky, 1986; 

Mian & Sufi, 2014). Sustained stability depends on institutional arrangements that align participation 

with income formation. 

Ethosism provides a framework for such alignment by linking surplus distribution to participation in 

productive activity. In doing so, it supports aggregate demand through income formation and reduces 

reliance on credit as a stabilizing mechanism, consistent with institutional approaches that emphasize 



 

  

the role of economic organization in shaping distribution and macroeconomic stability (Polanyi, 1944; 

Ellerman, 1992). 

4. Empirical Evidence and Simulation Results 

This section evaluates the empirical relevance of the Distribution–Leverage Cycle (DLC) by 

examining the relationship between distributional imbalance (gₜ), leverage (λₜ), and output dynamics 

across a panel of economies. The objective is to assess whether variation in distribution and credit 

conditions is associated with the short-run and medium-run patterns predicted by the model, consistent 

with empirical approaches that link credit dynamics to macroeconomic fluctuations (Jordà et al., 2016; 

Schularick & Taylor, 2012).  

4.1 Data and Identification 

The empirical analysis uses a panel of 74 economies over the period 2010 to 2023. Table 1 summarizes 

the key variables and data sources. 

Table 1. Variables and Data Sources 

Variable Definition Source 

Real GDP Growth (%) Annual change in real GDP per capita IMF WEO 

Distribution Gap (gₜ) 1 − (Household Consumption / GDP) World Bank WDI 

Credit (% of GDP) Domestic credit to private sector IMF IFS 

Leverage (λₜ) Total debt to GDP BIS; IMF 

Debt Service Ratio (%) Debt payments relative to income BIS 

Intangible Capital Share Share of intangible capital in total investment OECD 

Investment (% of GDP) Gross capital formation World Bank WDI 

Government Spending (% of GDP) Government consumption IMF WEO 

Note. Annual data for 74 economies, 2010–2023. Variables are expressed as shares or growth rates. 

Missing values are handled conservatively. 

Descriptive statistics are reported in Table 2. 



 

  

Table 2. Summary Statistics (2010–2023) 

Variable N Mean Std. Dev. Min Max 

Real GDP Growth (%) 1035 2.43 2.11 -7.80 10.60 

Distribution Gap (gₜ) 1035 0.40 0.09 0.19 0.62 

Credit (% of GDP) 1038 82.5 47.9 9.1 274.6 

Leverage (λₜ) 990 1.25 0.68 0.30 3.10 

Debt Service Ratio (%) 812 15.3 7.4 4.3 41.2 

Intangible Capital Share 486 0.64 0.22 0.18 1.08 

Note. N varies across variables due to data availability. Intangible capital coverage is limited to a 

subset of countries. 

The distribution gap (gₜ) is proxied by one minus household consumption as a share of GDP. This 

measure captures the share of output not immediately translated into consumption demand and, in 

open-economy settings, reflects the combined effect of savings and net external balances. Alternative 

specifications using the inverse labor share yield similar results, consistent with evidence on 

distribution and consumption behavior (Dynan et al., 2004; Jappelli & Pistaferri, 2014). 

Credit conditions are measured using domestic credit to the private sector as a share of GDP. Leverage 

(λₜ) is defined as total debt relative to output, consistent with macro-financial measures used in the 

literature (Schularick & Taylor, 2012). Debt-service burdens are incorporated where available using 

standard macro-financial datasets (Juselius & Drehmann, 2020). 

To identify dynamic effects, the analysis employs an instrumental variable local projection framework 

following Jordà (2005) and subsequent extensions to instrumental settings (Ramey, 2016; Stock & 

Watson, 2018). Credit growth is instrumented using lagged policy rates and external liquidity 

conditions, consistent with established identification strategies (Romer & Romer, 2004; Gertler & 

Karadi, 2015). Instrument validity is assessed using standard over-identification tests (Hansen, 1982). 

4.2 Empirical Findings 

Three main findings emerge. 

First, credit shocks have a positive effect on output in the short run but a negative effect over medium 

horizons. Output growth increases within one to two years following a credit expansion and declines 



 

  

at horizons of approximately three to five years. This pattern is consistent with evidence that credit 

booms support demand initially but are followed by weaker performance as debt burdens accumulate 

(Jordà et al., 2016; Mian & Sufi, 2014). 

Second, increases in the distribution gap are associated with weaker subsequent growth. When a larger 

share of output is not translated into consumption demand, growth becomes more dependent on credit 

expansion. This is consistent with evidence that higher-income groups exhibit lower marginal 

propensities to consume, reducing aggregate demand when income is concentrated (Dynan et al., 2004; 

Jappelli & Pistaferri, 2014). 

Third, the interaction between distribution and leverage is associated with stronger negative outcomes. 

The effect of the distribution gap on growth is more pronounced when leverage is elevated, consistent 

with the interpretation that credit amplifies existing structural imbalances rather than offsetting them. 

This result is consistent with evidence linking inequality, leverage accumulation, and crisis dynamics 

(Kumhof & Rancière, 2015; Juselius & Drehmann, 2020). 

These findings are consistent with the view that credit can temporarily support demand in the presence 

of distributional imbalances, but its effectiveness declines as leverage increases. The relationship 

between credit and output is therefore nonlinear, with diminishing and eventually negative effects at 

higher levels of indebtedness. 

Recent data further illustrate these dynamics. As of Q4 2025, the United States household debt service 

ratio reached approximately 11.3 percent of disposable income, indicating that a growing share of 

income is devoted to debt repayment and constraining consumption capacity (Board of Governors of 

the Federal Reserve System, 2025; Bank for International Settlements, 2023). The upward trend from 

2023 levels suggests that an increasing portion of income is allocated to servicing debt, limiting the 

capacity for consumption relative to income and suggesting a reduction in the effectiveness of credit 

expansion as a driver of aggregate demand (Mian & Sufi, 2014; Juselius & Drehmann, 2020). 

4.3 Structural Composition of Capital 

A complementary analysis examines how changes in capital composition relate to distribution and 

demand. 

Higher shares of intangible capital are associated with differences in income distribution and 

consumption patterns. Economies with greater intangible intensity tend to exhibit lower consumption 

shares and greater reliance on credit-financed demand, consistent with evidence on the role of 

intangible assets and the changing structure of capital (Haskel & Westlake, 2018; Corrado et al., 2022). 

This pattern reflects a decoupling between production and income formation, where increases in output 

do not translate proportionately into consumption demand. As a result, the distribution gap widens and 



 

  

reliance on credit increases, consistent with evidence linking technological change to rising capital 

shares and weaker labor income transmission (Autor et al., 2020; Acemoglu, 2024). 

4.4 Simulation of Nonlinear Dynamics 

To connect the empirical findings to the theoretical framework, simulations examine how the 

interaction between distribution and credit responsiveness shapes macroeconomic dynamics. 

When credit responsiveness is moderate, the system converges toward a steady state following 

disturbances. As responsiveness increases, feedback effects strengthen and oscillations persist for 

longer periods. Beyond a critical threshold, the system no longer returns to equilibrium and instead 

converges to a stable limit cycle. 

This transition corresponds to a supercritical Hopf bifurcation, in which local stability gives way to 

persistent cyclical dynamics, consistent with standard results in nonlinear dynamic systems (Strogatz, 

2018; Gandolfo, 2009). In this regime, credit expansion supports demand in the short run while 

contributing to conditions that lead to subsequent contraction, reflecting the endogenous cycle 

mechanisms emphasized in macroeconomic models of distribution and financial instability (Goodwin, 

1967; Minsky, 1986; Beaudry et al., 2020). 

4.5 Synthesis of Empirical Mechanisms 

The empirical relationships identified in this section can be summarized as follows: 

Table 3. Distribution–Leverage Mechanism and Empirical Evidence 

Dimension 
Standard 

Interpretation 
DLC Interpretation Empirical Pattern 

Source of Demand 

Weakness 

Temporary 

fluctuation 

Persistent distribution 

gap (𝑔𝑡) 

Higher 𝑔𝑡 associated with 

weaker growth 

Role of Credit 
Consumption 

smoothing 

Temporary support for 

demand 

Positive short-run, negative 

medium-run effects 

Leverage (𝜆𝑡) Financial indicator 
Amplifier of macro 

dynamics 

Higher 𝜆𝑡 linked to weaker 

outcomes 

Debt-Service Burden Secondary factor 
Constraint on 

borrowing capacity 

Stronger effects at higher 

leverage 



 

  

Dimension 
Standard 

Interpretation 
DLC Interpretation Empirical Pattern 

Capital Composition Productivity factor 
Influences income 

distribution 

Higher intangible share linked 

to lower consumption 

Cycle Dynamics Mean reversion Endogenous oscillation Simulated persistent cycles 

 

4.6 Interpretation 

The combined evidence indicates that credit expansion can support demand in the short run but 

becomes less effective as leverage accumulates. As repayment obligations increase, borrowing 

capacity becomes constrained, limiting the ability of credit to sustain growth, consistent with evidence 

on debt-service burdens and macro-financial constraints (Mian & Sufi, 2014; Juselius & Drehmann, 

2020). 

These dynamics are consistent with a framework in which macroeconomic fluctuations reflect the 

interaction between distribution, leverage, and income formation. Credit shifts demand over time but 

does not eliminate underlying imbalances, a pattern emphasized in analyses of financial instability and 

endogenous cycles (Minsky, 1986; Jordà et al., 2016). 

4.7 Summary 

The empirical analysis supports three central implications. Distributional imbalances are associated 

with weaker medium-run growth, consistent with evidence on heterogeneous consumption behavior 

and aggregate demand (Dynan et al., 2004; Jappelli & Pistaferri, 2014). Credit expansion initially 

supports demand but contributes to financial constraints over time, reflecting the nonlinear effects of 

leverage on macroeconomic outcomes (Jordà et al., 2016; Mian & Sufi, 2014). Changes in capital 

composition reinforce these dynamics by affecting the relationship between production and 

consumption, consistent with evidence on intangible capital and distributional change (Haskel & 

Westlake, 2018; Autor et al., 2020). 

These findings are consistent with an interpretation of business cycles as outcomes of structural 

interactions between distribution, leverage, and demand, rather than responses to purely external 

disturbances. 



 

  

5. Discussion 

The results suggest that the surplus-centered model extends conventional explanations of business 

cycles by locating cyclical instability in the interaction between surplus distribution, heterogeneous 

consumption propensities, and leverage dynamics. Conventional interpretations often emphasize 

external shocks or informational frictions, while this framework highlights structural imbalances 

between production, distribution, and finance as sources of endogenous instability. 

The empirical findings indicate that credit expansion can sustain demand in the short run but becomes 

less effective as leverage accumulates. Distributional imbalances weaken income-based demand, 

increasing reliance on credit and reinforcing macro-financial fragility, consistent with evidence on debt 

burdens and financial constraints (Mian & Sufi, 2014; Juselius & Drehmann, 2020). These dynamics 

support an interpretation of business cycles as outcomes of structural interactions rather than temporary 

deviations from equilibrium. 

5.1 Comparison with Mainstream Models 

Real Business Cycle (RBC) theory interprets downturns as productivity shocks transmitted through 

the production function (Lucas, 1975; Kydland & Prescott, 1982), while rational-expectations 

frameworks emphasize revisions in expectations and policy anticipation. New Keynesian approaches 

incorporate nominal rigidities and monetary transmission mechanisms to explain short-run deviations 

from equilibrium (Bernanke, 2005; Summers, 2014). 

The model developed in this paper provides a different mechanism. Equations (3.2) through (3.6) 

indicate that cyclical instability can arise endogenously from distributional misalignments. When the 

aggregate propensity to consume (m̄ₜ) declines relative to productive capacity, demand shortfalls 

emerge and are temporarily offset through credit expansion. Debt accumulation follows from this 

process, while leverage dynamics amplify fragility as financial constraints tighten, consistent with 

theories of financial instability and endogenous cycles (Minsky, 1986; Jordà et al., 2016). 

Within this framework, business cycles reflect persistent tensions between production capacity, the 

distribution of surplus among economic actors, and the financial mechanisms used to sustain aggregate 

demand. This perspective contrasts with approaches that treat instability as externally driven or 

transitory. 

The distinctions between these approaches are summarized in Figure 2. 

Figure 2. Comparison of RBC, New Keynesian, and Distribution–Leverage Cycle frameworks. 



 

  

 

5.2 Historical Continuities 

The framework connects with earlier traditions in political economy. Sismondi emphasized 

underconsumption, Marx analyzed contradictions within accumulation, Keynes formalized the role of 

effective demand, and Schumpeter highlighted the role of credit in cyclical dynamics (Sismondi, 

1819/1991; Marx, 1867/1976; Keynes, 1936; Schumpeter, 1939). 

These traditions correspond to key elements of the present model. Heterogeneous consumption 

propensities shape demand formation, while credit operates as a mechanism that temporarily offsets 

demand shortfalls, consistent with distribution-based macroeconomic models (Kalecki, 1939; Dynan 

et al., 2004). The framework extends these approaches by explicitly modeling multiple claimants to 

surplus, including human participation, entrepreneurial capital, financial capital, and knowledge or 

artificial intelligence capital. 

Within this structure, surplus distribution functions as a central determinant of aggregate demand and 

financial stability. 

5.3 Policy Implications 

The findings carry several implications for fiscal and monetary policy. Stimulus measures can sustain 

output in the short run, but when distributional imbalances persist, demand gaps re-emerge. Once 

leverage exceeds prudential thresholds, additional credit expansion increases financial vulnerability 

and reduces the effectiveness of policy support (Jordà et al., 2016; Juselius & Drehmann, 2020). 



 

  

These dynamics help explain the fragility of post-crisis expansions characterized by sustained 

monetary accommodation and rising indebtedness, consistent with analyses of financial instability and 

leverage cycles (Minsky, 1986; Reinhart & Rogoff, 2009). When surplus increasingly accrues to 

claimants with relatively low propensities to consume, maintaining output becomes dependent on 

credit expansion (Mian & Sufi, 2014). 

In this setting, credit functions as a temporary substitute for income formation, with leverage dynamics 

determining the persistence and amplitude of fluctuations. 

The growing role of knowledge and artificial intelligence capital may intensify this dynamic. These 

forms of capital can increase productivity while weakening the transmission of income to households, 

reducing the direct link between production and consumption demand, consistent with evidence on 

intangible capital and distributional change (Haskel & Westlake, 2018; Acemoglu, 2024). 

5.4 Institutional Implications and Ethosism 

Within this analytical framework, Ethosism represents an institutional mechanism that aligns 

participation in value creation with claims on surplus. Equations (3.2) through (3.6) indicate that when 

surplus is concentrated among claimants with relatively low propensities to consume, credit expansion 

becomes necessary to sustain demand. Broadening participation raises the aggregate propensity to 

consume at the source, reducing the distribution gap and lowering reliance on credit as a stabilizing 

mechanism, consistent with institutional approaches that link distribution, participation, and economic 

outcomes (Polanyi, 1944; Ellerman, 1992). Institutional arrangements that shape participation 

conditions therefore influence both distributional outcomes and macroeconomic stability. 

In this sense, Ethosism follows from the structural logic of the model. It operates by strengthening the 

connection between participation, income formation, and demand, thereby mitigating the feedback 

loop between distributional imbalance and leverage accumulation. 

5.5 Benchmark Comparison 

5.5.1 Purpose and Setup 

To evaluate explanatory performance, the surplus-centered framework is compared with two 

benchmark specifications estimated on the same 2010–2023 panel: 

• A New Keynesian model incorporating nominal rigidities and policy feedback  

• A financial-frictions model in which output responds to credit spreads and leverage  

5.5.2 Model Specifications 

New Keynesian benchmark: 



 

  

𝑌𝑡
𝑁𝐾 =  𝛼0 +  𝛼1𝐸𝑡𝑌{𝑡+1}

−  𝛼2 (𝑖𝑡 −  𝐸𝑡𝜋{𝑡+1}
) +  𝛼3𝜋𝑡 +  𝜀𝑡 

Financial-frictions benchmark: 

𝑌𝑡
𝐹𝐹 =  𝛽0 + 𝛽1𝛥𝐶𝑡 +  𝛽2𝑆𝑝𝑟𝑒𝑎𝑑𝑡 +  𝛽3𝜆𝑡 +  𝑢𝑡 

Surplus-centered model: 

𝑌𝑡
𝑆𝐶 =  𝛾0 +  𝛾1𝑔𝑡 +  𝛾2𝜆𝑡 +  𝛾3(𝑔𝑡 ×  𝜆𝑡) +  𝜂𝑡 

All specifications include country and year fixed effects. The surplus-centered model is estimated 

using the instrumental variable local projection strategy described in Section 4. 

5.5.3 Comparative Performance 

Comparative diagnostics suggest that the surplus-centered specification improves predictive 

performance relative to benchmark models. It is associated with lower forecast error and improved 

identification of cyclical turning points, particularly at medium horizons. 

Compared with the New Keynesian benchmark, the surplus-centered model reduces the root mean 

squared error of output growth forecasts from approximately 1.68 to 1.34 and improves turning point 

accuracy from 56 percent to 72 percent. Relative to the financial-frictions benchmark, it reduces the 

root mean squared error from approximately 1.52 to 1.34 and increases turning point accuracy from 

63 percent to 72 percent. 

These improvements are consistent with the inclusion of interaction effects between the distribution 

gap and leverage, which capture nonlinear amplification mechanisms that are not explicitly modeled 

in benchmark specifications. The results align with evidence that credit dynamics and leverage amplify 

macroeconomic fluctuations over medium horizons (Jordà et al., 2016; Schularick & Taylor, 2012). 

Table 4 summarizes the comparative performance across model specifications. 

Table 4. Model Comparison: Predictive Performance 

Model RMSE (ΔY) MAE (ΔY) Turning Point Accuracy (%) 

New Keynesian 1.68 1.31 56 

Financial Frictions 1.52 1.18 63 

Surplus-Centered (DLC) 1.34 1.04 72 



 

  

Note. Forecast errors are expressed in percentage points of real GDP growth. Turning point accuracy 

measures the percentage of correctly identified peaks and troughs in output growth. Values are based 

on out-of-sample predictions over the 2010–2023 panel. 

The relative gains are most pronounced at horizons beyond two years, consistent with the medium-run 

dynamics emphasized in the model. 

5.5.4 Interpretation 

New Keynesian models reproduce interest-rate transmission mechanisms, and financial-frictions 

models capture balance-sheet amplification. Neither explicitly incorporates the distributional structure 

of surplus allocation. 

In the surplus-centered framework, cyclical amplitude and persistence emerge from the interaction 

between the distribution gap (gₜ) and leverage (λₜ), generating nonlinear dynamics consistent with the 

empirical patterns identified in Section 4. The interaction term captures feedback effects between 

distribution and leverage that are not explicitly modeled in benchmark specifications, consistent with 

analyses of financial instability and endogenous cycles (Minsky, 1986; Beaudry et al., 2020). 

5.5.5 Implications 

These results suggest that macroeconomic volatility reflects structural imbalances between surplus 

generation and its distribution, alongside financial amplification mechanisms. 

5.6 Policy Outlook 

The surplus-centered framework implies that fiscal, monetary, and industrial policy must address 

structural distributional dynamics in addition to short-term stabilization objectives. 

5.6.1 Fiscal Policy 

Fiscal policy can support demand in the short run but may be insufficient when a growing share of 

income accrues to claimants with low consumption propensities (Dynan et al., 2004; Jappelli & 

Pistaferri, 2014). Policies that broaden participation in surplus generation, including profit-sharing 

mechanisms and broader ownership structures, can strengthen demand at its source. 

5.6.2 Monetary Policy 

Monetary policy alone cannot maintain stability when leverage exceeds prudential thresholds, 

consistent with evidence on debt-service burdens and macro-financial constraints (Juselius & 

Drehmann, 2020). Indicators such as the distribution gap, leverage, and debt-service ratios provide 

complementary information alongside inflation and employment in assessing macroeconomic risk. 



 

  

Macroprudential tools, including countercyclical capital buffers and debt-service limits, can help 

contain financial fragility. 

5.6.3 Industrial and Innovation Policy 

Technological change associated with knowledge and artificial intelligence capital can expand 

productive capacity while altering income distribution, consistent with evidence on intangible capital 

and changing labor shares (Haskel & Westlake, 2018; Autor et al., 2020). Industrial and innovation 

policy must therefore consider how productivity gains translate into broader demand and participation. 

Mechanisms that broaden participation in innovation-related returns can help maintain the connection 

between production and consumption. 

5.6.4 Global Policy Architecture 

At the international level, financial instability reflects not only liquidity conditions but also structural 

imbalances. As returns to intangible and artificial intelligence capital become more concentrated, 

coordination on macroprudential regulation and the taxation of intangible income may play a role in 

maintaining global stability. 

5.7 Synthesis 

The combined empirical and simulation evidence is consistent with macroeconomic instability 

emerging from the interaction between distributional imbalance, leverage accumulation, and evolving 

forms of capital ownership. Fiscal and monetary policy can moderate fluctuations, but without 

distributive alignment they function as temporary stabilization tools. 

Strengthening the connection between production, distribution, and demand is central to sustaining 

macroeconomic stability. Institutional arrangements that broaden participation in surplus generation 

influence this alignment in economies shaped by financial and technological change. 

6. Conclusion 

The empirical and theoretical analysis presented in this study suggests that cyclical instability in 

modern economies arises from structural interactions linking production, distribution, and finance. The 

Distribution–Leverage Cycle (DLC) framework shows that when a growing share of surplus accrues 

to claimants with relatively low propensities to consume, aggregate demand weakens and credit 

expansion emerges as a compensatory mechanism. As leverage accumulates, rising debt-service 

burdens constrain further borrowing, increasing financial fragility (Jordà et al., 2016; Mian & Sufi, 

2014; Juselius & Drehmann, 2020). 



 

  

In this context, macroeconomic instability reflects not only fluctuations in demand but also a 

misalignment between income formation and productive capacity. Stability depends in part on how 

surplus is distributed across economic actors. 

6.1 Structural Interpretation 

The framework integrates and extends insights from Sismondi, Marx, Keynes, and Schumpeter by 

formalizing the role of distribution in cyclical dynamics (Sismondi, 1819/1991; Marx, 1867/1976; 

Keynes, 1936; Schumpeter, 1939). Real Business Cycle and New Keynesian models typically attribute 

fluctuations to productivity shocks, expectation revisions, or nominal rigidities, while the present 

analysis highlights the interaction between the distribution gap (gₜ) and leverage (λₜ) as a source of 

endogenous instability. 

When surplus accumulation is not matched by corresponding demand formation, credit expansion 

sustains output temporarily. As debt-service constraints tighten, this mechanism weakens and 

contributes to contraction. Fluctuations emerge from the internal structure of the economy, consistent 

with theories of endogenous cycles and financial instability (Minsky, 1986; Beaudry et al., 2020). 

6.2 Institutional Implications 

Within this analytical framework, institutional arrangements that align participation in production with 

claims on surplus influence both distributional outcomes and macroeconomic stability. By 

strengthening the connection between income formation and demand, such arrangements can reduce 

the distribution gap and limit reliance on credit as a stabilizing mechanism, consistent with institutional 

approaches to economic organization (Polanyi, 1944; Ellerman, 1992). 

Fiscal policy, monetary regulation, and innovation policy play complementary roles in supporting this 

alignment, particularly in economies characterized by evolving forms of capital ownership and 

increasing reliance on intangible and knowledge-based assets. 

6.3 Policy and Simulation Insights 

Simulations presented in Appendix H illustrate how policy feedback rules linked to distributional and 

financial indicators may influence macroeconomic stability. Fiscal responses that adjust with the 

distribution gap are associated with lower output volatility, while monetary responses to rising debt-

service ratios appear to moderate leverage dynamics without generating persistent inflationary 

pressure. 

These findings are illustrative, but they suggest that incorporating distributional and financial variables 

into policy frameworks may improve the effectiveness of macroeconomic stabilization. 



 

  

6.4 Future Research 

The results highlight the importance of further research on the structural relationships between 

production, distribution, and finance. Future work could extend this framework through micro-level 

analysis of participation in production, estimation of sectoral differences in surplus allocation, and 

international examination of how technological rents are distributed across economies. 

As technological change accelerates, understanding how productivity gains translate into aggregate 

demand will become increasingly important. 
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Appendix A 

Data, Sample, and Variable Construction 

A1. Sample Selection and Coverage 

The empirical analysis focuses on twelve large economies that account for a substantial share of global 

output and sovereign and private debt. These countries represent core financial systems through which 

global credit conditions propagate and therefore provide a relevant setting for examining the 

interaction between income distribution, leverage, and macroeconomic fluctuations. 

The countries included in the sample are: United States, Japan, China, Italy, France, United Kingdom, 

Germany, Canada, India, Brazil, South Korea, and Spain. 

The study period extends from 2010 to 2023, covering the post-global-financial-crisis environment in 

which the interaction between credit expansion, monetary accommodation, and income distribution 

became central to macroeconomic dynamics. All observations are harmonized to annual frequency. 

The selection of these economies is motivated by their systemic importance within the global macro-

financial architecture. Collectively, they account for a substantial share of global output and a large 

proportion of sovereign and private debt (International Monetary Fund, 2023; Bank for International 

Settlements, 2023). 

This sample provides a relevant setting for examining the Distribution–Leverage Cycle (DLC) for 

three main reasons. 

First, these economies exhibit deep and highly interconnected financial systems. As primary nodes in 

global credit markets, they allow for analysis of how leverage dynamics propagate across sectors and 

over time. 
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Second, the sample captures variation in distributional structures and institutional configurations. It 

includes market-based systems with relatively high leverage, coordinated European economies with 

different income-allocation mechanisms, and large emerging economies characterized by rapid credit 

expansion. This variation allows the analysis to assess whether the relationships identified in the model 

hold across heterogeneous institutional environments. 

Third, these economies are located near the technological frontier, particularly in the development and 

diffusion of intangible and AI-related capital (World Intellectual Property Organization, 2019). This 

feature is relevant for examining how changes in capital composition influence the relationship 

between surplus allocation and aggregate demand. 

The sample is designed to capture structural features of modern, capital-intensive economies rather 

than country-specific dynamics. The objective is to evaluate whether the interaction between 

distribution, leverage, and demand identified in the DLC framework is observable across economies 

that play a central role in global macroeconomic activity. 

A2. Data Sources 

The empirical analysis integrates several international macroeconomic and financial datasets. 

Institution Dataset Frequency Variables 

International Monetary Fund World Economic Outlook Annual 
GDP, CPI, fiscal 

balance, public debt 

Bank for International 

Settlements 

Credit Statistics (Total Credit 

to the Non-Financial Sector) 

Quarterly / 

Annual 

Private credit, debt-

service ratio 

Organisation for Economic 

Co-operation and 

Development 

National Accounts Annual 
Labor compensation, 

capital income 

World Bank 
World Development 

Indicators 
Annual 

Consumption share, 

investment 

EU KLEMS / INTAN-Invest Intangible capital data Annual 
Intangible investment, 

capital composition 

National statistical offices Country accounts Annual 
Supplementary capital 

measures 



 

  

Institution Dataset Frequency Variables 

Author calculations Derived variables Constructed 
Distribution gap, 

leverage 

Note. Nominal variables are converted to constant 2015 USD PPP where appropriate. 

 

A3. Variable Definitions 

• Production function 

Yₜ = Āₜ Φ(Pₜ) Kₜᵅ Hₜ¹⁻ᵅ, Aₜ > 0, 0 < α < 1 

where Pₜ denotes the participation input (Socially Necessary Participation), distinct from human capital 

Hₜ. 

 

• Consumption 

Cₜ = mᴴ ωᴴ,ₜ Yₜ + mᴱ ωᴱ,ₜ Yₜ + mᶠ ωᶠ,ₜ Yₜ + mᴷ ωᴷ,ₜ Yₜ = m̄ₜ Yₜ 

 

• Aggregate propensity to consume 

m̄ₜ = mᴴ ωᴴ,ₜ + mᴱ ωᴱ,ₜ + mᶠ ωᶠ,ₜ + mᴷ ωᴷ,ₜ 

 

• Distribution gap 

gₜ = 1 − m̄ₜ 

 

• Leverage 

λₜ = Bₜ / Yₜ 

 

• Aggregate demand identity 

Yₜ = Cₜ + Iₜ + Gₜ 

Substituting yields: 

Yₜ = m̄ₜ Yₜ + Iₜ + Gₜ 

which implies: 



 

  

Yₜ = (Iₜ + Gₜ) / (1 − m̄ₜ) 

 

A4. Data Harmonization 

To ensure comparability across countries and datasets, the following procedures are applied. 

Normalization 

Variables are indexed to 2015 = 100 where appropriate. 

Interpolation 

Missing observations shorter than two years are linearly interpolated. Results are robust to alternative 

interpolation procedures. 

Outliers 

Observations exceeding |z| > 3 are winsorized. Results are robust to alternative trimming thresholds. 

Aggregation 

Regional averages are computed using GDP-PPP weights. 

Proxy substitution 

Where labor-share data are unavailable, household consumption share is used as a proxy. 

A5. Measurement of Knowledge and AI Capital 

The knowledge-capital share (ωᴷₜ) is approximated using multiple complementary indicators: 

• Intangible investment from EU KLEMS and INTAN-Invest datasets (Corrado et al., 2022; 

Stehrer et al., 2019)  

• AI-related patent activity based on WIPO technology indicators (World Intellectual Property 

Organization, 2019)  

• AI-related labor demand derived from job-posting data  

These indicators capture complementary dimensions of knowledge capital, including investment, 

innovation output, and labor demand. Each series is normalized relative to GDP and standardized prior 

to aggregation. 

This approach follows established methods for measuring intangible capital and its macroeconomic 

role in modern economies. 

A6. Replication Transparency 

Appendix A documents the construction of all variables used in the empirical analysis and provides 

the data lineage underlying the structural model. The procedures described here are intended to 



 

  

facilitate replication and ensure transparency in the estimation of the relationships between income 

distribution, leverage, and macroeconomic fluctuations analyzed in the main text. 

Appendix B 

Model Derivation and Dynamic Structure 

B1. Conceptual Framework 

This appendix formalizes the structural mechanism linking income distribution, credit expansion, and 

macroeconomic fluctuations. The model begins from the premise that output dynamics depend not 

only on productive capacity but also on how income is distributed across economic actors with 

different propensities to consume. 

The economy is composed of four income-receiving sectors: human capital (H), entrepreneurial capital 

(E), financial capital (F), and knowledge or AI capital (K). Each sector receives a share of income ωˢ 

and exhibits a marginal propensity to consume mˢ. 

The aggregate propensity to consume is therefore defined as: 

m̄ₜ = mᴴωᴴ,ₜ + mᴱωᴱ,ₜ + mᶠωᶠ,ₜ + mᴷωᴷ,ₜ 

The portion of income not translated into consumption is defined as the distribution gap: 

gₜ = 1 − m̄ₜ 

An increase in the distribution gap indicates that a larger share of income accrues to sectors with 

relatively low propensities to consume. Under these conditions, credit expansion becomes a 

mechanism through which aggregate demand is sustained. 

B2. Production Structure 

Output is generated through a Cobb–Douglas production function: 

Yₜ = Āₜ Φ(Eₜ) Kₜᵅ Pₜ¹⁻ᵅ 

with: 

Āₜ > 0, 0 < α < 1 

where: 

• Yₜ denotes aggregate output  

• Āₜ represents baseline productivity  

• Φ(Eₜ) captures the productivity effect of entrepreneurial capital  

• Kₜ represents physical or financial capital  



 

  

• Pₜ denotes Socially Necessary Participation  

Pₜ represents the effective inclusion of productive human capabilities within the economy and reflects 

institutional conditions governing participation, consistent with the SNP framework (Sekimonyo & 

Casimir, 2025). 

B3. Consumption and Aggregate Demand 

Total consumption depends on income distribution across sectors: 

Cₜ = mᴴωᴴ,ₜYₜ + mᴱωᴱ,ₜYₜ + mᶠωᶠ,ₜYₜ + mᴷωᴷ,ₜYₜ 

which simplifies to: 

Cₜ = m̄ₜYₜ 

Aggregate demand is given by: 

Yₜ = Cₜ + Iₜ + Gₜ 

Substituting yields: 

Yₜ = m̄ₜYₜ + Iₜ + Gₜ 

which implies: 

Yₜ = (Iₜ + Gₜ) / (1 − m̄ₜ) 

This expression shows that equilibrium output depends on investment and public expenditure relative 

to the aggregate propensity to consume. 

B4. Credit Dynamics 

When the distribution gap widens, credit expansion supports aggregate demand. New credit creation 

is modeled as: 

Δₜ = γ gₜYₜ − χ Ψ(DSRₜ − κ̄) 

where: 

• γ captures the responsiveness of credit to the distribution gap  

• χ reflects the strength of debt-service constraints  

• κ̄ denotes a prudential threshold  

• Ψ(·) is a smooth increasing function (e.g., logistic), representing the tightening of borrowing 

conditions as debt-service burdens rise  

This specification follows the tradition of Minskyan macrodynamics, where credit supply is pro-

cyclical but constrained by balance-sheet fragility (Minsky, 1986). 



 

  

Credit evolves according to: 

Bₜ₊₁ = (1 + iₜ)Bₜ + Δₜ 

Leverage is defined as: 

λₜ = Bₜ / Yₜ 

B5. Dynamic Interaction 

Combining the demand equilibrium condition with credit expansion generates a feedback mechanism 

between distribution, leverage, and output. 

An increase in the distribution gap raises credit demand, which supports output in the short run. As 

leverage increases, debt-service burdens intensify and borrowing constraints tighten, reducing the 

capacity for further credit expansion. This interaction produces cyclical adjustments in output and 

leverage even in the absence of exogenous shocks. 

B5.1 Derivation of the Reduced Nonlinear Form (Mathematical Bridge) 

The reduced system in B6 represents a local approximation of the joint dynamics between output and 

leverage around a steady state. By linearizing the demand equation in B3 and incorporating the debt 

accumulation process from B4, the model can be expressed as a coupled system in output and debt 

deviations. 

The parameter μ captures the net effect of distributional imbalances and credit responsiveness, while 

ω reflects the adjustment dynamics linking output and leverage. To ensure bounded dynamics and 

capture capacity and financial constraints, nonlinear terms are introduced as a canonical representation 

of saturation effects. 

This transformation maps the structural system into a standard nonlinear dynamic framework that 

allows for the analysis of endogenous cyclical behavior (Gandolfo, 2009). 

B6. Nonlinear Dynamic Representation 

The system can be expressed in reduced form as: 

Ẏ = μY − ωD − Y(Y² + D²) 

Ḋ = ωY + μD − D(Y² + D²) 

where: 

• Y represents output deviations  

• D represents debt deviations  

• μ captures the strength of the distribution–credit feedback  

• ω reflects adjustment dynamics  



 

  

Similar nonlinear formulations have been used to characterize endogenous fluctuations in 

macroeconomic systems (Benhabib & Farmer, 1994). 

When μ < 0, the system converges toward a stable equilibrium. 

When μ = 0, the system exhibits neutral oscillations. 

When μ > 0, the system undergoes a Hopf bifurcation, generating persistent endogenous cycles. 

The nonlinear terms ensure bounded trajectories and represent capacity constraints and financial 

saturation effects that limit expansion and contraction. 

B7. Interpretation 

The model demonstrates that macroeconomic cycles can arise from the internal interaction between 

income distribution and leverage dynamics. 

When income shifts toward sectors with lower propensities to consume, the distribution gap widens 

and credit expansion sustains demand temporarily. As debt-service burdens rise, borrowing constraints 

tighten and demand weakens. The feedback between distribution, credit, and output generates cyclical 

fluctuations without requiring exogenous shocks. 

This mechanism is consistent with earlier theories emphasizing the interaction between distribution, 

demand, and financial dynamics (Kalecki, 1939; Minsky, 1986). 

This framework provides the theoretical foundation for the empirical identification strategy presented 

in Appendix C. 

Appendix C 

Empirical Identification and Estimation Strategy 

C1. Purpose and Overview 

This appendix describes the empirical strategy used to estimate the relationships between income 

distribution, leverage, and macroeconomic fluctuations derived in Appendix B. The objective is to 

identify the causal impact of the distribution gap (gₜ) and leverage (λₜ) on real output growth. 

Because credit conditions and income distribution can respond endogenously to contemporaneous 

economic shocks, a standard regression framework would suffer from simultaneity bias. To address 

this issue, the analysis employs an instrumental-variable local-projection (IV–LP) framework, 

following Jordà (2005), with instrumental-variable extensions discussed in Ramey (2016) and Stock 

and Watson (2018). 

This approach allows consistent estimation of impulse responses while accommodating flexible 

dynamic responses without imposing strong parametric restrictions. It is well suited to macro-financial 



 

  

environments characterized by nonlinear and horizon-dependent effects (Jordà, 2005; Kilian & Kim, 

2011). 

C2. Baseline Empirical Specification 

The empirical model is specified as: 

ΔʰYᵢ,ₜ₊ₕ = αₕ + βₕgᵢ,ₜ + θₕλᵢ,ₜ + φₕXᵢ,ₜ + εᵢ,ₜ₊ₕ 

where: 

• ΔʰYᵢ,ₜ₊ₕ denotes the cumulative change in real GDP per capita for country i over horizon h  

• gᵢ,ₜ represents the distribution gap  

• λᵢ,ₜ = Bᵢ,ₜ / Yᵢ,ₜ denotes the leverage ratio  

• Xᵢ,ₜ is a vector of control variables  

• εᵢ,ₜ₊ₕ is the disturbance term  

The horizon h ranges from 1 to 8 years, allowing the estimation of medium-run impulse responses in 

line with the local-projection methodology (Jordà, 2005). 

C3. Control Variables 

The vector Xᵢ,ₜ includes standard macroeconomic controls commonly used in cross-country and macro-

financial analyses: 

• inflation rate  

• fiscal balance as a share of GDP  

• global demand conditions  

• investment growth  

• government expenditure growth  

These controls follow standard empirical practice using data from IMF World Economic Outlook, 

World Bank World Development Indicators, and OECD National Accounts, and ensure that estimated 

effects are not confounded by other macroeconomic influences. 

C4. Instrumental Variable Identification 

Both the distribution gap (gₜ) and leverage (λₜ) are potentially endogenous. To identify their causal 

effects, the estimation uses external instruments that influence distributional conditions or credit 

supply while remaining orthogonal to contemporaneous output fluctuations. 

Instruments 



 

  

Monetary policy shocks 

Lagged policy-rate innovations are used as instruments, following identification strategies in Romer 

and Romer (2004) and Gertler and Karadi (2015). 

Global liquidity conditions 

Cross-border lending flows and global credit conditions are constructed using the Bank for 

International Settlements (2023) Credit Statistics database and related measures of international 

banking activity (Avdjiev et al., 2018). 

Fiscal cyclicality index 

Lagged cyclically adjusted primary balances are used to capture exogenous variation in fiscal stance, 

based on IMF data. 

Technological shocks 

Indicators of AI and intangible capital diffusion are constructed using multiple sources, including EU 

KLEMS and INTAN-Invest datasets (Corrado et al., 2022; Stehrer et al., 2019) and WIPO technology 

indicators (World Intellectual Property Organization, 2019), complemented by measures of AI-related 

innovation and labor-demand shifts (Acemoglu & Restrepo, 2019; Autor et al., 2020). 

These instruments affect distributional dynamics and credit expansion through distinct structural 

channels while remaining plausibly exogenous to short-run domestic output fluctuations. 

First-stage regressions 

.gᵢ,ₜ = π₀ + π₁Zᵢ,ₜ + υᵢ,ₜ 

λᵢ,ₜ = ψ₀ + ψ₁Zᵢ,ₜ + ξᵢ,ₜ 

where Zᵢ,ₜ represents the set of instrumental variables. 

C5. Estimation Procedure 

The model is estimated using two-stage least squares within a local-projection framework (Jordà, 

2005; Stock and Watson, 2018). 

The estimation procedure proceeds as follows: 

1. Instrument the distribution gap and leverage using the external instruments  

2. Estimate the local-projection regression separately for each horizon h  

3. Compute impulse-response coefficients (βₕ, θₕ)  

4. Construct confidence intervals using clustered standard errors  



 

  

Country fixed effects and year fixed effects are included to control for unobserved heterogeneity and 

common global shocks. Standard errors are clustered at the country level to account for serial 

correlation. 

C6. Diagnostic Tests 

Several diagnostic tests are conducted to evaluate the validity of the identification strategy and the 

reliability of the estimated impulse responses. 

Weak-instrument test 

First-stage F-statistics exceed the conventional threshold of 10, consistent with the criteria proposed 

by Staiger and Stock (1997). The corresponding critical values for weak instruments are also satisfied 

based on Stock and Yogo (2005), indicating that the instruments are sufficiently strong. 

Over-identification test 

Instrument exogeneity is assessed using the Hansen J statistic (Hansen, 1982). Estimated p-values 

between 0.20 and 0.60 do not reject the null hypothesis of instrument validity, supporting the 

exogeneity of the instrument set. 

Serial correlation and residual diagnostics 

Residual diagnostics indicate no systematic serial dependence. Standard errors are clustered at the 

country level to account for within-country correlation over time. 

Robustness checks 

Results remain stable when alternative measures of inequality and credit are used, as well as under 

different sample definitions and estimation specifications. 

These diagnostics support the validity of the IV–LP identification strategy and the robustness of the 

estimated relationships. 

C7. Interpretation of Impulse Responses 

The impulse-response functions derived from the IV–LP estimates reveal three consistent patterns. 

First, increases in the distribution gap stimulate output in the short run. This reflects the expansion of 

credit and investment that compensates for weak consumption demand. 

Second, this positive effect reverses after several years as rising leverage increases debt-service 

burdens and constrains spending. 

Third, economies with higher baseline leverage exhibit larger boom–bust cycles, indicating that credit 

amplification plays a central role in macroeconomic volatility. 



 

  

These findings are consistent with empirical evidence showing that credit expansions have positive 

short-run but negative medium-run effects (Jordà et al., 2016). They align with distribution-driven 

demand mechanisms (Dynan et al., 2004; Jappelli & Pistaferri, 2014) and with financial instability 

frameworks that emphasize debt accumulation and repayment constraints (Minsky, 1986; Mian & Sufi, 

2014; Juselius & Drehmann, 2020; Kumhof & Rancière, 2015). 

C8. Data Sources and Consistency with Appendix A 

All variables and instruments are constructed from internationally recognized datasets: 

• International Monetary Fund, World Economic Outlook (WEO) database 

• International Monetary Fund, International Financial Statistics (IFS) 

• Bank for International Settlements (2023), Credit Statistics database 

• World Bank, World Development Indicators (WDI) 

• Organisation for Economic Co-operation and Development (OECD), National Accounts 

• EU KLEMS and INTAN-Invest datasets (Corrado et al., 2022; Stehrer et al., 2019) 

• World Intellectual Property Organization (2019), AI technology indicators 

These datasets ensure cross-country comparability and consistency in the measurement of 

macroeconomic, financial, and technological variables. 

Full details on data construction, variable definitions, and transformations are provided in Appendix 

A. 

C9. Summary 

The empirical identification strategy provides evidence that distributional imbalances and leverage 

dynamics jointly shape macroeconomic fluctuations. 

By combining instrumental variables with local projections, the framework isolates the causal effects 

of distribution and credit conditions while capturing nonlinear and horizon-dependent dynamics. 

The results show that increases in the distribution gap initially stimulate output through credit 

expansion but ultimately produce reversals once debt-service constraints become binding. 

This dynamic confirms that modern business cycles reflect structural feedbacks between distribution 

and finance rather than purely exogenous shocks. 

Appendix D 

Robustness and Sensitivity Analyses 



 

  

D1. Purpose 

This appendix evaluates the robustness of the empirical results by testing whether the relationships 

between the distribution gap (gₜ), leverage (λₜ), and output growth (ΔYₜ) remain stable under alternative 

definitions of variables, different econometric specifications, and changes in sample composition. 

The objective is to ensure that the estimated distribution–credit mechanism is not driven by particular 

measurement choices, estimation assumptions, or sample-specific conditions. 

D2. Alternative Definitions of the Distribution Gap 

The baseline specification defines the distribution gap as: 

gₜ = 1 − m̄ₜ 

where 

m̄ₜ = mᴴωᴴ,ₜ + mᴱωᴱ,ₜ + mᶠωᶠ,ₜ + mᴷωᴷ,ₜ 

To verify robustness, two alternative measures are considered: 

• Consumption share definition 

gₜ = 1 − (Cₜ / Yₜ) 

• Labor share proxy 

gₜ = 1 − ωᴴ,ₜ 

The use of labor share as a proxy for distributional dynamics is supported by evidence on the structural 

role of labor income in aggregate demand formation (Karabarbounis and Neiman, 2014). 

Across all specifications, the correlation between the baseline measure and alternative definitions 

ranges between 0.85 and 0.92, indicating that each measure captures a common underlying 

distributional imbalance. 

• Normalization sensitivity (2015 baseline) 

All variables are indexed to 2015 = 100 (Appendix A). To ensure that results are not driven by this 

normalization choice, alternative base years (2012 and 2018) were tested. 

The distribution gap and its dynamics remain qualitatively unchanged under alternative indexing 

schemes. While small level shifts occur, the cyclical patterns and impulse-response functions are 

invariant. 

This suggests that the results are not sensitive to the choice of base year and that 2015 does not 

represent a structurally atypical benchmark. 



 

  

D3. Alternative Measures of Leverage 

The baseline leverage ratio is defined as: 

λₜ = Bₜ / Yₜ 

where Bₜ represents private non-financial credit. 

This definition follows standard macro-financial practice, where private credit is the primary driver of 

financial cycles (Schularick and Taylor, 2012). 

Two alternative leverage indicators are examined: 

• Total credit ratio 

λₜ = (Bₜ + PublicDebtₜ) / Yₜ 

• Domestic credit ratio 

λₜ = DomesticCreditₜ / Yₜ 

The estimated coefficients remain stable across these alternative measures, indicating that the results 

are not dependent on the specific definition of leverage. 

D4. Alternative Econometric Specifications 

To test whether results depend on the estimation method, several alternative models are estimated: 

Ordinary least squares (OLS) 

ΔYᵢ,ₜ = α + βgᵢ,ₜ + θλᵢ,ₜ + εᵢ,ₜ 

Dynamic fixed-effects model 

ΔYᵢ,ₜ = α + βgᵢ,ₜ + θλᵢ,ₜ + ρΔYᵢ,ₜ₋₁ + εᵢ,ₜ 

Including a lagged dependent variable introduces potential small-sample bias in panel settings 

(Nickell, 1981). Given the time dimension of the panel, this specification is used as a robustness check 

rather than a baseline estimator. 

Vector autoregression (VAR) 

Yₜ = A₁Yₜ₋₁ + A₂Yₜ₋₂ + εₜ 

The VAR framework follows Sims (1980). Lag length is selected using standard information criteria 

(Akaike and Schwarz), both of which indicate that a two-lag specification provides the best balance 

between fit and parsimony. 

Across all specifications, the qualitative pattern remains unchanged: increases in the distribution gap 

produce short-run expansions followed by medium-run reversals. 



 

  

D5. Subsample Stability 

The sample is divided into subsamples: 

Advanced economies 

United States, Japan, United Kingdom, Germany, France, Italy, Canada, Spain 

Emerging economies 

China, India, Brazil, South Korea 

In both groups, the distribution gap exhibits the same cyclical structure, but important differences 

emerge: 

• Advanced economies display smoother and longer cycles  

• Emerging economies exhibit shorter and more volatile cycles  

• Turning point heterogeneity 

The baseline turning point occurs around year 4. 

• Emerging economies: turning point at approximately years 2–3  

• Advanced economies: turning point at approximately years 4–5  

This variation is consistent with faster and more volatile credit cycles in emerging markets. The 

presence of a turning point across subsamples confirms the general mechanism, while differences in 

timing reflect structural heterogeneity. 

D6. Sensitivity to Global Events and Structural Stability 

The baseline sample includes major global macroeconomic disturbances. To assess structural stability, 

the estimation excludes specific periods associated with these events: 

• Euro-area crisis exclusion: 2011–2013  

• Pandemic exclusion: 2020–2021  

This approach follows the logic of structural break testing, which evaluates whether parameter 

estimates remain stable across subsamples (Chow, 1960). The sign and general timing of the impulse 

responses remain unchanged under these exclusions. 

Global Financial Crisis (GFC) legacy effects 

Although the sample begins in 2010, early observations reflect post-crisis balance-sheet conditions. 

To address potential initial-condition bias, the estimation is repeated excluding the period 2010–2012. 

Results remain qualitatively unchanged, indicating that the findings are not driven by post-GFC 

adjustment dynamics. 



 

  

D7. Bootstrapped Confidence Intervals 

To evaluate statistical reliability, impulse responses are re-estimated using bootstrapped confidence 

intervals. 

One thousand bootstrap replications are performed, following Efron and Tibshirani (1993). 

The use of bootstrap methods for impulse-response analysis is supported by evidence on their 

reliability in dynamic models (Kilian and Kim, 2011). 

The resulting confidence bands confirm that: 

• the short-run expansion effect is statistically significant  

• the medium-run reversal remains robust  

• Turning point robustness 

The turning point is observed within a range of approximately 3 to 5 years across bootstrap samples. 

This indicates that the reversal is a structural feature of the data rather than a point estimate artifact. 

D8. Parameter Sensitivity 

The sensitivity of structural parameters is evaluated using simulations of the dynamic system in 

Appendix B. 

ΔYₜ = (α + ργgₜ)Yₜ₋₁ − χ(DSRₜ − κ̄)₊ 

Simulations show: 

• Increasing γ amplifies cycle amplitude  

• Increasing χ produces sharper contractions  

• Lower α reduces cycle duration  

These results confirm that the distribution–credit feedback mechanism remains stable across a wide 

range of parameter values. 

D9. Treatment of Outliers 

Outliers are handled using winsorization at |z| > 3, consistent with standard statistical practice (Tukey, 

1962; Dixon, 1960). 

Alternative trimming thresholds yield similar results, indicating that findings are not driven by extreme 

observations. 

D10. Summary 

The robustness exercises confirm that the principal findings are not driven by variable definitions, 

estimation methods, normalization choices, or sample composition. 



 

  

Key clarifications include: 

• Results are not sensitive to the 2015 base-year normalization  

• The turning point is robust but varies across subsamples  

• Findings are not driven by post-GFC initial conditions  

• VAR results are stable under standard lag-selection criteria  

• Statistical inference is robust to bootstrap resampling  

Across all specifications, increases in the distribution gap stimulate output in the short run through 

credit expansion but eventually lead to slower growth as debt-service burdens rise. 

These results reinforce the central conclusion of the paper: modern business cycles are structurally 

rooted in the interaction between income distribution and leverage dynamics rather than purely in 

external shocks. 

Appendix E 

Simulation Results 

E1. Purpose 

This appendix presents dynamic simulations based on the structural model developed in Appendix B. 

The objective is to illustrate how interactions between the distribution gap (gₜ), credit creation, and 

debt-service constraints generate endogenous macroeconomic cycles. 

The simulations provide a stylized and reduced-form representation of the distribution–credit feedback 

mechanism. They isolate the core nonlinear interaction between output, leverage, and distribution that 

drives the model. 

E2. Simulation Framework 

The simulations are based on the nonlinear system: 

Ẏ = μY − ωD − Y(Y² + D²) 

Ḋ = ωY + μD − D(Y² + D²) 

where: 

• Y represents deviations of output from steady-state equilibrium  

• D represents deviations of debt from steady-state equilibrium  

• μ captures the strength of the distribution–credit feedback  

• ω represents the adjustment speed  



 

  

This system follows a canonical nonlinear dynamic structure that generates limit cycles through a 

supercritical Hopf bifurcation (Marsden & McCracken, 1976; Gandolfo, 2009; Strogatz, 2018). 

The nonlinear damping term Y(Y² + D²) reflects saturation effects that constrain expansion and 

contraction, consistent with earlier nonlinear trade-cycle models (Kaldor, 1940). 

The formulation is a reduced-form representation of the broader structural model. Its purpose is to 

demonstrate how internal feedback mechanisms can generate persistent cyclical behavior in the 

absence of exogenous shocks. 

E3. Simulation Parameters and Calibration 

Baseline parameter values are: 

Parameter Interpretation Value 

μ distribution–credit feedback strength 0.03 

ω adjustment speed 1.0 

Δt time step 0.05 

T simulation horizon 800 periods 

Y₀ initial output deviation 0.4 

D₀ initial debt deviation 0.0 

The simulation horizon ensures that long-run dynamics are observed independently of initial 

conditions. 

• Calibration of μ 

The parameter μ = 0.03 produces oscillatory dynamics that align with the empirical scale of output 

fluctuations observed in the sample. 

This parameter is calibrated and not directly estimated. Sensitivity analysis shows: 

• μ < 0 → convergence to equilibrium  

• μ ≈ 0 → weak oscillations  

• μ > 0 → persistent cycles  

The role of μ captures the strength of financial feedback mechanisms. Positive values correspond to 

environments in which credit expansion reinforces demand imbalances, consistent with the financial 

instability hypothesis (Minsky, 1986). 



 

  

E4. Stability Conditions 

System behavior depends on μ: 

• μ < 0 → stable equilibrium with damped oscillations  

• μ = 0 → neutral cycles  

• μ > 0 → persistent oscillations  

This transition corresponds to a Hopf bifurcation and provides a formal representation of endogenous 

cycle generation. 

These dynamics are consistent with models in which macroeconomic fluctuations arise from internal 

nonlinear interactions rather than external disturbances (Goodwin, 1967; Beaudry et al., 2020; 

Benhabib & Farmer, 1994). 

E5. Simulated Output and Debt Dynamics 

The simulations produce three consistent patterns: 

1. Short-run expansion 

Rising distribution gaps increase credit and support output  

2. Medium-run reversal 

Debt accumulation increases repayment burdens and constrains demand  

3. Persistent oscillations 

Interaction between credit expansion and debt constraints generates recurring cycles  

The medium-run reversal reflects the rising real burden of debt and its contractionary effects, 

consistent with debt-deflation dynamics (Fisher, 1933) and modern macro-financial evidence (Jordà, 

Schularick, and Taylor, 2016). 

E6. Sensitivity to Credit Responsiveness 

Credit responsiveness (γ) shapes cycle dynamics. 

Higher γ: 

• increases amplitude of fluctuations  

• accelerates expansion phases  

• strengthens feedback between distribution and leverage  

• Effect on cycle duration 

Changes in γ influence cycle length: 

• higher γ → longer expansions and sharper contractions  



 

  

• lower γ → shorter and more damped cycles  

These dynamics reflect the role of credit supply in amplifying macroeconomic fluctuations (Schularick 

and Taylor, 2012). 

E7. Sensitivity to Debt-Service Constraints 

The demand equation includes a nonlinear threshold term: 

(DSRₜ − κ̄)₊ 

This term activates only when debt-service burdens exceed a critical threshold. 

• Interpretation of asymmetry 

This specification creates asymmetric dynamics: 

• expansions unfold gradually  

• contractions occur abruptly  

Debt-service constraints bind only after the threshold is crossed, producing sharper downturns. This 

reflects empirical evidence that excessive leverage leads to nonlinear adjustments in economic activity 

(Juselius and Drehmann, 2020). 

Higher χ intensifies contractions and increases volatility, while lower χ allows longer expansions. 

E8. Role of the Distribution Gap 

Changes in the distribution gap affect credit dynamics: 

gₜ increases → credit expansion rises → output increases 

As debt accumulates: 

• repayment burdens increase  

• credit expansion slows  

• output declines  

This mechanism aligns with modern evidence linking inequality, leverage, and macroeconomic 

instability (Kumhof, Rancière, and Winant, 2015). 

E9. Interpretation 

The simulations show that macroeconomic cycles can arise from internal structural interactions 

between: 

• income distribution  

• credit expansion  



 

  

• leverage accumulation  

The system generates fluctuations through feedback effects embedded in the economic structure. 

This provides a formal representation of endogenous instability consistent with the traditions of Kaldor 

(1940), Goodwin (1967), and Minsky (1986). 

E10. Summary 

The simulation results reinforce the theoretical and empirical findings. 

Key points: 

• The model is a reduced-form representation of a broader system  

• Cycles depend on the strength of the distribution–credit feedback  

• Debt-service thresholds generate asymmetric dynamics  

• Credit conditions influence both amplitude and duration  

The Hopf bifurcation framework provides a rigorous foundation for understanding how structural 

imbalances generate persistent macroeconomic fluctuations (Marsden and McCracken, 1976; Strogatz, 

2018). 

These results support the central conclusion: modern business cycles emerge from the interaction 

between distribution and leverage dynamics. 

Appendix F 

Knowledge and AI Capital Extension 

F1. Purpose 

This appendix extends the structural model to incorporate the growing role of knowledge and artificial 

intelligence (AI) capital in modern economies. The objective is to examine how the increasing share 

of intangible and AI-driven production affects income distribution, the aggregate propensity to 

consume, and the distribution gap that drives credit expansion in the main model. 

The inclusion of knowledge capital reflects structural transformations in advanced economies, where 

intangible assets, algorithms, software, and data account for an increasing share of value creation.  

F2. Knowledge Capital in the Distribution Framework 

In the baseline model, income is distributed across four sectors: 

• human capital (H)  

• entrepreneurial capital (E)  



 

  

• financial capital (F)  

• knowledge or AI capital (K)  

The aggregate propensity to consume remains: 

m̄ₜ = mᴴωᴴ,ₜ + mᴱωᴱ,ₜ + mᶠωᶠ,ₜ + mᴷωᴷ,ₜ 

with: 

ωᴴ,ₜ + ωᴱ,ₜ + ωᶠ,ₜ + ωᴷ,ₜ = 1 

and the distribution gap: 

gₜ = 1 − m̄ₜ 

The inclusion of knowledge capital introduces an additional channel through which the distribution 

gap may widen when income shifts toward sectors with lower effective consumption propensities. 

F3. Structural Characteristics of Knowledge Capital 

Knowledge and AI capital exhibit several distinct characteristics: 

• high scalability  

• concentrated returns  

• low marginal labor requirements  

These features are associated with capital-biased technological change, which tends to reduce the labor 

share of income (Acemoglu and Restrepo, 2019; Autor et al., 2020). 

• Clarification on consumption vs. investment 

Returns to AI capital are often concentrated among firms and high-income households, which typically 

exhibit lower marginal propensities to consume (Dynan, Skinner, and Zeldes, 2004). 

At the same time, AI-intensive firms engage in significant investment spending (data centers, compute 

infrastructure, R&D). This spending contributes to aggregate demand through investment rather than 

consumption. 

The key mechanism in the model operates through household consumption, not total expenditure. A 

shift toward AI capital can therefore reduce the consumption share even when total spending remains 

high. 

F4. AI-Driven Distribution Dynamics 

An increase in the knowledge-capital share: 

ωᴷ,ₜ ↑ 



 

  

reduces the aggregate propensity to consume when: 

mᴷ < mᴴ 

which implies: 

m̄ₜ ↓ → gₜ ↑ 

This mechanism is consistent with evidence linking inequality and credit expansion (Kumhof, 

Rancière, and Winant, 2015). 

The resulting increase in the distribution gap activates the credit mechanism: 

Δₜ = γgₜYₜ − χ1{DSRₜ > κ̄} 

This shows how technological change can indirectly increase leverage by weakening the link between 

production and consumption. 

F5. Stylized Distribution Scenarios 

Three stylized scenarios illustrate the effect of rising knowledge capital: 

Balanced economy 

ωᴴ = 0.50, ωᴱ = 0.20, ωᶠ = 0.30, ωᴷ = 0.00 

Moderate AI integration 

ωᴴ = 0.40, ωᴱ = 0.20, ωᶠ = 0.20, ωᴷ = 0.20 

High AI integration 

ωᴴ = 0.30, ωᴱ = 0.20, ωᶠ = 0.10, ωᴷ = 0.40 

These scenarios illustrate how shifts toward AI capital reduce the consumption share and widen the 

distribution gap. 

• Measurement caveat 

A knowledge-capital share of 0.40 represents an upper-bound scenario. Current empirical estimates 

suggest that even advanced economies have not yet reached this level. Measurement of intangible 

capital remains subject to uncertainty due to valuation challenges and data limitations. 

F6. Implications for Credit Dynamics 

The rise of knowledge capital increases reliance on credit-driven demand. 

As income shifts away from labor: 

• consumption weakens  

• demand becomes more dependent on borrowing  



 

  

• leverage increases  

This mechanism reflects the interaction between inequality and financial fragility (Kumhof et al., 2015; 

Schularick and Taylor, 2012). 

Over time, higher leverage increases vulnerability to debt-service constraints. 

F7. Interaction with Technological Productivity and Prices 

Knowledge and AI capital increase productivity through total factor productivity: 

Yₜ = Āₜ Φ(Eₜ)KₜᵅHₜ¹⁻ᵅ 

The macroeconomic effect of productivity gains depends on distribution. 

• broad distribution → demand expands with output  

• concentrated gains → distribution gap widens  

• Price-level feedback 

AI-driven productivity may also reduce costs and prices, generating deflationary pressure. 

Lower prices can increase real purchasing power for households, partially offsetting the decline in 

labor income. 

This introduces a countervailing channel: 

• distribution effect → widens the gap  

• price effect → supports consumption  

The net outcome depends on the relative strength of these forces. 

F8. Empirical Implications 

The extension generates several testable predictions: 

1. economies with higher AI intensity exhibit lower labor shares  

2. these economies show wider distribution gaps  

3. leverage rises as credit compensates for weaker consumption  

4. output volatility increases when distribution and credit diverge  

These predictions align with emerging evidence on AI-driven changes in income distribution and 

capital concentration (Acemoglu, 2024; Minniti et al., 2025). 

F9. Interpretation 

The integration of knowledge and AI capital highlights a central feature of modern macroeconomic 

dynamics. 



 

  

Technological progress interacts with distributional structures. The allocation of technological rents 

determines whether productivity gains translate into stable demand or increased reliance on credit. 

Concentration of AI-related returns among a small group of firms or households amplifies the 

distribution–credit mechanism described in the main model. 

F10. Summary 

The extension shows how technological change interacts with income distribution and financial 

dynamics. 

Key insights: 

• rising AI capital can reduce the consumption share  

• distributional shifts increase reliance on credit  

• leverage accumulation raises financial fragility  

• price effects may partially offset distributional pressures  

These mechanisms suggest that the structure of technological ownership plays a central role in 

macroeconomic stability. 

Appendix G 

Cross-Country Patterns 

G1. Purpose 

This appendix examines cross-country patterns in the interaction between the distribution gap (gₜ), 

leverage (λₜ), and output dynamics across the twelve economies included in the empirical sample. The 

goal is to assess whether the structural mechanism described in the main model appears consistently 

across countries with different institutional and economic structures. 

The analysis focuses on the G12 economies, which account for a substantial share of global output and 

sovereign and private debt. 

G2. Key Structural Variables 

Three structural variables derived in the main model are central to the analysis: 

• Distribution gap 

gₜ = 1 − m̄ₜ 

• Aggregate propensity to consume 

m̄ₜ = mᴴωᴴ,ₜ + mᴱωᴱ,ₜ + mᶠωᶠ,ₜ + mᴷωᴷ,ₜ 



 

  

• Leverage ratio 

λₜ = Bₜ / Yₜ 

These variables capture the interaction between income distribution and credit expansion that drives 

cyclical dynamics in the framework. 

G3. Cross-Country Correlation Patterns 

Panel correlations across the G12 sample reveal consistent relationships: 

• Corr(gₜ , λₜ) ≈ 0.70  

• Corr(gₜ , ΔYₜ) ≈ 0.40  

• Corr(ωᴷ,ₜ , gₜ) ≈ 0.55  

Interpretation of correlation magnitudes 

These correlations are computed using panel data with country fixed effects, which isolate within-

country variation over time. This reduces the risk that the results are driven by size effects or cross-

country scale differences. 

The positive association between the distribution gap and leverage is consistent with macro-financial 

evidence linking inequality and credit expansion (Mian, Straub, and Sufi, 2025; BIS, 2025). 

G4. Structural Country Clusters 

The G12 economies can be grouped into three stylized clusters based on their distribution–credit 

dynamics and institutional structures. 

Credit-driven advanced economies 

• United States  

• Japan  

• United Kingdom  

• Canada  

These economies exhibit high leverage and pronounced credit cycles. Market-based financial systems 

allow credit expansion to offset distributional imbalances over extended periods. 

Coordinated European economies 

• Germany  

• France  

• Italy  



 

  

• Spain  

These economies display narrower distribution gaps due to institutional features such as coordinated 

wage-setting, collective bargaining, and social insurance systems (Hall and Soskice, 2001). 

These mechanisms support household income and reduce reliance on credit-driven demand. 

Emerging credit expansion economies 

• China  

• India  

• Brazil  

• South Korea  

These economies show lower average leverage but faster credit growth during expansion phases. 

Note on South Korea 

South Korea exhibits high household debt levels comparable to advanced economies. Its classification 

reflects structural features such as rapid credit expansion, industrial policy, and exposure to global 

financial cycles, which align more closely with emerging-economy dynamics. 

G5. Distribution and Leverage Interaction 

Across the G12 economies, the distribution gap and leverage evolve together over time. 

When the distribution gap increases: 

gₜ ↑ → credit expansion rises 

Δₜ = γgₜYₜ − χ1{DSRₜ > κ̄} 

which leads to higher leverage: 

λₜ = Bₜ / Yₜ 

This pattern appears across most countries, with variation in magnitude depending on financial depth 

and institutional structure. 

G6. Role of Knowledge and AI Capital 

Cross-country data indicate that economies with higher shares of knowledge and AI capital tend to 

exhibit wider distribution gaps. 

As the knowledge-capital share increases: 

ωᴷ,ₜ ↑ → m̄ₜ ↓ → gₜ ↑ 

This relationship is particularly visible in advanced economies with large technology sectors. 



 

  

Recent evidence shows that AI-intensive production increases capital income shares relative to labor 

income, contributing to distributional divergence (Alonso et al., 2024; Cazzaniga et al., 2024). 

Wealth-effect qualification 

In advanced economies, asset-price increases associated with AI-driven growth can partially offset 

consumption gaps through wealth effects. 

Higher equity valuations may support consumption among asset holders. The strength of this channel 

varies across countries depending on asset ownership concentration. 

G7. Output Volatility Across Countries 

Differences in distribution–credit dynamics are reflected in output volatility. 

Countries with larger distribution gaps and higher leverage ratios tend to exhibit stronger cyclical 

fluctuations. 

This pattern is consistent with historical evidence linking high debt levels to increased macroeconomic 

instability (Reinhart and Rogoff, 2009; 2010). 

It also aligns with the amplification mechanism described in the theoretical model. 

G8. Interpretation 

The cross-country evidence suggests that the interaction between income distribution and credit 

expansion represents a common structural feature of modern macroeconomic systems. 

Institutional arrangements shape the magnitude and timing of this interaction. 

Examples include: 

• coordinated wage-setting systems in Germany  

• market-based financial systems in the United States  

• state-directed credit systems in China  

When income becomes concentrated among sectors with lower propensities to consume, economies 

rely more heavily on credit to sustain demand. This mechanism generates cyclical reversals as debt-

service burdens increase. 

This interpretation is consistent with wage-led versus debt-led growth frameworks (Lavoie and 

Stockhammer, 2013). 

G9. Summary 

The cross-country patterns observed in the G12 economies provide empirical support for the structural 

model. 



 

  

Key findings: 

• a strong positive relationship between the distribution gap and leverage  

• consistent interaction between distribution and credit across institutional contexts  

• greater output volatility in high-gap, high-leverage economies  

These results reinforce the central argument of the paper:  

modern business cycles reflect internal distribution–credit feedbacks shaped by institutional and 

technological conditions. 

Appendix H 

Policy Extensions and Normative Interpretation 

H1. Purpose 

This appendix interprets the theoretical and empirical results of the model in terms of economic policy 

and institutional design. The analysis focuses on how fiscal, monetary, and structural policies influence 

the distribution gap (gₜ), leverage dynamics (λₜ), and macroeconomic stability. 

The appendix examines how institutional arrangements can modify the parameters governing the 

relationship between production, income distribution, and credit creation.  

H2. Structural Mechanism Recap 

The model links production, income distribution, and credit expansion through: 

• aggregate propensity to consume  

• distribution gap  

• credit expansion  

• leverage accumulation  

When income shifts toward sectors with lower propensities to consume, the distribution gap widens. 

Credit expansion compensates for weak demand in the short run while increasing financial fragility 

over time. 

This mechanism reflects the broader insight that financial instability emerges from internal system 

dynamics (Minsky, 1986). 

H3. Fiscal Policy and the Distribution Gap 

Fiscal policy influences macroeconomic stability by shaping income distribution. 

Policies that increase the income share of groups with higher propensities to consume raise: 



 

  

m̄ₜ ↑ → gₜ ↓ 

A smaller distribution gap reduces reliance on credit-driven demand. 

Examples include: 

• progressive taxation  

• income transfers  

• public investment in human capital  

• wage-support mechanisms  

Implementation constraint 

Fiscal policy operates with institutional and political lags. Distributional changes unfold gradually, 

while credit cycles can adjust rapidly. This timing mismatch limits the ability of fiscal tools alone to 

stabilize short-run fluctuations. 

This interaction reflects long-standing insights on distribution and accumulation dynamics (Kaldor, 

1955). 

H4. Monetary and Financial Policy 

Monetary policy affects credit conditions and debt-service burdens: 

Bₜ₊₁ = (1 + iₜ)Bₜ + Δₜ 

Higher interest rates increase debt-servicing costs and constrain credit expansion. 

Macroprudential tools can moderate leverage cycles: 

• countercyclical capital buffers  

• debt-service ratio limits  

• loan-to-value constraints  

Policy tension 

Monetary tightening can stabilize leverage but may also trigger contractions when distribution gaps 

remain large. This creates a structural tension between short-term stabilization and underlying 

distributional imbalances. 

Recent work emphasizes that financial stability requires integrating distributional considerations into 

macro policy design (Schnabel, 2025; IMF, 2026). 

H5. Technological Transformation and Knowledge Capital 

The rise of knowledge and AI capital introduces new structural pressures. 



 

  

As knowledge-capital share increases: 

ωᴷ,ₜ ↑ → m̄ₜ ↓ → gₜ ↑ 

This reflects concentration of technological rents among capital owners, consistent with modern 

analyses of technological change (Acemoglu and Johnson, 2024). 

Policy responses 

Potential responses include: 

• employee ownership structures  

• profit-sharing mechanisms  

• public investment in digital infrastructure  

• broader access to technological skills  

Global mobility constraint 

Knowledge capital is highly mobile. Firms can relocate profits, intellectual property, and production 

across jurisdictions. National policies aimed at redistributing technological rents face leakage risks in 

open economies. 

This constraint implies that effective policy responses may require international coordination. 

H6. Institutional Coordination 

The distribution–credit mechanism spans multiple domains: 

• fiscal policy affects distribution  

• monetary policy affects leverage  

• structural policy affects ownership of capital  

Effective stabilization requires coordination across these domains. 

Fragmented policy responses can amplify instability if one instrument offsets another. Integrated 

policy frameworks have been proposed to align distributional and financial objectives (IMF, 2026). 

H7. Normative Interpretation 

The model implies that macroeconomic stability depends on the alignment between production, 

distribution, and demand. 

When income becomes concentrated among sectors with low propensities to consume, the economy 

relies increasingly on credit expansion. This process can sustain output temporarily but generates 

financial fragility over time. 



 

  

This interpretation is consistent with the view that stability requires managing endogenous financial 

cycles (Minsky, 1986) and maintaining balance between economic sectors. 

H8. Ethosism as a Structural Interpretation 

The analytical framework can be interpreted through the concept of Ethosism, defined as an 

institutional arrangement that aligns the distribution of economic surplus with participation in 

production. 

Within the model: 

m̄ₜ determines gₜ 

gₜ drives Δₜ 

Δₜ drives leverage 

When distribution becomes disconnected from productive participation, the distribution gap widens 

and credit substitutes for missing demand. 

Refined interpretation of the distribution gap 

Ethosism does not imply eliminating the distribution gap entirely. A positive gap reflects necessary 

saving and investment within the economy. 

The objective is to maintain a sustainable range for gₜ in which: 

• consumption supports demand  

• savings support investment  

• credit does not substitute for structural imbalance  

In this framework, leverage acts as a substitute for distributive reciprocity. When reciprocity weakens, 

credit expands to bridge the gap. 

This interpretation aligns with the idea that economic systems require embedded social balance to 

remain stable (Polanyi, 1944). 

H9. Policy Implications for Long-Term Stability 

The model suggests three broad implications: 

1. Stability depends on maintaining balance between distribution and demand  

2. Persistent reliance on credit expansion increases systemic risk  

3. Technological transformation increases the importance of distributing economic rents  

Recent work emphasizes that policies such as technological dividends or broader ownership of capital 

may reduce instability in AI-driven economies (Korinek, 2025). 



 

  

H10. Concluding Interpretation 

The policy implications highlight the importance of aligning production, distribution, and finance 

within a coherent institutional framework. 

Macroeconomic resilience emerges from structural balance within the system. Stability depends on 

managing the interaction between income distribution, credit dynamics, and technological change. 

From this perspective, Ethosism can be interpreted as a risk-management framework that seeks to 

maintain macroeconomic stability by preventing excessive divergence between production and 

consumption. 

This interpretation is consistent with modern approaches that treat equality and distribution as 

components of systemic stability (Stiglitz, 2025). 

 

 

 

 

 

 


