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Abstract: This paper investigates the long-run nexus between wealth inequality and ag-

gregate output using a DSGE model in which wealth inequality endogenously affects in-

dividual entrepreneurship incentives, thereby influencing aggregate output. Our model 

passes the indirect inference test against the UK data from 1870 to 2015. We find that 

shocks to aggregate TFP, entrepreneurial barriers, government grant support and general 

government spending played significant roles in shaping historical inequality dynamics 

in the UK. Directly removing entrepreneurial barriers or indirectly providing government 

grant support to the private sector such as through inclusive loan subsidies are effective 

means of reducing inequality and stimulating output growth.  
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1. Introduction 

The nexus between inequality and output attracts enduring research interest of economists since 

Kuznets (1955). Mainstream theoretical economists often utilize deterministic models to ex-

plore how initial wealth distributions shape the balanced growth path of the macroeconomy 

(Bertola, 1993; Alesina & Rodrik, 1994; Galor & Moav, 2004; Garbinti et al., 2020), whereas 

empirical econometricians frequently rely on reduced-form panel regressions to investigate this 

nexus over short time intervals (Barro, 2000; Banerjee & Duflo, 2003; Bagchi & Svejnar, 2015; 

Ericsson & Molinder, 2020). However, the relationship between wealth inequality and aggre-

gate output is complex and varies over time (Fig. 1): they evolved in the same direction before 

World War I and from the 1990s onward (grey-shaded areas), whereas they exhibited an inverse 

co-movement from 1920 to 1990 (pink-shaded area). These patterns indicate that both the static 

theoretical models and the short-sample empirical estimates are inadequate to fully capture the 

dynamic interaction between inequality and output. To address this limitation, we re-examine 

the long-term relationship between wealth inequality and aggregate output using a dynamic 

structural model. 

To achieve this, we develop a multi-agent dynamic stochastic general equilibrium (DSGE) 

model with heterogeneity in individual wealth levels. At the core of our model is the idea that 

endogenous wealth levels determine individual entrepreneurial barriers, and individuals choose 

to undertake entrepreneurial activities when the expected marginal utility of future returns ex-

ceeds the utility of current consumption sacrificed for entrepreneurial entry costs. Government 

grant support can mitigate the strengthened relationship between entrepreneurship and inequal-

ity by alleviating entrepreneurial barriers for the less wealthy. To empirically validate our model, 

we utilize historical data from the Bank of England (BOE) spanning from 1870 to 2015 and use 

indirect inference (II) to estimate the structural parameters, followed by a series of shock anal-

yses and counterfactual simulations. Our results suggest that rising aggregate TFP and govern-

ment grant support, and reductions in entrepreneurial barriers are key drivers of both output 

growth and the reduction of wealth inequality. Our counterfactual simulations find that if the 

entrepreneurial barriers rate had been reduced by 5% cumulatively in the late 1980s, it would 

have resulted in an additional 55% cumulative output growth and a 4% reduction in inequality 

over the subsequent three decades. Moreover, early and continuous government support to the 

private sector may yield significant long-term benefits.  
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Fig. 1 Wealth Inequality and Aggregate Output in the UK from 1870 to 2015 

 

This paper makes several contributions. Theoretically, we construct a dynamic model that 

captures the evolving relationship between wealth inequality and aggregate output over time 

and across different economic states. In terms of mechanisms, only a limited number of studies 

have explored the interconnected roles of entrepreneurship and inequality in shaping economic 

outcomes. For instance, Cagetti & De Nardi (2006) emphasize how financial constraints, by 

raising collateral requirements, force entrepreneurs—particularly wealthier ones—to operate 

smaller-scale businesses, ultimately reducing inequality. In contrast, our model highlights the 

impact of wealth-driven disparities in entrepreneurial barriers, demonstrating that reducing 

these barriers for less wealthy individuals can enhance productivity while mitigating inequality. 

This approach bridges the gap between the “inequality-entrepreneurship” and “entrepreneur-

ship-output” channels, emphasizing how targeted policies, such as government grant support, 

can mitigate inequality while fostering aggregate economic growth. Empirically, we quantita-

tively explain the effects of various shocks on inequality across different historical periods and 

provide an analysis of the potential effects of hypothetical policy adjustments. The analytical 

framework developed in this paper provides a flexible approach that can be extended to empir-

ical studies beyond the context of the UK. 

The next section conducts a comprehensive literature review. Section 3 sets out our DSGE 

model, followed by a detailed data description in Section 4. Section 5 describes the indirect 

inference method for model estimation and testing. The empirical results are presented in 
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Section 6 before conclusions (Section 7) are drawn. 

2. Related Literature 

Theoretical research on the nexus between wealth inequality and aggregate output has been 

continuously enriched since the 1990s. The prevailing theory is that wealth endowments drive 

individual investment decisions in physical and human capital, and thus aggregate output (Agh-

ion et al., 1999). The seminal literature on this theory can be traced to Galor & Zeira (1993), 

who develop an OLG model in which imperfections in credit markets and the indivisibility of 

human capital investment diversify individual decisions and their labor skills given heteroge-

neous wealth endowments. The broader idea behind this theory is the effect of wealth-induced 

unfairness of opportunity on the drivers of aggregate output. Economists are accustomed to 

interpreting opportunity disparities in the context of the inequality-output nexus in terms of 

heterogeneity in labor skills (Galor & Zeira, 1993; Alesina & Rodrik, 1994; Persson &Tabellini, 

1994), education levels (Maoz & Moav, 1999; Yang & Zhou, 2022), savings preferences (Fish-

man & Simhon, 2002; Galor & Moav, 2004; Garbinti et al., 2020), consumption propensity 

(Foellmi & Zweimüller, 2006; Carroll et al., 2017; Bental & Kragl, 2021), risk-taking ability 

(Foellmi & Oechslin, 2008; Ghiglino & Venditti, 2011) and health status (Martin & Baten, 

2022). However, another crucial aspect of opportunity is overlooked—entrepreneurship. 

The importance of entrepreneurship to economic development has been well established, 

either through the knowledge spillover (Acs et al., 2009; Akcigit & Kerr, 2018) or through the 

improvements in organizational management (Tether & Tajar, 2008; Hervas-Oliver et al., 2016), 

both of which boil down to the entrepreneurial forms of innovation. Furthermore, the fact that 

entrepreneurship is dependent on wealth holdings (Blanchflower & Oswald, 1998; Levine & 

Rubinstein, 2017; Aghion, et al., 2019) and credit constraints (Evans & Jovanovic, 1989; 

Cagetti & De Nardi, 2006; Coibion et al., 2020), is also well established. However, these two 

critical relations have not been effectively integrated in previous literature investigating the 

inequality-output nexus. This paper addresses this gap by providing a comprehensive examina-

tion of the interconnections between wealth inequality, entrepreneurship, and aggregate output. 

Specifically, unlike Cagetti & De Nardi (2006), who assume entrepreneurship as an indivisible 

choice and model increasing default costs for wealthier entrepreneurs, we consider entrepre-

neurship as a divisible activity, where individuals can allocate time between entrepreneurial and 

labor activities. This approach reflects the reality that even entrepreneurs contribute labor to 

manage and operate their businesses (Cagetti & De Nardi, 2006). Moreover, our setup, which 

links entrepreneurial barriers to relative wealth levels, more intuitively captures the fact that 

wealthier individuals are more able to afford high entrepreneurial cost and can more easily 

engage in entrepreneurship. This setting also facilitates the integration of the entrepreneurial 

mechanism into a dynamic framework, rather than limiting it to static analysis.  
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Empirically, the primary approach employed to examine the inequality-output nexus has 

predominantly been the use of panel data analysis, with samples covering numerous countries 

and spanning several years or decades (e.g., Deininger & Squire, 1998; Castelló & Domenech, 

2002; Bagchi & Svejnar, 2015; Ericsson & Molinder, 2020). While these studies have yielded 

insights that are generally less controversial than theoretical models, the identification of causal 

factors remains challenging. The inherent difficulty lies in identifying causation amid the mul-

tifaceted nature of the economic output, where numerous accompanying factors may contribute 

to the observed effects. Reduced-form regressions often struggle to disentangle causes driving 

growth from those driven by it. Moreover, both the choice of estimation method and the com-

position of the sample can have a substantial impact on the estimated nexus (Halter et al., 2014). 

In this context, our study takes a distinctive approach by investigating the long-term inequality-

output nexus within the framework of a DSGE model. The dynamic framework allows for a 

more nuanced examination of the causal mechanisms at play, providing valuable insights into 

how wealth inequality affects economic output over time. Noteworthy among few prior dy-

namic studies is the work of Álvarez-Peláez & Díaz (2005) who set up a Ramsey model with 

the “minimum consumption” constraint for households. Our research is related to this paper in 

the dynamic approach, but with a different mechanism—entrepreneurship.  

3. The DSGE Model 

In this section, we expand on our rigorously-based DSGE model, which features an economy 

comprised of two distinct groups—the wealthy and the less wealthy—each with constant pop-

ulation weights denoted by 𝜇𝑖;  𝑖 =1, 2. The assumption of constant population weights has been 

applied in numerous macroeconomic studies due to data availability (Shi, 1999; Foellmi & 

Zweimüller, 2006; Yang et al., 2024). Although this approach inevitably overlooks long-term 

social mobility across wealth classes, Clark & Cummins (2015) provide a realistic basis for this 

assumption, showing that wealth inheritance across five generations in the UK remained per-

sistently consistent, suggesting that the top wealth group in the UK has been relatively stable 

over a century. 

We model each wealth group as a representative agent who can allocate divisible time 

between entrepreneurial activities and working for their own business (Quadrini, 2000). This 

setting diverges from the approaches of Cagetti & De Nardi (2006) and Bayer et al. (2024), who 

assume that individuals must choose between two mutually exclusive, indivisible states: entre-

preneurship or labor. Although Cagetti & De Nardi (2006) argue that entrepreneurs in their 

model run their “own business” and “use their own labor”—acting both as business owners and 

workers—the indivisible time allocation serves as a useful simplification for models involving 

a large number of heterogeneous individuals. In contrast, our model allows each representative 

agent to allocate divisible time between entrepreneurial activities and regular labor, thereby 
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acknowledging that entrepreneurs must also contribute labor to their ventures. This setting can 

be understood by considering that each representative agent is essentially an aggregation of 

numerous individuals within the same wealth group. While each individual may face a binary 

decision, the aggregation of many individuals leads to a representative agent whose time allo-

cation between entrepreneurship and labor is effectively continuous.  

Both entrepreneurial time and regular labor in our model serve as inputs into their produc-

tion process. Notably, entrepreneurial time affects the individual’s total factor productivity 

(TFP), thereby influencing their output. At the same time, entrepreneurship also entails sunk 

costs, which are typically reflected in administrative taxes and fees in preparation and operation, 

and other non-wage employment expenses. Given that wealthier individuals are either less fi-

nancially constrained or better able to absorb sunk costs, we naturally link individuals’ entre-

preneurial costs to their relative wealth levels, following Hurst & Lusardi (2004). Consequently, 

initial wealth inequality implies that individuals face different entrepreneurial barriers. Each 

agent determines their time allocation by balancing the marginal returns from entrepreneurship 

against the marginal returns from regular labor, ultimately impacting individual output through 

changes in TFP and labor inputs, leading to new wealth effects. This loop can potentially lead 

to a continuous exacerbation of wealth inequality. Government interventions, such as direct tax 

redistribution and inclusive financial support to lower entrepreneurial barriers for the less af-

fluent, effectively mitigate this adverse dynamic. The interactions between these mechanisms 

(as depicted in Fig. 2) helps explain the long-term inequality-output dynamics observed in the 

historical data.  

Fig. 2 Flow chart of the model mechanisms 

 

3.1 Individual Behavior 

We first consider individual decision-making process, which involves maximizing the expected 

utility as represented by equation (1). 𝐶𝑖,𝑡  represents consumption, 𝑁𝑖,𝑡  and 𝑍𝑖,𝑡  denote labor 
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time and entrepreneurship time for agent 𝑖 , respectively. 𝑢𝑖,𝑡  and 𝑣𝑖,𝑡  are idiosyncratic con-

sumption preference shocks and leisure preference shocks.  

 U(𝐶𝑖,𝑡 , 𝑁𝑖,𝑡 , 𝑍𝑖,𝑡) = 𝛷𝑢𝑖,𝑡

(𝐶𝑖,𝑡)
1−𝜓1

1 − 𝜓1
− (1 − 𝛷)𝑣𝑖,𝑡

(𝑁𝑖,𝑡 + 𝑍𝑖,𝑡)
1+𝜓2

1 + 𝜓2
 (1) 

Under the assumption of perfectly competitive labor and capital markets, agents face a 

budget constraint as represented by equation (2). Specifically, after producing output  𝑌𝑖,𝑡 , 

agent 𝑖 pays a proportion 𝜏𝑡 of this output as income tax to the government and earns income 

from holding government bonds, amounting to 𝑟𝑡−1𝑏𝑖,𝑡 , along with a lump-sum transfer 𝑇𝑡 . 

Each agent must then decide how to allocate resources among consumption, investment in their 

own production 𝐼𝑖,𝑡 , (which incurs capital adjustment costs, represented by 𝐴𝐽𝑖,𝑡 ), changing 

bonds purchasing  𝑏𝑖,𝑡+1 − 𝑏𝑖,𝑡 , and covering the sunk costs associated with entrepreneur-

ship 𝜑𝑖,𝑡𝜋𝑡𝑍𝑖,𝑡. The sunk costs are composed of the entrepreneurial time allocation 𝑍𝑖,𝑡, the unit 

cost of entrepreneurial time 𝜋𝑡, and a wealth-group-specific markup 𝜑𝑖,𝑡. These costs represent 

necessary expenditures such as administrative fees, non-wage labor costs, and other operational 

expenses incurred during the establishment and management of a business.  

 (1 − 𝜏𝑡)𝑌𝑖,𝑡 + 𝑟𝑡−1𝑏𝑖,𝑡 + 𝑇𝑡 = 𝐶𝑖,𝑡 + (𝑏𝑖,𝑡+1 − 𝑏𝑖,𝑡) + (𝐼𝑖,𝑡 + 𝐴𝐽𝑖,𝑡) + 𝜑𝑖,𝑡𝜋𝑡𝑍𝑖,𝑡 (2) 

𝐼𝑖,𝑡 is calculated as 𝐾𝑖,𝑡 − (1 − 𝛿)𝐾𝑖,𝑡−1, where 𝐾𝑖,𝑡−1 represents the capital stock at the be-

ginning of period 𝑡. 𝐴𝐽𝑖,𝑡 is given by 𝛤(𝐼𝑖,𝑡 𝐾𝑖,𝑡−1⁄ )𝐾𝑖,𝑡−1 is the capital adjustment cost. Since 

our focus is not on the micro-level details of firms’ investment costs, we use a quadratic adjust-

ment cost, known as the “Hayashi” form (Hayashi, 1982), which is sufficient to capture aggre-

gate investment behavior (Thomas, 2002).  

𝐴𝐽𝑖,𝑡 =
𝜉

2
(

𝐼𝑖,𝑡

𝐾𝑖,𝑡−1
− 𝛿)

2

𝐾𝑖,𝑡−1 =
𝜉

2

(𝐾𝑖,𝑡 − 𝐾𝑖,𝑡−1)
2

𝐾𝑖,𝑡−1
 

Given that the economy is divided into two wealth groups with relatively stable member-

ship within each group, we simply assume that each group’s representative agent employs their 

own labor and capital for closed production, following the form of equation (3). In this paper, 

entrepreneurship serves as a form of innovation, either through knowledge spillovers (Akcigit 

& Kerr, 2018) or through improvements in organizational management (Hervas-Oliver et al., 

2016), and its return is reflected in enhanced TFP. Therefore, we endogenize individual 

TFP 𝐴𝑖,𝑡 as a function of entrepreneurial time 𝑍𝑖,𝑡 and the TFP growth shock 𝑣𝐴,𝑡, as described 

in equation (4). 𝑣𝐴,𝑡 with a mean of 1, represents either the success rate of entrepreneurship or 
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the inherent risk involved, which is homogeneous across all individuals.  

 𝑌𝑖,𝑡 = 𝐴𝑖,𝑡(𝐾𝑖,𝑡−1)
𝛼

(𝑁𝑖,𝑡)
1−𝛼

 (3) 

 
𝐴𝑖,𝑡+1

𝐴𝑖,𝑡
= 𝜃1 + 𝜃2𝑍𝑖,𝑡𝑣𝐴,𝑡 (4) 

As the model is deliberately simple, one can easily obtain the following optimal decisions 

from first order conditions. Following Yang et al. (2024), we approximate the optimal decision 

rule for 𝑍𝑖,𝑡 full of complexity to equation (5) where 𝜃3 = 𝜃2𝛽 [(1 + 𝑔𝑌𝑖,𝑡)
𝜓1−1

− 𝛽]⁄ . See Ap-

pendix A for Lagrange optimization and the full model listing. 

 (1 − 𝜏𝑡)(1 − 𝛼)
𝑌𝑖,𝑡

𝑁𝑖,𝑡
+ 𝜑𝑖,𝑡𝜋𝑡 = 𝑣𝐴,𝑡

𝐴𝑖,𝑡

𝐴𝑖,𝑡+1

(1 − 𝜏𝑡)𝑌𝑖,𝑡𝜃3 (5) 

Given a perfectly competitive labor market, (1 − 𝛼)𝑌𝑖,𝑡/𝑁𝑖,𝑡 represents the implicit real 

wage rate 𝑤𝑖,𝑡 for agent 𝑖. The term 𝜑𝑖,𝑡𝜋𝑡 represents the entrepreneurial cost that must be borne 

when giving up one unit of regular labor time to engage in entrepreneurial activities. Therefore, 

we can interpret 𝜑𝑖,𝑡𝜋𝑡/𝑤𝑖,𝑡 as the relative opportunity cost of one unit of entrepreneurial time. 

We define the variable  𝜋𝑡
′ = 𝜋𝑡 𝑤̅𝑡⁄   as the entrepreneurial barriers rate, and the new 

markup 𝜑𝑖,𝑡
′  captures the difference between 𝑤𝑖,𝑡 and the average wage rate 𝑤̅𝑡. Consequently, 

equation (5) can be rewritten as equation (6) and further linearized to obtain equation (7). 

ln𝜋𝑡
′  follows an AR(1) process. 

 
𝐴𝑖,𝑡+1

𝐴𝑖,𝑡
=

(1 − 𝜏𝑡)𝜃3

(1 − 𝜏𝑡 + 𝜑𝑖,𝑡
′ 𝜋𝑡

′)(1 − 𝛼)
𝑁𝑖,𝑡𝑣𝐴,𝑡 (6) 

 ln𝐴𝑖,𝑡+1 − ln𝐴𝑖,𝑡 = 𝜙1,𝑖 − 𝜙2,𝑖 (ln𝜋𝑡
′ + ln𝜑𝑖,𝑡

′ +
𝜏𝑡

1 − 𝜏
) + ln𝑁𝑖,𝑡 + 𝜀𝐴,𝑡 (7) 

 ln𝜋𝑡
′ = γ𝜋ln𝜋𝑡−1

′ + 𝜀𝜋,𝑡 (8) 

3.2 Markup of Barriers Rate and Government Intervention 

Agent 𝑖 ’s markup 𝜑𝑖,𝑡
′   measures the additional entrepreneurial barriers faced relative to the 
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societal average. It is well-documented that wealthy individuals tend to face fewer entrepre-

neurial barriers due to advantages such as lower financing costs, stronger bargaining power, 

and extensive social networks (Levine & Rubinstein, 2017; Coibion et al., 2020). Therefore, 

we standardize the markup for the wealthy to one, i.e., 𝜑1,𝑡
′ = 1 and specify 𝜑2,𝑡

′  for the less 

wealthy as being negatively related to their relative wealth, 𝐾2,𝑡−1/𝐾1,𝑡−1.  

In the absence of government intervention, credit market preferences for wealthier entre-

preneurs would ultimately lead to an uncontrolled exacerbation of inequality. However, numer-

ous studies have shown that government intervention such as guarantees and bailouts effec-

tively prevents this undesirable outcome, and these fiscal windfalls and increased subventions 

have played a crucial role in protecting smaller and younger enterprises (Moro et al., 2020; Bi 

et al., 2024; Garmaise & Natividad, 2024). Based on this solid body of evidence, we further 

incorporate the government grant support ratio to the private sector (𝐺𝑆𝑡) into the markup for 

the less wealthy, 𝜑2,𝑡
′ , which results in the final form represented by equation (9). The linearized 

version of this relationship is given in equation (10).  

 𝜑2,𝑡
′ = (𝐾1,𝑡−1/𝐾2,𝑡−1)

𝜌1
𝐺𝑆𝑡

−𝜌2 (9) 

 ln𝜑2,𝑡
′ = 𝜌1(ln𝐾1,𝑡−1 − ln𝐾2,𝑡−1) − 𝜌2ln𝐺𝑆𝑡 (10) 

Government spending is divided into two categories: general spending 𝐺𝑡, which follows 

an exogenous AR(1) process as described by equation (12), and spending on private grant sup-

port, 𝐺𝑡(𝐺𝑆𝑡 − 𝜀𝐶𝑅,𝑡), where 𝜀𝐶𝑅,𝑡 represents the shock to the support rate 𝐺𝑆𝑡. Both categories 

of spending are funded through income tax revenues collected from residents. This balance of 

payments for the government is represented by equation (11) where 𝑌𝑡 is the aggregate output.  

 𝐺𝑡 + 𝐺𝑡(𝐺𝑆𝑡 − 𝜀𝐶𝑅,𝑡) = 𝜏𝑡𝑌𝑡 (11) 

 ln𝐺𝑡 = γ𝐺ln𝐺𝑡−1 + 𝜀𝐺,𝑡 (12) 

3.3 Aggregate Economy 

To close the model, we aggregate the budget constraints of the two representative agents ac-

cording to their population weights, and assume that the bond market clears via Walras’ Law, 
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yielding the initial market clearing condition:  (1 − 𝜏𝑡)𝑌𝑡 − 𝜋𝑡 ∑ 𝜇𝑖𝜑𝑖,𝑡𝑍𝑖,𝑡 + 𝑇𝑡 = 𝐶𝑡 + 𝐾𝑡 −

(1 − 𝛿)𝐾𝑡−1 + ∑ 𝜇𝑖𝐴𝐽𝑖,𝑡. For simplicity, we assume that the government’s lump-sum transfer 

payments, 𝑇𝑡, are funded by the total entrepreneurial costs paid by individuals, and that the 

aggregate capital adjustment cost constitutes an aggregate error term 𝜖𝑥,𝑡. Finally, we derive the 

ultimate market clearing conditions for the economy, represented by the aggregate variables 

(equations (13)-(15)) and expressed in the final form as equation (16). See Appendix A for the 

full model listing.  

 𝑌𝑡 = 𝜇1𝑌1,𝑡 + 𝜇2𝑌2,𝑡 (13) 

 𝐾𝑡 = 𝜇1𝐾1,𝑡 + 𝜇2𝐾2,𝑡 (14) 

 𝐶𝑡 = 𝜇1𝐶1,𝑡 + 𝜇2𝐶2,𝑡 (15) 

 (1 − 𝜏𝑡)𝑌𝑡 = 𝐶𝑡 + 𝐾𝑡 − (1 − 𝛿)𝐾𝑡−1 + 𝜖𝑥,𝑡 (16) 

4. UK Data over Two Centuries 

In this section, we present a comprehensive overview of our data, encompassing meticulous 

deliberation on sampling, sources, measurements, and treatments to ensure accuracy and rele-

vance for our research objectives. The mid-19th century marked a pivotal point in the develop-

ment trajectory of industrialized nations, transitioning from the Malthusian epoch to the mature 

phase of the industrialization process (Galor, 2018). In parallel, the formation of a complete 

labor market and labor organizations were gradually established, evidenced by the emergence 

of numerous “new model” unions in Britain and the US during the 1860s and the enactment of 

the Trade Unions Act in Britain in 1871 (Mathias & Postan, 1978). To align our research with 

these historical milestones, we select the sample period from 1870 to 2015. Our data is drawn 

from authoritative sources, primarily the Bank of England (BOE) database, “A Millennium of 

Macroeconomic Data,” and the World Inequality Database (WID), both of which are widely 

recognized and utilized in academic research. 

4.1 Data Without Special Preprocessing  

The following data require no specialized treatment and are directly sourced from the afore-

mentioned databases. Real GDP and real household consumption, both measured in chained 
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volume at 2013 market prices, are used to represent aggregate output and consumption, respec-

tively.1 The real interest rate is calculated by taking the annual average of the three-month rate, 

adjusted for one-year-ahead inflation expectations at the beginning of each year. Aggregate la-

bor is measured by multiplying the total number of employees by their weekly working hours, 

then dividing by the total weekly hours of the entire population. This straightforward method-

ology effectively accounts for both the relative labor participation rate and the impact of popu-

lation growth on the labor force.  

We also consider a time-varying capital share (𝛼), which is calculated as one minus the 

labor share collected from the BOE database. This approach allows us to capture the true vari-

ation in output over the long term. Additionally, aggregate productivity is measured by the 

Solow residual from the aggregate Cobb-Douglas production function, with capital services and 

aggregate labor as inputs.  

4.2 Data With Preprocessing 

A conventional method for estimating domestic capital stock involves using the capital stock 

formation formula 𝐾𝑡 = 𝐼𝑡 + (1 − 𝛿)𝐾𝑡−1 where 𝐾𝑡 stands for the capital stock at the beginning 

of the next period (𝑡 + 1). However, this approach poses challenges, such as accounting for 

variations in the depreciation rate over extended periods and ensuring consistency with the 

model’s capital adjustment costs (Piketty, 2014). To address these issues, we adopt the national 

wealth minus net foreign assets approach, following Piketty & Zucman (2014), which provides 

a more consistent estimation.  

Entrepreneurial barriers could occur due to a number of reasons, but constructing an indi-

cator that captures all of the factors that influence entrepreneurship over such a long period of 

time is almost impossible. To estimate the aggregate entrepreneurial barriers rate (𝜋𝑡
′), we draw 

on well-documented findings by Djankov et al. (2010) and Kanniainen & Leppämäki (2009) 

that the increases in tax burdens and in trade union power are significantly detrimental to en-

trepreneurial activities. The rate is calculated as the average of the ratio of trade union members 

(TUM) to total employees and the ratio of indirect taxes to GDP.2 This composite indicator 

simply takes into account the impact of both output-side (e.g., the impact of various indirect 

 
1 Break-adjusted data are used to account for the secession of Southern Ireland from the UK (Great Britain and 

Northern Ireland) in 1922. All data are presented in their original form without stationarization, as such transfor-

mation could alter the implied shocks. Non-stationarity does not pose an obstacle to the indirect inference estima-

tion method employed in this paper. 
2 Indirect taxes in the UK, including taxes on production and productivity such as VAT, excise duties, and customs 

duties, among others, when combined with the trade union membership (TUM) ratio, can serve as an effective 

measure of the overall entry barrier associated with entrepreneurial activities. This measure is distinct from the 

income tax 𝜏𝑡. To maintain additivity, both the TUM ratio and the indirect tax revenue over GDP are normalized 

by dividing each by its respective average. 
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taxes on market dynamism) and input-side (e.g., the impact of trade unions on labor costs) 

factors on entrepreneurial barriers. Income tax is charged for both groups of individuals in our 

model and thus we measure this average income tax rate by the ratio of direct taxes on income 

and wealth to GDP. Government support (𝐺𝑆𝑡 ), representing the proportion of government 

credit support extended to the private sector, is calculated as the ratio of grants to personal sector 

to total government expenditure, based on data from the BOE.  

Individual income and individual capital are estimated using a combination of group 

shares and aggregate values. Leveraging data from WID, we gather information on the top 10% 

and bottom 90% shares of income and capital, supplementing any missing data through spline 

interpolation (see Fig. 1 for inequality trends). Individual consumption is determined by indi-

vidual budget constraints once borrowing dynamics reach equilibrium. The labor force for in-

dividuals is approximated using aggregate value, while individual productivity is measured us-

ing Solow residuals derived from individual production functions. 

While “net personal wealth” data from the WID forms the basis of our analysis, it is im-

portant to clarify that this measure encompasses a broader range of assets than productive cap-

ital. Regarding the transformation of wealth into productive capital, we understand this process 

as an aggregation of various asset types, each contributing to production through distinct mech-

anisms. For example, housing wealth can generate rental income through leasing functions, 

while equity investments yield profits through traditional production processes. These different 

streams are consolidated into a single production function for each wealth group, allowing us 

to capture the aggregate productive capacity of wealth without explicitly modeling each asset 

type. While this approach abstracts from the details of wealth composition, it aligns with our 

model’s focus on macroeconomic dynamics over long historical periods. In addition, we adopt 

a conservative two-agent framework, where the less wealthy group aggregates a diverse popu-

lation, including individuals with little or no business wealth and even those with negative net 

wealth. This approach mitigates discrepancies between the model and empirical data, smooth-

ing outliers in the wealth distribution’s left tail.  

4.3 Presentation of Historical Data 

Fig. 3 illustrates the historical trends of real output per capita, real capital per capita, and real 

consumption per capita in the UK from 1870 to 2015. At an aggregate level, all three indicators 

exhibit an overall upward trend over the long term. However, significant downturns are evident 

during key historical events, including both World Wars, the post-war recession of the 1970s, 

the early 1990s recession, and the 2007 financial crisis. Among these three metrics, capital stock 

experienced the most pronounced negative impact during these periods of economic distress. 

From a distributional perspective, the top 10% share of output, capital, and consumption 



Accepted Version by Macroeconomic Dynamics 

13 

 

exhibited more substantial fluctuations, particularly in the case of capital stock. This heightened 

volatility led to the “flat Z” pattern in wealth/capital inequality depicted in Fig. 1.  

Fig. 4 presents the historical trends of other variables and time-varying parameters in the 

UK. Among the variables depicted, real government spending per capita stands out, showing a 

generally steady increase over time. However, during both World Wars, government spending 

surged significantly, reflecting heightened fiscal needs. Consistent with this, the proportional 

income tax rate (𝜏) also increased dramatically during the two wars, indicating an intensified 

fiscal effort to support wartime expenditures. In contrast to overall government spending, gov-

ernment support to the private sector experienced sharp declines during both World Wars, fol-

lowed by rapid increases during the post-war recovery phases. This pattern suggests the crucial 

role of government grant support to the private sector in fostering economic recovery, which 

aligns with the conceptual foundation of our model.  

Fig. 3 Real output, capital and consumption in the UK from 1870 to 2015 

 

The share of capital in the production function (𝛼) and the capital depreciation rate (𝛿) 

also exhibited notable changes over the long term. Particularly, 𝛿, defined as the ratio of the 

composite value of capital consumption to domestic capital stock, showed a substantial rise 

during World War I, indicating significant capital destruction. As noted by Piketty (2014) and 

Karabarbounis & Neiman (2014), a rising depreciation rate is associated with an increase in the 

capital-output or wealth-income ratio, contributing to the decline in the labor share of output 

and worsening inequality after the 1970s and vice versa at the beginning of the 20th century. 
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Therefore, treating both 𝛼 and 𝛿 as time-varying parameters is crucial for capturing these his-

torical dynamics effectively.  

Fig. 4 Time series plots for other variables and time-varying parameters 

 

5. Parameter Estimation Methodology 

Our model involves a substantial number of structural parameters. For common parameters that 

can be inferred from observed data, we calibrate directly based on sample data and relevant 

literature. Meanwhile, we employ indirect inference (II), a structural estimation method, to es-

timate the values of other parameters. This section provides the principles and application of 

the II estimation method. Structural estimation offers inherent advantages over reduced-form 

regressions in identifying a model’s internal mechanisms and conducting counterfactual analy-

sis. It involves generating simulated data from the structural model by incorporating stochastic 

shocks and comparing its properties to those of the actual data. If both the model specification 

and parameter values are correct, the properties of the actual data should align with those of the 

simulated data distribution at a critical minimum probability. Recent applications of the II 

method are found in Le et al. (2017), Fu & Gregory (2019), Dong et al. (2019, 2023), Gala et 

al. (2020), Aronsson et al. (2022) and Yang et al. (2024). 

To explain how II works, let 𝜽 and 𝜷 denote the structural model parameters and auxiliary 

model parameters, respectively. We test the null hypothesis 𝜽 = 𝜽𝟎 for a given set of structural 

parameter values 𝜽𝟎. First, we use the actual data to estimate the auxiliary model parameters, 𝜷̂. 

Next, we simulate 𝑆  samples using the structural model and the actual data with  𝑆  sets of 
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stochastic shocks, then estimate the auxiliary model parameters for each simulated sample to 

obtain the estimators 𝜷̃𝒔(𝜽𝟎), where 𝑠 = 1, ⋯ , 𝑆. Under the null hypothesis, 𝜷̂ and the average 

of 𝜷̃𝒔(𝜽𝟎) (i.e., 𝜷̃𝒔(𝜽𝟎)̅̅ ̅̅ ̅̅ ̅̅ ̅ = ∑ 𝜷𝒔̃(𝜽𝟎) 𝑆⁄ ) are convergent. The following Wald statistic, 𝑊𝑎𝑙𝑑𝑎, 

which asymptotically follows a 𝜒2 distribution with degrees of freedom equal to the number of 

elements in 𝜷, is used as the criterion:  

𝑊𝑎𝑙𝑑𝑎 = [𝜷̂ − 𝜷̃𝒔(𝜽𝟎)̅̅ ̅̅ ̅̅ ̅̅ ̅]
′

Ω−1 [𝜷̂ − 𝜷̃𝒔(𝜽𝟎)̅̅ ̅̅ ̅̅ ̅̅ ̅] 

where 𝛀 is the variance-covariance matrix of 𝜷̂ − 𝜷̃𝒔(𝜽𝟎).  

Next, we replace 𝜷̂  in 𝑊𝑎𝑙𝑑𝑎  by 𝜷̃𝒔(𝜽𝟎)  for each 𝑠 = 1, ⋯ , 𝑆  to compute an alternative 

Wald statistic, 𝑊𝑎𝑙𝑑𝑠. If the null hypothesis is true, 𝑊𝑎𝑙𝑑𝑎 and {𝑊𝑎𝑙𝑑𝑠} should come from the 

same 𝜒2 distribution. Therefore, we conclude that if 𝑊𝑎𝑙𝑑𝑎 is less than the one-tailed critical 

value of the 𝜒2 distribution based on the simulated {𝑊𝑎𝑙𝑑𝑠} for a given confidence interval, the 

null hypothesis cannot be rejected, indicating that the estimated model is true. 

5.1 Auxiliary model 

The II method differs from another prevailing structural estimation method—Simulated Mo-

ment Method (SMM)—in terms of the auxiliary model and the stochastic process. SMM typi-

cally sets moments (mean, variance or covariance) as the auxiliary model. In contrast, the aux-

iliary model in II can take various forms, such as vector autoregression model (VAR), vector 

error correction model (VECM), impulse response function, or moments. Given the significant 

changes in long-run historical data, moments are unsuitable as an auxiliary model in this study. 

A VARX(1) (i.e., VAR(1) with non-stationary variables X that drive the model solution) has 

been proved to be a well approximation of a DSGE model with non-stationary exogenous var-

iables (Le et al. (2017).3 Therefore, after thoroughly examining the Granger causality relation-

ships among the endogenous variables (the selected variables and their causal estimates are 

presented in Table 1), we choose the following form for the VARX(1):  

[

 ln𝑌𝑡   
 ln𝐾𝑡  
 ln𝐾1,𝑡

] = 𝜷𝑽𝑨𝑹 ∙ [

 ln𝑌𝑡−1   
 ln𝐾𝑡−1  
 ln𝐾1,𝑡−1

] + 𝜶𝑽𝑨𝑹 ∙ 𝑿𝒕 + [

 𝜀1,𝑡 

𝜀2,𝑡

𝜀3,𝑡

] ;     𝜷𝑽𝑨𝑹 = [

𝛽𝑉𝐴𝑅,1 𝛽𝑉𝐴𝑅,2 𝛽𝑉𝐴𝑅,3

𝛽𝑉𝐴𝑅,4 𝛽𝑉𝐴𝑅,5 𝛽𝑉𝐴𝑅,6

𝛽𝑉𝐴𝑅,7 𝛽𝑉𝐴𝑅,8 𝛽𝑉𝐴𝑅,9

] 

where 𝜷𝑽𝑨𝑹 and 𝜶𝑽𝑨𝑹 are coefficient matrices, and 𝑿𝒕 is a vector of the exogenous non-station-

ary variables, including ln𝐴1,𝑡−1, ln𝐴2,𝑡−1 and a time trend. The auxiliary parameter vector used 

for computing the Wald statistic includes all the 9 elements in 𝜷𝑽𝑨𝑹 and the 3 variances of the 

 
3 Le et al. (2017) find that a VARX with one-period lag and 3 or more endogenous variables typically has a great 

rejection power, while raising the order or the number of variables further would boost the rejection power so 

much that any hope of seeking a tractable model not to be rejected would be hard. 
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VARX residuals. The 𝜒2 distribution that 𝑊𝑎𝑙𝑑𝑎 asymptotically follows has 12 degrees of free-

dom.  

Table 1. Granger Test on the Auxiliary Model 

Equation Null hypothesis 𝝌𝟐 statistic df P-value 

ln𝑌 ln𝐾 & ln𝐾1 cannot Granger-causes ln𝑌 jointly 9.3393 2 0.94% 

ln𝐾 ln𝑌 & ln𝐾1 cannot Granger-causes ln𝐾 jointly 6.2782 2 4.33% 

ln𝐾1 ln𝑌 & ln𝐾 cannot Granger-causes ln𝐾1 jointly 6.2857 2 4.32% 

Note: The test results for the above three endogenous variables indicate causal relationships among them, confirm-

ing that they are suitable for forming the VAR. Furthermore, identification deteriorates when any of the endoge-

nous variables is replaced by another, supporting the appropriateness of the specified auxiliary model. 

5.2 Simulation 

Our approach to running simulations includes the following steps: 

 Step1: Given the null hypothesis and the actual data, we first recover the structural shocks 

from the structural model, which is different from many SMMs that employ artificial shocks. 

For each structural error, we estimate its stochastic process and collect the regression resid-

uals called the “structural innovations”. 

 Step2: In consideration of non-stationary productivity evolutions, we solve the model nu-

merically to achieve the path of endogenous variables without structural innovations. 

 Step3: We bootstrap the structural innovations and combine the solved paths of endogenous 

variables to generate simulations. 

The procedure of our II estimation is summarized in Fig. 5. 
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Fig. 5 The Flowchart of II Estimation Procedure 

 

6. Baseline Empirical Results 

This section presents the baseline results for the estimated model. First, we provide the cali-

brated and II-estimated structural parameter values and evaluate the efficiency of the estimation. 

We then analyze the model’s responses to temporary shocks and historical shocks, identifying 

the primary contributors to both output and inequality over the span of two centuries. 

6.1 Parameters and II Estimation Efficiency 

Our model listing includes 13 parameters that can be directly calibrated using sample averages 

and relevant literature. Among these, 10 parameters are constants, while the remaining 3 are 

time-varying, as detailed in Section 4. Table 2 summarizes the economic interpretation and 

values assigned to these parameters. We employ the II method to estimate the other 8 structural 

parameters in the model, whose interpretations and estimated values are presented in Table 3. 

Notably, the estimated marginal effect of barriers rate on individual TFP for the less wealthy is 

significantly higher than for the wealthy (𝜙2,1 < 𝜙2,2), indicating that the less wealthy are more 

sensitive to entrepreneurial barriers. This finding underscores the importance of government 

grant support. 
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Table 2. Calibrated Parameters 

Economic Interpretation Symbol Value 

Constant Parameters   

Consumption weight in individual utility 𝛷 0.500 

Utility discount rate 𝛽 0.970 

Population weight of the wealthy 𝜇1 0.100 

Population weight of the less wealthy 𝜇2 0.900 

Steady-state aggregate output/consumption ratio 𝑌/𝐶 1.561 

Steady-state aggregate capital/consumption ratio 𝐾/𝐶 5.915 

Steady-state real interest rate 𝑟 0.020 

Drift in linearized productivity equation for group i 𝜙1,𝑖 0.016 

Coefficient of lagged term in Gov. spending AR(1) γ𝐺  1.002 

Coefficient of lagged term in barriers rate AR(1) γ𝜋 0.987 

Time-varying Parameters   

Share of capital in Cobb-Douglas production 𝛼 0.21~0.42 (mean 0.29) 

Capital depreciation rate 𝛿 0.01~0.05 (mean 0.02) 

Proportional income tax rate 𝜏 0~0.2 (mean 0.09) 

Table 3. Estimated Parameters 

Economic Interpretation Symbol Value 

Elasticity of consumption in individual utility 𝜓1 0.840 

Elasticity of leisure in individual utility 𝜓2 0.980 

Factor of capital adjustment cost 𝜉 0.930 

Individual labor’s response factor to productivity growth 𝜂3 0.820 

Marginal effect of barriers rate on individual TFP for the wealthy 𝜙2,1 0.050 

Marginal effect of barriers rate on individual TFP for the less wealthy 𝜙2,2 0.400 

Marginal effect of relative capital gap on barriers rate for the less wealthy 𝜌1 0.070 

Marginal effect of Gov. support on barriers rate for the less wealthy 𝜌2 0.063 

Given the structural estimates, the critical value for the 95% confidence interval of 

the  𝜒2  distribution from 1,000 simulated samples is 28.1, which is greater than the ac-

tual 𝑊𝑎𝑙𝑑𝑎 statistic of 21.5, with a p-value of 6.5%. This indicates that the null hypothesis—

both the model specification and the structural estimators are true—cannot be rejected (Fig. 

6(a)). Additionally, the final model-generated simulations, averaging across 1000 samples, 

closely replicate the “flat Z” pattern of wealth inequality observed in the UK over the past two 

centuries (Fig. 6(b)). This suggests that our model effectively captures key factors driving the 

long-term evolution of wealth inequality in the UK.  
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Fig. 6 II Estimation Efficiency 

 

6.2 Temporary Impulse Response and Historical Shock Decomposition 

Using the estimated model, we can clearly observe the dynamic impact of different shocks on 

the macroeconomy. In line with the model specification, we identify eight distinct structural 

errors, as introduced in Table 4. To analyze the evolution of each error, we rigorously perform 

stationarity tests, which provide insights into the temporal behavior of individual structural er-

rors. Subsequently, the residuals from these tests are collected as true historical shocks.  

Table 4. Structural Errors 

Economic Interpretation Symbol AR coefficient 

Aggregate TFP error 𝜀𝐴,𝑡 0.459 

Consumption preference error for the wealthy 𝜀𝐶1,𝑡 0.713 

Consumption preference error for the less wealthy 𝜀𝐶2,𝑡 0.712 

Labor supply error for the wealthy 𝜀𝑁1,𝑡 0.538 

Labor supply error for the less wealthy 𝜀𝑁2,𝑡 0.660 

Government spending error 𝜀𝐺,𝑡 0.528 

Credit expansion rate 𝜀𝐺𝑆,𝑡 0.823 

Aggregate entrepreneurial barriers rate 𝜀𝜋,𝑡 0.349 

In a complex economy, even very brief shocks can result in widespread effects that persist 

far beyond the duration of the shock itself. To capture these effects, we generate eight types of 

temporary shocks (defined as one standard deviation of each type of historical shock) and in-

dependently impose them on the stable economy depicted by our model. We then observe the 

responses of key macroeconomic indicators—aggregate output, capital, consumption, and 

wealth inequality—over subsequent periods, in what is known as an impulse response analysis.  
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We start by examining four idiosyncratic shocks. Given the asymmetry of these shocks 

between the two groups, it is intuitive to expect an inevitable impact on inequality. Aggregate 

temporary shocks undoubtedly affect macroeconomic indicators, but they also have distribu-

tional consequences (Fig. 8). Our results first confirm the positive role of inclusive technolog-

ical progress in both economic growth and redistribution (Fig. 8(a)). The redistributive effect 

can be understood as sustained productivity gains driven by accelerated capital accumulation 

among the less wealthy, which spurs entrepreneurial activities. Temporary increases in govern-

ment grant support also sustainably enhance output and reduce inequality, although the output 

effect is relatively modest (Fig. 8(c)). However, a temporary reduction in entrepreneurial barri-

ers (a negative shock) yields the most favorable outcomes in terms of both output and redistri-

bution (Fig. 8(d)). Conversely, a temporary surge in general government spending crowds out 

grant support to the private sector, resulting in adverse effects on both output and redistribution 

(Fig. 8(b)). Thus, when balancing output growth with inequality reduction, a potential “free 

lunch” policy recommendation is to reduce overall entrepreneurial barriers or increase govern-

ment grant support to the private sector. These efforts appear more feasible than striving for 

substantial inclusive TFP growth.  

Fig. 7 confirms this intuition, but each idiosyncratic shock also has prolonged effects on 

aggregate economic outcomes. Specifically, a temporary surge in consumption demand by the 

wealthy (Aggregate temporary shocks undoubtedly affect macroeconomic indicators, but they 

also have distributional consequences (Fig. 8). Our results first confirm the positive role of 

inclusive technological progress in both economic growth and redistribution (Fig. 8(a)). The 

redistributive effect can be understood as sustained productivity gains driven by accelerated 

capital accumulation among the less wealthy, which spurs entrepreneurial activities. Temporary 

increases in government grant support also sustainably enhance output and reduce inequality, 

although the output effect is relatively modest (Fig. 8(c)). However, a temporary reduction in 

entrepreneurial barriers (a negative shock) yields the most favorable outcomes in terms of both 

output and redistribution (Fig. 8(d)). Conversely, a temporary surge in general government 

spending crowds out grant support to the private sector, resulting in adverse effects on both 

output and redistribution (Fig. 8(b)). Thus, when balancing output growth with inequality re-

duction, a potential “free lunch” policy recommendation is to reduce overall entrepreneurial 

barriers or increase government grant support to the private sector. These efforts appear more 

feasible than striving for substantial inclusive TFP growth.  

Fig. 7(a)) significantly boosts aggregate consumption but also reduces overall capital ac-

cumulation, ultimately lowering aggregate output. As a result, even though this shock initially 

reduces inequality, it comes at the cost of a longer-term decline in total output, which eventually 

affects other groups and leads to a resurgence of inequality. Similarly, a temporary increase in 

consumption demand by the less wealthy exacerbates inequality while also presenting similar 
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aggregate economic challenges. Aggregate temporary shocks undoubtedly affect macroeco-

nomic indicators, but they also have distributional consequences (Fig. 8). Our results first con-

firm the positive role of inclusive technological progress in both economic growth and redistri-

bution (Fig. 8(a)). The redistributive effect can be understood as sustained productivity gains 

driven by accelerated capital accumulation among the less wealthy, which spurs entrepreneurial 

activities. Temporary increases in government grant support also sustainably enhance output 

and reduce inequality, although the output effect is relatively modest (Fig. 8(c)). However, a 

temporary reduction in entrepreneurial barriers (a negative shock) yields the most favorable 

outcomes in terms of both output and redistribution (Fig. 8(d)). Conversely, a temporary surge 

in general government spending crowds out grant support to the private sector, resulting in 

adverse effects on both output and redistribution (Fig. 8(b)). Thus, when balancing output 

growth with inequality reduction, a potential “free lunch” policy recommendation is to reduce 

overall entrepreneurial barriers or increase government grant support to the private sector. 

These efforts appear more feasible than striving for substantial inclusive TFP growth.  

Fig. 7(c) and Aggregate temporary shocks undoubtedly affect macroeconomic indicators, 

but they also have distributional consequences (Fig. 8). Our results first confirm the positive 

role of inclusive technological progress in both economic growth and redistribution (Fig. 8(a)). 

The redistributive effect can be understood as sustained productivity gains driven by accelerated 

capital accumulation among the less wealthy, which spurs entrepreneurial activities. Temporary 

increases in government grant support also sustainably enhance output and reduce inequality, 

although the output effect is relatively modest (Fig. 8(c)). However, a temporary reduction in 

entrepreneurial barriers (a negative shock) yields the most favorable outcomes in terms of both 

output and redistribution (Fig. 8(d)). Conversely, a temporary surge in general government 

spending crowds out grant support to the private sector, resulting in adverse effects on both 

output and redistribution (Fig. 8(b)). Thus, when balancing output growth with inequality re-

duction, a potential “free lunch” policy recommendation is to reduce overall entrepreneurial 

barriers or increase government grant support to the private sector. These efforts appear more 

feasible than striving for substantial inclusive TFP growth.  

Fig. 7(d) show that a temporary increase in labor supply preference—regardless of the 

group—not only enhances aggregate economic performance over a longer period but also re-

sults in a slight reduction in inequality, though via different paths. The inequality effect in Ag-

gregate temporary shocks undoubtedly affect macroeconomic indicators, but they also have 

distributional consequences (Fig. 8). Our results first confirm the positive role of inclusive tech-

nological progress in both economic growth and redistribution (Fig. 8(a)). The redistributive 

effect can be understood as sustained productivity gains driven by accelerated capital accumu-

lation among the less wealthy, which spurs entrepreneurial activities. Temporary increases in 

government grant support also sustainably enhance output and reduce inequality, although the 
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output effect is relatively modest (Fig. 8(c)). However, a temporary reduction in entrepreneurial 

barriers (a negative shock) yields the most favorable outcomes in terms of both output and 

redistribution (Fig. 8(d)). Conversely, a temporary surge in general government spending 

crowds out grant support to the private sector, resulting in adverse effects on both output and 

redistribution (Fig. 8(b)). Thus, when balancing output growth with inequality reduction, a po-

tential “free lunch” policy recommendation is to reduce overall entrepreneurial barriers or in-

crease government grant support to the private sector. These efforts appear more feasible than 

striving for substantial inclusive TFP growth.  

Fig. 7(c) is not surprising, as a temporary increase in labor preference by the wealthy trans-

lates into higher income, which boosts individual consumption. This crowds out consumption 

by the less wealthy, accelerating their capital accumulation and eventually reducing inequality. 

These findings suggest that economies characterized by individual diligence are expected to 

grow faster than those dominated by personal hedonism.  

Aggregate temporary shocks undoubtedly affect macroeconomic indicators, but they also 

have distributional consequences (Fig. 8). Our results first confirm the positive role of inclusive 

technological progress in both economic growth and redistribution (Fig. 8(a)). The redistribu-

tive effect can be understood as sustained productivity gains driven by accelerated capital ac-

cumulation among the less wealthy, which spurs entrepreneurial activities. Temporary increases 

in government grant support also sustainably enhance output and reduce inequality, although 

the output effect is relatively modest (Fig. 8(c)). However, a temporary reduction in entrepre-

neurial barriers (a negative shock) yields the most favorable outcomes in terms of both output 

and redistribution (Fig. 8(d)). Conversely, a temporary surge in general government spending 

crowds out grant support to the private sector, resulting in adverse effects on both output and 

redistribution (Fig. 8(b)). Thus, when balancing output growth with inequality reduction, a po-

tential “free lunch” policy recommendation is to reduce overall entrepreneurial barriers or in-

crease government grant support to the private sector. These efforts appear more feasible than 

striving for substantial inclusive TFP growth.  
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Fig. 7 Responses to One SD Idiosyncratic Shocks ±2SE 

 

Note: The solid lines represent the impulse responses to idiosyncratic shocks, respectively, while the shaded bands 

indicate the impulse responses when the shock varies by ±2 standard errors (SE).  

The analysis of temporary shocks provides valuable insights into the economic dynamics 

depicted by our model. However, we are also interested in identifying the key shocks that have 

shaped the impressive “flat Z” pattern of wealth inequality over the past century and a half 

through the historical shock decomposition. To achieve this, we conduct counterfactual simu-

lations by applying each type of historical shock independently to observe its unique contribu-

tion.  

Fig. 9 presents the decomposition, showing that all types of shocks contributed to a gradual 

increase in inequality (relative to the 1870s level) in the years leading up to the 1920s. However, 

subtle changes occurred around World War I. Some shocks, particularly the shocks to entrepre-

neurial barriers, began to have an active effect on declining inequality. In the following decades, 

all shocks contributed to the decline in inequality until the late 1940s. Over the next three dec-

ades, the shocks to aggregate TFP, entrepreneurial barriers, government grant support, and idi-

osyncratic shocks all played a significant role in reducing inequality, with aggregate TFP shocks 

contributing the most. However, general government spending shocks hindered the decline in 
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inequality during this period, and their adverse impact grew stronger over time. Additionally, 

entrepreneurial barriers shocks contributed less and less to reducing inequality, and eventually 

became one of the forces driving inequality back up by the late 1970s. A more detailed obser-

vation shows that in the few years after the early-1980s, the contribution of the entrepreneurship 

barriers shock to the rebound in inequality declined temporarily. This may be related to a series 

of market liberalization policies of the Thatcher government. Since the late 1980s, as the con-

tribution of general government spending shocks and entrepreneurial barriers shocks to the re-

bound in inequality became stronger, and the role of aggregate TFP shocks in suppressing ine-

quality weakened, inequality in the UK ended its 70-year decline.  

Fig. 8 Responses to One SD Aggregate Shocks ±2SE 

 

Note: The solid lines represent the impulse responses to aggregate shocks, respectively, while the shaded bands 

indicate the impulse responses when the shock varies by ±2 standard errors (SE).  

Overall, in addition to the positive role played by aggregate TFP shocks and idiosyncratic 

shocks (possibly related to changes in individual preferences) in curbing inequality after World 

War II, it is noteworthy that government support shocks have played an increasingly significant 

role in combating inequality. This underscores the importance of active government interven-

tion in entrepreneurship and financing markets. The decomposition analysis also suggests that 
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the UK government could potentially do better in curbing inequality by directly and persistently 

lowering entrepreneurial barriers and more reasonably arranging government spending.  

Fig. 9 Historical Shock Decomposition of Inequality 

 

7. Policy Discussions 

In the previous section, the impulse response analysis indicated that the shocks to aggregate 

TFP, entrepreneurial barriers, and government grant support had the most pronounced effects 

on reducing inequality, while also having significant impacts on output. In particular, these 

shocks were crucial during historical periods marked by notable shifts in inequality trends. The 

exogenous shock of TFP is uncontrollable, while its endogenous progress is jointly determined 

by the aggregate entrepreneurial barriers and the strength of government grant support. There-

fore, we turn our attention to two areas where government intervention may be particularly 

effective: reducing entrepreneurial barriers and increasing government grant support to the pri-

vate sector. This section presents counterfactual simulations and discusses the implications of 

these two key interventions.  

7.1 Entrepreneurial Barriers 

The entrepreneurial barriers rate in Britain began to significantly contribute to the rebound in 

inequality in the late 1980s, but such a trend was not observed before that (Fig. 9). This is likely 

related to the series of neoliberal policies implemented by the Thatcher government in the early 
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to mid-1980s and the weakening of the liberal trend in the late 1980s.4 Although there has been 

ongoing debate regarding whether Thatcher’s neoliberal policies exacerbated inequality in the 

UK (Machin, 1997), the historical shock decomposition presented earlier suggests that the 

worsening inequality since the late 1980s should not be blamed on the Thatcher government. 

Instead, the shock to the entrepreneurial barriers rate caused by the cooling of the neoliberal 

trend can explain a large part of the rebound in inequality.  

Fig. 10 Policy Effect by A Continuous Decline in Entrepreneurial Barriers Rate 

 

Note: The red lines represent the responses of aggregate output and the top 10% capital share to a 5% cumulative 

reduction in entrepreneurial barriers from 1986 to 1990. The gray area indicates the impact after the policy intensity 

is adjusted up and down by 50%.  

We wonder what the impact would have been on the UK economy if the reduction in en-

trepreneurial barriers during the early to mid-1980s had continued for a longer period. To ex-

plore this, we use a counterfactual simulation that adheres to the Lucas critique, employing the 

“true” structural model tested II and incorporating the shocks implied by these policies. This 

approach involves multi-period sequential shocks, rather than the single temporary shocks used 

in impulse response analysis. Specifically, we introduce a shock to entrepreneurial barriers that 

lasts from 1986 to 1990, resulting in a cumulative 5% reduction over five years, and observe 

the changes in aggregate output and inequality over the following decades. Fig. 10 depicts the 

policy effect. We observe that this policy indeed creates a “free lunch”—sustained reduction in 

 
4 The combined effect of these liberal policies is reflected in our barriers rate index as changes on both the outputs 

side (e.g., the impact of changes in various indirect taxes on market vitality) and the inputs side (e.g., the effect of 

labor policies on employment costs, particularly the weakening of trade unions).  
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entrepreneurial barriers over five years would lead to a continuous output growth (approxi-

mately 55% cumulative growth over 30 years) and a continuous reduction in inequality (ap-

proximately 4% cumulative decline over 30 years). Moreover, this policy shows rapid effec-

tiveness. This finding supports the Thatcher neoliberal policies to some extent.  

7.2 Government Grant Support 

The historical shock analysis shows that in the three decades after the 1940s, the shocks to 

government grant support played a significant role in reducing inequality. Consistent with this 

finding, the late 1940s marked the beginning of the British welfare system, where the less 

wealthy benefited more from policies that generally improved the living conditions of citizens. 

In contrast, during the classical gold standard period between the 1870s and World War I, money 

issuance and credit market development were severely constrained, which was particularly un-

favorable for the entrepreneurship of the less wealthy. This period coincided with the lead-up 

to the first turning point in the “flat Z” shape of British inequality.  

In this experiment, we assume that Britain started government grant support in the early 

1870s to help the less wealthy finance their entrepreneurship. Specifically, we introduce con-

tinuous government support shocks into the model, increasing the government support ratio by 

a cumulative 5% over the five years from 1873 to 1878, and observe the long-term changes in 

the simulation results. Fig. 11 shows that if the UK government had started increasing govern-

ment grant support to the private sector in the early 1870s, even with a policy duration as short 

as one government term, the policy effect would still exhibit a long-term “free lunch”—gradual 

output growth and a steady decrease in inequality. Although the impact of this policy shift may 

not be immediately apparent (since it indirectly affects TFP, rather than having a direct impact 

like entrepreneurial barriers), the cumulative effect over time could lead to a qualitative trans-

formation (it takes about eighty years of accumulation in our experiment) and ultimately yield 

significant benefits (more than a century later, cumulative output increased by approximately 

35%, and inequality decreased by about 3%). Given that increasing government grant support 

would only require modest adjustments to the structure of government spending without exces-

sive market intervention, this finding has important policy implications: governments should 

provide financial support to the private sector early and continuously, as the long-term benefits 

may far outweigh the immediate results.  
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Fig. 11 Policy Effect by A Continuous Increase in Government Grant Support 

 

Note: The red lines represent the responses of aggregate output and the top 10% capital share to a 5% cumulative 

increase in government support ratio from 1873 to 1878. The gray area indicates the impact after the policy inten-

sity is adjusted up and down by 50%.  

8. Concluding Remarks 

This paper investigates the long-run relationship between wealth inequality and economic 

growth. We develop a DSGE model featuring two agents with heterogeneous wealth levels, 

where wealth status influences individual entrepreneurial costs, thereby affecting both output 

and inequality. Using a comprehensive UK dataset spanning from 1870 to 2015, we employ 

indirect inference to estimate the structural parameters and validate the predictions of our model.  

In the empirical section, we examine the model’s responses to various temporary shocks 

and find that the co-movement between output and inequality varies greatly with idiosyncratic 

shocks, leading to a complex inequality-output nexus for regression-based analyses. Three spe-

cific temporary shocks—positive shocks to aggregate TFP and government grant support, and 

negative shocks to the entrepreneurial barriers rate—are found to simultaneously reduce ine-

quality while stimulating output growth. Historical shock decomposition analysis suggests that, 

in addition to the positive role of aggregate TFP shocks and idiosyncratic shocks in reducing 

inequality after World War II, government support shocks have become increasingly crucial in 

combating inequality. This highlights the growing importance of active government interven-

tion in entrepreneurship and financing markets. In policy experiments, we find that a sustained 

reduction in entrepreneurial barriers over a short period in the late 1980s would have fostered 
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continuous output growth and inequality reduction, supporting the efficacy of early Thatcher-

era neoliberal policies. We also find the importance of early and sustained government support 

to the private sector, as the long-term benefits of such policies can substantially outweigh the 

immediate effects.  

This paper is only the first step in a broader research agenda. The explanatory effect of the 

theoretical model in other countries needs to be further investigated. The redistributive effect 

of taxation is deliberately omitted in this paper because it has been thoroughly studied, but it 

can be endogenized in a more comprehensive model to study optimal taxation. In addition, it 

has been noticed that physical capital may have a greater impact on inequality in the early stage 

of economic development, while the influence of human capital has greater importance in mod-

ern and contemporary times (Galor & Moav, 2004; Foreman-Peck & Zhou, 2021). One prom-

ising extension is to refine the asset types in the growth-inequality nexus.  

Competing Interests: The author(s) declare none. 
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Appendix A. Lagrange optimization and Model Listing 

Based on the model settings (1)-(4), we can write the agent 𝑖’s optimal problem as the following La-

grangian and solve the first-order conditions for the control variables 𝐶𝑖,𝑡, 𝑏𝑖,𝑡+1, 𝑁𝑖,𝑡, 𝑍𝑖,𝑡  and 𝐾𝑖,𝑡+1 re-

spectively, thus obtaining the optimal rules of equations (A1)-(A5).  

ℒ = 𝐸𝑡 ∑ {𝛽𝑠𝑈𝑖,𝑡+𝑠

∞

𝑠=0

+ 𝜆𝑡+𝑠 [(1 − 𝜏𝑡+𝑠)𝑌𝑖,𝑡+𝑠 + (1 + 𝑟𝑡−1+𝑠)𝑏𝑖,𝑡+𝑠 − 𝜑𝑖,𝑡+𝑠𝜋𝑡+𝑠𝑍𝑖,𝑡+𝑠 + 𝑇𝑡+𝑠 − 𝐶𝑖,𝑡+𝑠

− 𝑏𝑖,𝑡+1+𝑠 − 𝐾𝑖,𝑡+𝑠 + (1 − 𝛿)𝐾𝑖,𝑡−1+𝑠 −
𝜉

2

(𝐾𝑖,𝑡+𝑠 − 𝐾𝑖,𝑡−1+𝑠)
2

𝐾𝑖,𝑡−1+𝑠
]} 

  𝜆𝑡 = 𝛷𝑢𝑖,𝑡(𝐶𝑖,𝑡)
−𝜓1

                             (A1) 

𝜆𝑡 = 𝛽(1 + 𝑟𝑡)𝐸𝑡𝜆𝑡+1                           (A2) 

(1 − 𝛷)𝑣𝑖,𝑡(𝑁𝑖,𝑡 + 𝑍𝑖,𝑡)
𝜓2

= 𝜆𝑡(1 − 𝜏𝑡)(1 − 𝛼)
𝑌𝑖,𝑡

𝑁𝑖,𝑡
                 (A3) 

(1 − 𝛷)𝑣𝑖,𝑡(𝑁𝑖,𝑡 + 𝑍𝑖,𝑡)
𝜓2

+ 𝜆𝑡𝜑𝑖,𝑡𝜋𝑡 = 𝑣𝐴,𝑡𝜃2
𝐴𝑖,𝑡

𝐴𝑖,𝑡+1
𝐸𝑡 [∑ 𝛽𝑠 𝛷𝑢𝑖,𝑡+1(1−𝜏𝑡+𝑠)𝑌𝑖,𝑡+𝑠

(𝐶𝑖,𝑡+𝑠)
𝜓1

∞
𝑠=0 ]    (A4) 

𝜆𝑡 (1 + 𝜉
𝐾𝑖,𝑡−𝐾𝑖,𝑡−1

𝐾𝑖,𝑡−1
) = 𝐸𝑡 {𝜆𝑡+1 [(1 − 𝜏𝑡+1)𝛼

𝑌𝑖,𝑡+1
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𝜉

2

(𝐾𝑖,𝑡+1)
2

(𝐾𝑖,𝑡)
2 + 1 − 𝛿 −

𝜉

2
]}      (A5) 

Now we consider the approximation of (A4). First, use 𝐸𝑡[(1 + 𝑟𝑡−1+𝑠)𝛽𝑢𝑖,𝑡+𝑠(𝐶𝑖,𝑡+𝑠)−Ψ1] =

𝐸𝑡[𝑢𝑖,𝑡−1+𝑠(𝐶𝑖,𝑡−1+𝑠)−Ψ1] to derive the following relation, 

𝐸𝑡 [∑ 𝛽𝑠 𝛷𝑢𝑖,𝑡+𝑠(1−𝜏𝑡+𝑠)𝑌𝑖,𝑡+𝑠

(𝐶𝑖,𝑡+𝑠)
𝜓1

∞
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𝑁𝑖,𝑡
+ 𝜑𝑖,𝑡𝜋𝑡 = 𝑣𝐴,𝑡𝜃2

𝐴𝑖,𝑡

𝐴𝑖,𝑡+1
𝐸𝑡 [∑

(1−𝜏𝑡+𝑠)𝑌𝑖,𝑡+𝑠

∏ (1+𝑟𝑡+𝑘)𝑠−1
𝑘=0

∞
𝑠=1 ]        (A6) 

𝑌𝑖,𝑡+𝑠 (𝑠 > 1)can be predicted by 𝑌𝑖,𝑡(1 + 𝑔𝑌,𝑖)𝑠; 𝜏𝑡+𝑠(𝑠 > 1)can be predicted by 𝜏𝑡; 𝑟𝑡+𝑠 (𝑠 >

1) can be predicted by  𝑟𝑡, then  

(1 − 𝜏𝑡)(1 − 𝛼)
𝑌𝑖,𝑡

𝑁𝑖,𝑡
+ 𝜑𝑖,𝑡𝜋𝑡 = 𝑣𝐴,𝑡𝜃2

𝐴𝑖,𝑡

𝐴𝑖,𝑡+1
(1 − 𝜏𝑡)𝑌𝑖,𝑡 ∑

(1+𝑔𝑌,𝑖)𝑠

(1+𝑟𝑡)𝑠
∞
𝑠=1        (A7) 

Since the steady-state of the Euler equation (A2) implies that (1 + 𝑔𝐶,𝑖)Ψ1 = 𝛽(1 + 𝑟𝑡). 𝑔𝑌,𝑖 =

𝑔𝐶,𝑖 on the BGP. (A7) can be written as 
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(1 − 𝜏𝑡)(1 − 𝛼)
𝑌𝑖,𝑡

𝑁𝑖,𝑡
+ 𝜑𝑖,𝑡𝜋𝑡 = 𝑣𝐴,𝑡𝜃2

𝐴𝑖,𝑡

𝐴𝑖,𝑡+1

(1 − 𝜏𝑡)𝑌𝑖,𝑡 ∑ [
𝛽(1 + 𝑔𝑌,𝑖)

(1 + 𝑔𝑌,𝑖)Ψ1
]

𝑠∞

𝑠=1

 

(1 − 𝜏𝑡)(1 − 𝛼)
𝑌𝑖,𝑡

𝑁𝑖,𝑡
+ 𝜑𝑖,𝑡𝜋𝑡 = 𝑣𝐴,𝑡

𝐴𝑖,𝑡

𝐴𝑖,𝑡+1

(1 − 𝜏𝑡)𝑌𝑖,𝑡

𝜃2𝛽(1 + 𝑔𝑌,𝑖)

(1 + 𝑔𝑌,𝑖)Ψ1 − 𝛽(1 + 𝑔𝑌,𝑖)
 

By defining 𝜃3 =
𝜃2𝛽(1+𝑔𝑌,𝑖)

(1−𝛼)(1+𝑔𝑌,𝑖)Ψ1−𝛽(1+𝑔𝑌,𝑖)
, we yield (A8), i.e., equation (5) in Section 4. 

(1 − 𝜏𝑡)(1 − 𝛼)
𝑌𝑖,𝑡

𝑁𝑖,𝑡
+ 𝜑𝑖,𝑡𝜋𝑡 = 𝑣𝐴,𝑡

𝐴𝑖,𝑡

𝐴𝑖,𝑡+1
(1 − 𝜏𝑡)𝑌𝑖,𝑡𝜃3                                     (A8) 

The term 𝜑𝑖,𝑡𝜋𝑡 represents the entrepreneurial cost that must be borne when giving up one unit of 

regular labor time to engage in entrepreneurial activities. Therefore, we can interpret 𝜑𝑖,𝑡𝜋𝑡/𝑤𝑖,𝑡  as the 

relative opportunity cost of one unit of entrepreneurial time. We define the variable 𝜋𝑡
′ = 𝜋𝑡 𝑤̅𝑡⁄  as the 

entrepreneurial barriers rate, and the new markup 𝜑𝑖,𝑡
′  captures the difference between 𝑤𝑖,𝑡  and the av-

erage wage rate 𝑤̅𝑡. Since (1 − 𝛼)𝑌𝑖,𝑡/𝑁𝑖,𝑡 = 𝑤𝑖,𝑡, defining 𝜋𝑖,𝑡
′ = 𝜋𝑡/𝑤𝑖,𝑡, equation (5) can be rewrit-

ten as equation (A9), i.e., equation (6) in Section 4. 

𝐴𝑖,𝑡+1

𝐴𝑖,𝑡
=

(1−𝜏𝑡)𝜃3

(1−𝜏𝑡+𝜑𝑖,𝑡
′ 𝜋𝑡

′)(1−𝛼)
𝑁𝑖,𝑡𝑣𝐴,𝑡                         (A9) 

The full model listing is shown below where (A10) and (A18) are obtained from individual Euler equa-

tions. Nonlinear relations are retained in (A11) and (A12) to guarantee that the aggregate economy al-

ways equals the sum of individual behavior. (A13) is the linearized market clearing condition. (A14) 

and (A15) are linearized individual production functions, followed by the linearized individual capital 

equations (A16) and (A17).5 Equation (A19) transforms from the consumption aggregation equation. 

Approximating 𝑁𝑖,𝑡/(𝑁𝑖,𝑡 + 𝑍𝑖,𝑡) to 1 and ignoring constant terms yield the linearized equations (A20) 

and (A21) for individual labor.6 The rest of the list has been shown in the model section. Individual 

bonds are removed from the list because they take small share over individual capital resource which 

we are not interested in. 

 𝑟𝑡 = 𝜓1(𝐸𝑡ln𝐶2,𝑡+1 − ln𝐶2,𝑡) − ln𝛽 + 𝜀𝑐2,𝑡 (A10) 

 ln𝑌𝑡 = ln[𝜇1exp(ln𝑌1,𝑡) + 𝜇2exp(ln𝑌2,𝑡)] (A11) 

 ln𝐾𝑡 = ln[𝜇1exp(ln𝐾1,𝑡) + 𝜇2exp(ln𝐾2,𝑡)] (A12) 

 ln𝐶𝑡 = (1 − 𝜏)
𝑌

𝐶
[ln𝑌𝑡 + ln(1 − 𝜏𝑡)] −

𝐾

𝐶
[ln𝐾𝑡 − (1 − 𝛿)ln𝐾𝑡−1] + 𝜀𝑀,𝑡 (A13) 

 
5  𝜂1 = (𝑟 + 𝛿)/[(2 + 𝑟)𝜉 + 𝑟 + 𝛿]  and  𝜂2 = (1 + 𝑟)𝜉/[(2 + 𝑟)𝜉 + 𝑟 + 𝛿] . The approximation  𝐸𝑡(𝑌𝑖,𝑡+1/
𝐶𝑖,𝑡+1) ≈ 𝑌𝑖,𝑡/𝐶𝑖,𝑡 regardless of some constant terms is adopted in this linearization. 
6 As observations on 𝑍𝑖,𝑡 are unavailable, and 𝜃2 and (𝑁𝑖,𝑡 + 𝑍𝑖,𝑡) are not identified separately, we define parame-

ter 𝜂3 = 1/[𝜃2(𝑁𝑖,𝑡 + 𝑍𝑖,𝑡)] and estimate it instead of 𝜃2. 
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 ln𝑌1,𝑡 = 𝛼ln𝐾1,𝑡−1 + (1 − 𝛼)ln𝑁1,𝑡 + ln𝐴1,𝑡 (A14) 

 ln𝑌2,𝑡 = 𝛼ln𝐾2,𝑡−1 + (1 − 𝛼)ln𝑁2,𝑡 + ln𝐴2,𝑡 (A15) 

 ln𝐾1,𝑡 = 𝜂1ln𝑌1,𝑡 + 𝜂2ln𝐾1,𝑡−1 + (1 − 𝜂1 − 𝜂2)𝐸𝑡ln𝐾1,𝑡+1 + 𝜂1 (
1

𝜓1
−

1

𝑟+𝛿
) 𝑟𝑡 −

𝜂1

1−𝜏
𝜏𝑡+1 (A16) 

 ln𝐾2,𝑡 = 𝜂1ln𝑌2,𝑡 + 𝜂2ln𝐾2,𝑡−1 + (1 − 𝜂1 − 𝜂2)𝐸𝑡ln𝐾2,𝑡+1 + 𝜂1 (
1

𝜓1
−

1

𝑟+𝛿
) 𝑟𝑡 −

𝜂1

1−𝜏
𝜏𝑡+1 (A17) 

 ln𝐶1,𝑡 = 𝐸𝑡ln𝐶1,𝑡+1 −
1

𝜓1
(𝑟𝑡 + ln𝛽) + 𝜀𝑐1,𝑡 (A18) 

 ln𝐶2,𝑡 = ln[exp(ln𝐶𝑡) − 𝜇1exp(ln𝐶1,𝑡)] − ln𝜇2 (A19) 

 ln𝑁1,𝑡 =
1

1+𝜓2
{ln𝑌1,𝑡 − 𝜓1ln𝐶1,𝑡 − 𝜓2𝜂3(ln𝐴1,𝑡+1 − ln𝐴1,𝑡) + ln[(1 − 𝜏𝑡)(1 − 𝛼)]} + 𝜀𝑁1,𝑡 (A20) 

 ln𝑁2,𝑡 =
1

1+𝜓2
{ln𝑌2,𝑡 − 𝜓1ln𝐶2,𝑡 − 𝜓2𝜂3(ln𝐴2,𝑡+1 − ln𝐴2,𝑡) + ln[(1 − 𝜏𝑡)(1 − 𝛼)]} + 𝜀𝑁2,𝑡 (A21) 

 ln𝐴1,𝑡+1 = ln𝐴1,𝑡 + 𝜙1,1 − 𝜙2,1 (ln𝜋𝑡
′ +

𝜏𝑡

1−𝜏
) + ln𝑁1,𝑡 + 𝜀𝐴,𝑡 (A22) 

 ln𝐴2,𝑡+1 = ln𝐴2,𝑡 + 𝜙1,2 − 𝜙2,2 [ln𝜋𝑡
′ +

𝜏𝑡

1−𝜏
+ 𝜌1(ln𝐾1,𝑡−1 − ln𝐾2,𝑡−1) − 𝜌2𝐺𝑆𝑡] + ln𝑁2,𝑡 + 𝜀𝐴,𝑡

 (A23) 

 ln𝐺𝑡 = γ𝐺ln𝐺𝑡−1 + 𝜀𝐺,𝑡 (A24) 

 𝐺𝑆𝑡 = ln𝑌𝑡 + ln𝜏𝑡 − ln𝐺𝑡 + 𝜀𝐺𝑆,𝑡 (A25) 

 ln𝜋𝑡
′ = γ𝜋ln𝜋𝑡−1

′ + 𝜀𝜋,𝑡 (A26) 

 

Appendix B. Data Description 

The data used in this study are sourced from WID and the database “A Millennium of Macroeconomic 

Data” issued by BOE. 

Variable Definition Source 

R Real interest rate 
Annual average of 3-month rates minus 1-year head expectation at start 

of year 

Y Real GDP per capita 
GDP at 2013 market price over POP, geographically-consistent estimate 

based on post-1922 borders 

C Real consumption per Household consumption at 2013 market price over POP, geographically-
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capita consistent estimate based on post-1922 borders 

K 
Real capital per cap-

ita 

Domestic capital stock (=NW-NFA) at 2013 market price over POP, geo-

graphically-consistent estimate based on post-1922 borders 

NW National wealth Market-value national wealth (WID) 

NFA Net foreign assets Market-value net foreign assets (WID) 

G 
General government 

spending per capita 

General government spending at 2013 market price over POP, geograph-

ically-consistent estimate based on post-1922 borders 

POP Total population 
Total population of GB and Northern Ireland, geographically-consistent 

estimate based on post-1922 borders 

N Labor supply Estimate by EM over POP multiplied by AWH over (24 by 7)  

EM Employment  

AWH 
Average weekly 

hours 
 

TUM Trade union members  

IDT 
Indirect taxes over 

GDP 
Nominal indirect tax revenues over nominal GDP 

𝜏 
Direct taxes over 

GDP 
Nominal direct tax revenues over nominal GDP 

1-α Labor share of GDP  

δ 
Depreciation rate of 

capital stock 
Depreciation of capital consumption over domestic capital stock 

GS 
Government grant 

support ratio 

Government support to private sector over the general government 

spending 

Y1 
Real GDP per capita 

for the rich 
Real GDP per capita multiplied by top10% pre-tax income share (WID) 

K1 
Real capital per cap-

ita for the rich 
Real capital per capita multiplied by top10% wealth share (WID) 

C1 
Real consumption per 

capita for the rich 

Real consumption per capita multiplied by top10% pre-tax income share 

(WID) 

 


