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Abstract: This study investigates the role of finance in shaping the global trend of increasing market concen-
tration. Using agent-based modeling (ABM), we conduct qualitative and quantitative analyses to examine the
impact of financial policies on market concentration. Additionally, we analyze their simultaneous effects on
economic growth and labor income share as key macroeconomic indicators. Building upon the Keynes meets
Schumpeter (K+S) model, we conduct policy experiments using a model validated against the historical trends
in South Korea. For the policy variables, we apply the debt-to-sales ratio (DSR) limit and interest rate as levers to
regulate the quantity and cost of finance, respectively. The simulation results show that lowering interest rates
alleviates market concentration while DSR regulation exhibits nonlinear effects on it. As the DSR limit increases,
market concentration initially decreases but rises again beyond a certain threshold. To investgiate the rationale
behind this phenomenon, we examine how finance affects individual firms at a micro level through firm-level
analysis. Our findings underscore the value of ABM in addressing this complex issue from both the micro and
macro perspectives. Moreover, they highlight that the impact on market concentration varies based on the na-
ture of financial policies, and suggest that coordinating DSR regulatory policies with monetary policies such as
interest rates can help policymakers manage market concentration.
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Introduction

1.1 In recent years, market concentration – the degree to which a small group of firms dominates a market – has
increased in many countries including the United States, the Netherlands, and China (Akcigit & Ates 2021a;
Cerdeiro & Ruane 2022; Freeman et al. 2021). However, an excessive market concentration often creates market
inefficiency. For example, as the market power of large firms increases, productivity competition may stagnate,
consumer prices may increase, and barriers to entry for new firms may increase. Moreover, market concen-
tration is closely linked to traditionally important macroeconomic factors such as economic growth and labor
income share. Thus, market concentration has emerged as a key analytical subject for policymakers and re-
searchers.

1.2 Amid previous studies examining the factors affecting market concentration (Davis & Haltiwanger 2014; Gordon
2016; Karahan et al. 2019), the role of financing has gained attention. The questions posed by researchers are
clear: Does finance exacerbate (or alleviate) polarization among firms? What side effects does finance have on
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economic growth and labor income share? The literature contains varying views on these questions, depending
on the financial policies, assumptions, or models they employ.

1.3 However, previous studies overlooked the interactions among the agents. Indeed, a firm’s growth, which is a
micro factor of market concentration, is influenced by the behaviors of other agents in the market. For instance,
innovation results, as key drivers of growth, diffuse from one firm to competitors because firms imitate each
other’s technologies. Additionally, a firm’s growth is heavily influenced by the level of technology of its suppliers
and the extent of its transactions with them. In addition, banks selectively provide limited financing to firms
based on their preferences. Finally, the wage that the household receives is affected by the average level of labor
productivity in the economy; therefore, one firm’s increase in productivity may indirectly affect other firms’
burden of hiring labor. Previous methods, such as dynamic stochastic general equilibrium (DSGE) or traditional
statistical models, fail to account for the influence of complicated interactions on aggregated variables.

1.4 In this regard, we employ ABM to investigate the impact of finance on market concentration. This approach
aims to capture the complex interactions among the agents mentioned above, a factor that previous works
do not consider. Specifically, we extend the Keynes-meets-Schumpeter (K+S) model for macroeconomic mod-
eling (Dosi et al. 2013, 2010), which models technological diffusion, imperfect competition among firms, and
unequal banking priorities toward these firms. We further improve the model in three ways. First, to analyze the
changes in labor income share over finance, we replace the Leontief production function with the Cobb-Douglas
function, allowing for substitution between labor and capital. Second, we incorporate the diminishing marginal
improvement of technology into our model to offer a more accurate explanation of the reality, in which the level
of investment required for equivalent technological development increases as technology advances. Third, we
validate the model using historical data from South Korea from 1990 to 2020. Our model fits the historical trend,
whereas previous work (Guerini & Moneta 2017) conducted structural validation with the K+S model.

1.5 Using the validated model, we conduct policy experiments to analyze how financing affects market concentra-
tion, economic growth, and labor income share. We employ two major financial policies as proxies for finance:
the debt-to-sales ratio(DSR) and the interest rate, which represent control over the quantity and cost of financ-
ing, respectively. The experiments aim to answer the following research questions.

1.6 RQ 1. Does finance intensify or alleviate market concentration? This is the core question of this study. The
crucial factor is whether finance strengthens the supremacy of a handful of major firms or promotes the growth
of small and medium-sized enterprises, thus mitigating market polarization. We aimed to determine whether
our ABM approach produces results consistent with those of previous studies or offers a different perspective.

1.7 RQ 1-1. How is financing allocated among different firms? This question is posed to analyze the rationale
behind the aggregated result in RQ 1 at the micro level. Specifically, we examine whether financing is provided
to every firm at its maximum level. We investigate how these findings contribute to macroeconomic variables.

1.8 RQ 2. (Side effects) Does finance facilitate economic growth and lower the labor income share? While
focusing primarily on market concentration, this study examines the side effects of financial policies on eco-
nomic growth and labor income share—macroeconomic variables closely related to market concentration. We
aim to identify any trade-offs between these variables and market concentration and whether the relationships
among these variables align with those of previous studies.

1.9 The remainder of this paper is organized as follows. The Literature Review section provides a review of prior
studies that examine the effect of finance on market concentration, economic growth, and labor income share.
This section also compares our ABM approach with methodologies previously employed for this topic, identify-
ing the gaps that our approach can address. The Model Description section offers a comprehensive explanation
of our model and elucidates the simulation steps that form its foundation. The Output Validation Section pro-
vides the quantitative and qualitative analysis on the validation results. With the validated model, the Policy
Experiment section provides the results of the policy experiments and thoroughly analyze the effect of financ-
ing on market concentration and side effects. Finally, the Conclusion section summarizes the key findings and
contributions of this study and discusses the limitations and potential areas for further research.

Literature Review

2.1 This section reviews the arguments and methodologies used in previous studies related to our research ques-
tions. In the first subsection, we review the literature on the various effects of financing on market concentra-
tion, which is our primary focus. Specifically, we explore how previous studies addressed this topic and estab-
lish a basis for comparison to analyze how the results in our study differ. The second subsection delves into
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prior research on the financial impact on economic growth and labor income share. We also elaborate on how
economic growth and the labor income share are connected to market concentration in earlier studies. This pro-
vides the rationale for our decision to specifically analyze economic growth and labor income share to assess
the side effects of finance on market concentration. In the final subsection, we compare various methodologies
used to investigate our research questions. This study is not the first to raise these questions, but it is the first
to utilize the agent-based model to answer them.

The impact of finance on market concentration

2.2 The impact of finance on market concentration has been studied separately based on two types of policies:
those that regulate the cost of financing and those that adjust the quantity of financing. For both types of poli-
cies, there are opposing perspectives: one perspective states that financing alleviates market concentration,
whereas the other states that it intensifies market concentration.

2.3 In terms of the cost of finance, there are two contrasting perspectives on how changes in interest rates impact
market concentration. From an alleviation perspective, numerous researchers argue that lowering interest rates
reduces market concentration by benefiting small firms, whereas increasing interest rates exacerbate market
concentration. Cooley & Quadrini (2006), Carlstrom & Fuerst (1997), Gertler & Bernanke (1989) contend that low
interest rates alleviate the burden of debt and improve the net worth of small firms. Thus, small firms are el-
igible to borrow larger amounts from banks at reduced costs. In addition, Cloyne et al. (2018) claim that the
collateral value increases when interest rates decrease, allowing small firms to secure larger loans. All these
effects are more pronounced in small firms than in large firms because the assets of small firms predominantly
consist of debt. By contrast, large firms with sufficient internal funding capabilities are less reliant on debt fi-
nancing. Moreover, Banerjee & Hofmann (2018), Caballero et al. (2008), Adalet et al. (2018) argue that reduced
financial pressure resulting from lowered interest rates prolongs the survival of zombie firms that struggle to
cover their debt with their profits. They argue that in this manner, the restructuring or exit of zombie firms may
be deferred, contributing to an inefficiently low market concentration. In the same vein, some argue that rising
interest rates make it difficult for small firms to survive, leading to increased market concentration. When inter-
est rates increase, small firms may face challenges in transitioning from bank lending to alternative sources of
funding to ensure liquidity because capital markets are imperfect (Gertler & Bernanke 1989; Kiyotaki & Moore
1997). Lastly, according to Bernanke et al. (1996), increased interest rates trigger the ‘‘flight-to-quality” dynam-
ics, wherein investors prefer risk-free projects offered by large firms.

2.4 Conversely, from an intensifying perspective, several studies suggest that lower interest rates give large firms
stronger incentives to invest and grow faster, thereby exacerbating market concentration. Ottonello & Winberry
(2020) contend that the difference is in the marginal cost of investment across firms. According to these studies,
when investment scales up, large firms that already have sufficient financing or can rely on internal financing,
experience a much smaller increase in marginal costs. Furthermore, Liu et al. (2022) and Kroen et al. (2021)
contend that as interest rates decline, large firms intentionally pursue aggressive investment to widen the pro-
ductivity gap with small firms and fortify entry barriers in the market. This is attributed to the increased future
value of maintaining a market-leader position and generating significant profits as interest rates decrease.

2.5 In terms of policies that regulate the quantity of financing, previous studies can be divided into two opposing
perspectives: financing either alleviates or intensifies market concentration. From an alleviating perspective,
Greenwood & Jovanovic (1990), Beck et al. (2005) emphasize that small firms experience significant growth
under financial development, which enhances their accessibility to finance. They argue that financing provides
increased investment opportunities for small firms previously constrained by insufficient capital investment.
Furthermore, Krishnan et al. (2014), Chen & Lee (2023) assert that productivity improvements in small firms
are more responsive to financial supply than those in large firms. They find that banking deregulation, which
increases financial accessibility for firms, results in a more significant productivity increase for small firms than
for large firms.

2.6 In contrast, from an intensifying perspective, specific financial deregulation provides larger firms with enhanced
financial access. Liu & Chen (2023) asserts that information asymmetry between borrowers (firms) and the
lenders (banks) decreases as firm size increases. When bank branching is deregulated, small firms undergo ad-
verse selection from bank branches, whereas large firms, whose information is relatively more disclosed to nu-
merous bank branches, experience greater opportunities to secure loans. In this regard, the ‘’rich-get-richer”
phenomenon can be observed with loosening financial regulations. Amid these diverse and contrasting per-
spectives on how finance impacts market concentration, we explore how the results differ using ABM compared
to the existing findings.

JASSS, 28(3) 5, 2025 http://jasss.soc.surrey.ac.uk/28/3/5.html Doi: 10.18564/jasss.5710



Macroeconomic factors linked to market concentration: Growth and labor share

2.7 Market concentration is significant in its own right, but is also closely correlated with macroeconomic variables
such as economic growth and the labor income share, which represent growth and distribution. Consequently,
the relationship among these three factors are often studied together. The literature provides theoretical evi-
dence that market concentration and labor income share generally have a negative correlation (Akcigit & Ates
2021a). However, views on the relationship between market concentration and economic growth vary. Some ar-
gue that strong market concentration impedes economic growth because it reduces firms’ profits (Singh 2004)
or monopoly rents (Schumpeter 1943). Conversely, some studies argue that a high market concentration, which
intensifies competition among firms, leads to an increase in average productivity (Schumpeter 1943; Arrow
2009) and encourages new firms to introduce innovative technologies into the market (Van Stel et al. 2019),
thereby promoting economic growth.

2.8 In the context of our research focusing on the impact of finance, it is meaningful to examine how economic
growth and the labor income share are affected, while analyzing how market concentration changes. We revisit
the dynamics of the individual impact of finance on market concentration, economic growth, and labor income
share, and the relationships between market concentration, economic growth, and labor income share within
a single ABM framework. Specifically, we explore how changes in financial variables affect these three factors
individually, and assess whether their existing relationships are maintained. ABM holds particular significance
in this analysis because it derives macroeconomic variables from the bottom-up, modeling the behaviors of
agents independently, rather than relying on a statistical model.

2.9 How have previous studies addressed the impact of finance on economic growth and labor income share? Fi-
nance has traditionally been acknowledged for its role in fostering economic growth (Beck & Levine 2004; Beck
et al. 2000; Levine 2005). However, opposing viewpoints consistently suggest that excessive financing may im-
pede economic growth (Arcand et al. 2015). In particular, following the 2008 financial crisis, certain studies indi-
cated a nonlinear relationship between economic growth and finance (Arcand et al. 2015; Cecchetti & Kharroubi
2012).

2.10 Prior studies sought to identify the causal relationship between the recent decline in labor income share and
financial. First, several studies focus on how financialization induces firms to prioritize the interests of share-
holders, resulting in an increase in capital income share and a decrease in labor income share. As shareholders
empower firms to generate returns from short-term profits, they often reduce employment, cut wages, and
distribute higher dividends to shareholders. Numerous studies support this ‘‘downsize–distribute principle,”
(Cynamon & Fazzari 2015; Van Treeck 2015; Blecker 2016; Palley 2015; Hein 2019). Additionally, Wood (2016)
contend that the increased household indebtedness resulting from an expansionary monetary policy may con-
tribute to the declining labor income share. They argue that households with substantial debt in their desper-
ation to secure future employment experience weakened their bargaining positions in wage negotiations.

Limitations in the methodologies of previous research

2.11 The gap in the existing research lies in the methodology. Analyses conducted using traditional statistical mod-
els, such as regression models, often successfully replicate the empirical evidence of high market concentration,
slowed economic growth, and decreased labor income share. However, they can be prone to overfitting exist-
ing data, because they lack a robust micro-foundation in macroeconomics. In addition, in our context, they
cannot account for the complicated mechanism behind the explicit correlations between finance and market
concentration, such as the finance-induced disparity among firms through the productivity gap.

2.12 Studies conducted using a DSGE model cannot account for firm interactions arising from non-equilibrium states,
a crucial aspect in analyzing market concentration. The fixed-point method of DSGE, designed to calculate a the-
oretically unique equilibrium, addresses neither the possibility of reaching equilibrium nor the path to reach
it. However, in reality, various interactions among firms in non-equilibrium states influence which firms grow
faster and which are phased out. Consequently, the economy can reach a different equilibrium of market con-
centration depending on the starting point and interaction among firms.

2.13 As an alternative, we utilized ABM, which not only provides a bottom-up explanation that accounts for agents’
behavior at the micro level, but also captures the intricate emergent patterns resulting from interactions among
the firms. Within the ABM framework ABM, one can readily identify several examples of feedback loops in the
context of market concentration. When a certain group of firms accumulates enough liquidity and generates
substantial profits, they can access more loans, while other firms may miss out on borrowing opportunities
due to limited credit in the economy. Conversely, once small firms experience reduced debt burden through

JASSS, 28(3) 5, 2025 http://jasss.soc.surrey.ac.uk/28/3/5.html Doi: 10.18564/jasss.5710



financial support, they can catch up with larger firms over time. In terms of the productivity gap, technology
diffusion can either accelerate or decelerate gap widening. Although it remains uncertain whether the loops
within a single model would reinforce or balance each other, it is evident that these intricate interactions among
the agents and initial states significantly influence which equilibrium or non-equilibrium the model reaches
over time. In this regard, despite the shortcomings of ABM compared with DSGE, there are areas where ABM can
contribute in the context of finance and market concentration, and it is worth analyzing those areas of potential
contribution.

Model Description

3.1 To evaluate the impact of financing on market concentration, we introduce a macroeconomic agent-based
model. Our model is based on the credit-augmented Keynes-meets-Schumpeter (K+S) framework proposed
in Dosi et al. (2013). From a modeling perspective, we incorporate two major modifications compared with the
K+S model. These modifications address the three factors governing firm growth – capital, labor, and technol-
ogy. The traditional K+S model oversimplifies these factors, which can distort market concentration. Therefore,
revising these assumptions to reflect reality better is essential for our research.

3.2 First, we replace the production function of the K+S model, originally a Leontief function, with a Cobb-Douglas
(CD) function. This is essential to our research on the impact of financing on market concentration. Market con-
centration evolves based on the differences in growth rates among firms. The extent to which a firm grows
depends on how it allocates its budget between employment and investment under a given financial policy. If
all firms allocate their budgets in the same proportion between employment and investment because of the
constraints of a Leontief function, any changes in financial policy would inevitably distort firm growth, and
consequently, market concentration. However, by introducing the CD function, which allows for sustainability
between labor and capital, we alleviate these limitations.

3.3 Second, we incorporate the assumption of diminishing marginal improvement in technology into our model.
The K+S model relies on the constant marginal improvement of the technology assumption, where the cost of
technological development and the speed of technological advancement remain constant, regardless of the
current level of technology. However, several studies argue that large firms with a high current level of tech-
nology exhibit lower technological advancement efficiency because of the complexity and maturity of their
existing technologies. Some studies (Kim 2018; Audretsch & Acs 1991; Bloom et al. 2020) suggest that com-
pared to small firms, large firms are heavily reliant on their existing technologies, which makes it difficult for
them to undergo creative destruction. Numerous studies and reports indicate that returns on R&D diminish in
various industries, such as the pharmaceutical and semiconductor sectors (Graves & Langowitz 1993; Aboagye
et al. 2014). In this regard, we extend the model from one where R&D success depends solely on the absolute
amount of R&D expenditure to one where both the probability and speed of R&D success increase with R&D
expenditure but decrease as the current technological level advances. This second modification is as crucial as
the first in understanding market concentration, as each firm’s growth depends on how often and significantly
its machine supplier’s R&D succeeds, along with its decisions on employment and investment. Moreover, by
introducing this assumption, our new model, which incorporates a CD production function, achieves a better
alignment with and validation against real-world trends.

Agents and their interactions in four markets

3.4 Our model comprises four types of agents. The first agent is capital-goods firms (referred to as K-firms), rep-
resenting the R&D sector, and the model includes NFK

heterogeneous K-firms. The second agent comprises
consumption-goods firms (referred to as C-firms) representing the manufacturing sector, and the model in-
cludesNFC

heterogeneous C-firms. The third agents are household agents responsible for labor and consump-
tion in the model. The model hasNH household agents and we assume homogeneous labor and consumption
preferences for all households. The fourth agent type is banks, which represent the financial sector. For sim-
plicity, this model includes only one bank agent.

3.5 The main interactions between agents are shown in Figure 1. As these interactions are reinforced or mitigated
over numerous time steps, heterogeneity among agents and complex emergent phenomena emerge randomly.
First, in the capital goods market, as denoted by green, K-firms innovate or imitate machines from other firms
to improve their productivity. These firms then produce and sell their machines to C-firms by advertising their
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products via brochures. Since the machines differ in performance and price, and not all brochures are identi-
cally delivered to all clients but are delivered mainly to historical clients, this capital goods market is an oligopoly
market with information asymmetry. The machines that each C-goods firm buys determine its efficiency in pro-
ducing its consumption good, and thereby, its price competitiveness. In the consumption goods market, de-
noted by orange, the C-firms produce homogeneous goods and sell them to households. Firms compete on
price, as in Bertrand competition, but their market shares are inversely proportional to prices. Therefore, the
consumption goods market is imperfectly competitive. Next, in the labor market, denoted by red, both K- and
C-firms hire labor from households and pay wages in return. Wages are determined by labor productivity in
producing goods, which is homogeneous among households. Lastly, in the credit market, as denoted by black
color, the bank provides loans to C-firms according to their demands, in the order of their liquidity-to-sales.
Firms repay the loan principle and interest back to banks. The detailed step-by-step interactions and behaviors
of each agent are described in the simulation outline below.

Figure 1: Interactions among the agents in four markets.

Simulation outline

3.6 The simulations involve each agent repeating a series of decision steps: 1) Research and Development (RD), 2)
Planning and Investment (PI), 3) Production and Hiring (PH), 4) Sale and Consumption (SC), and 5) Balance-
Sheet Update (BU). A complete cycle of these five decision steps constitutes one time step and each time step
corresponds to a single real-world quarter. Figure 2 shows a sequence diagram of the proposed model. We also
provide our code on COMSES: https://www.comses.net/codebases/a7827ec7-4b25-43db-91b1-80bc1
f37a0dc/releases/1.0.0/
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Figure 2: Sequence diagram of macroeconomic model.

Research and development (RD) step

3.7 The overall process and equations used in this RD step are the same as those in the original K+S model (Dosi
et al. 2013); however, we add the assumption that the marginal innovation of technology diminishes as the tech-
nological level improves, as in Schumpeterian endogenous growth models (Madsen 2007). We model both the
success probability of the R&D process and the actual increase in the technological level to diminish according
to this assumption. A detailed explanation of how we modeled them is provided in paragraphs 3.11 and 3.12.

3.8 During the RD step, K-firms enhance their technological capabilities through R&D efforts. These firms possess
distinctive technological levels, encapsulated by Ai and Bi. Ai denotes the machine’s performance, signify-
ing the productivity when the machine combines with labor to produce consumer goods. Bi represents the
productivity of K-firms manufacturing machines.

3.9 K-firms invest a proportion of their previous period’s machine sales revenue in R&D. The R&D investment for
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K-good i at time t is determined by the following equation:

RDi(t) = νSi(t− 1) for t ≥ 1 (1)

where ν is the R&D investment propensity parameter for K-firms and Si(t) represents the sales of firm i at time
t. As there are no previous sales at timestep 0,RDi(0) = 0.

3.10 K-firms pursue R&D through two approaches: innovation (IN ) and imitation (IM ). The allocation of total R&D
investment is distributed between the two methods. The investment in each R&D approach is determined as
follows:

INi(t) = ξ ×RDi(t), IMi(t) = (1− ξ)×RDi(t) (2)

where ξ is the innovation process investment allocation parameter.
3.11 The success probability of each R&D process is determined by the allocated investments and established tech-

nological level. Given the probability of success, the outcome of each process was determined using Bernoulli
sampling, as assumed in the K+S model. In addition to the assumption in the original K+S model, where only
the allocated investment influences the success probability, we introduce an additional assumption: the higher
the established technological level, the lower the success probability. To model this assumption, we calculate
the current technological level with the L2 norm for pair (Aτ

i , B
τ
i ) and divide the allocated investments INi(t)

and IMi(t). Here,(Aτ
i , B

τ
i ) represent the established levels of technology from previous timestep as below.

Aτ
i (t) = Ai(t− 1) for t ≥ 1, Bτ

i (t) = Bi(t− 1) for t ≥ 1 (3)

For timestep 0, Aτ
i (0) and Bτ

i (0) are randomly sampled from uniform distributions.1 Assuming diminishing
innovation probability, the success probability for each R&D process is calculated as follows:

θINi (t) = 1− e−ζ1INi(t)/
√

(Aτ
i (t))

2+(Bτ
i (t))

2
, θIMi (t) = 1− e−ζ2IMi(t)/

√
(Aτ

i (t))
2+(Bτ

i (t))
2 (4)

Here, ζ1 and ζ2 are the success parameters for innovation and imitation R&D processes, respectively.
3.12 If the innovation process succeeds, the firm attains a new technological level that increases by a random pro-

portion from its current technological level. We have added the assumption that, in this process, the higher the
current technological level, the smaller the increase in the technological level. Again, to model this assumption,
we divide the increase in technological level by the current technological level, which is calculated as the L2
norm for pair (Aτ

i , B
τ
i ). The original K+S model modeled the innovation process asAIN

i (t) = Aτ
i (t)(1+x

A
i (t))

andBIN
i (t) = Bτ

i (t)(1 + xBi (t)), where xAi and xBi are randomly sampled from a beta distribution. However,
as our model assumes diminishing returns, the new technological level after a successful innovation process is
determined by the following formula:

AIN
i (t) = Aτ

i (t)

(
1 +

xAi (t)√
(Aτ

i (t))
2 + (Bτ

i (t))
2

)
,

BIN
i (t) = Bτ

i (t)

(
1 +

xBi (t)√
(Aτ

i (t))
2 + (Bτ

i (t))
2

) (5)

Here, xAi and xBi are random numbers sampled from a beta(α1, β1) distribution within the range [X,X].
3.13 If the imitation process succeeds, then the firm acquires the technological level of another randomly selected

firm. Here, the selection of the other firm is random, but weighted by technological proximity, denoted byWi.
In other words, a firm is more likely to imitate another firm with a similar technological level to its own. We
determine the firm to be imitated, indexed by k∗, as follows:

Wi = (wi1, . . . , wiNFk
) where wik =


1√

(Aτ
i (t)−Aτ

k(t))
2 + (Bτ

i (t)−Bτ
k (t))

2
for k ̸= i,

0 for k = i

k∗ = argmax
j∈{1,2,...,NFk

}
Xj where X = (X1, X2, . . . , XNFk

) ∼ Multinomial(1,Wi)

AIM
i (t) = Aτ

k∗(t), BIM
i (t) = Bτ

k∗(t)

(6)

3.14 After the R&D process concludes, K-firms compare their current technology (τ ) with technologies obtained from
innovation (IN ) and imitation (IM ). They then choose the optimal technology as their final technology, con-
sidering both the price (pi) of the machine, determined by Bi and the machine’s performance, determined by
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Ai. First, we model the price of a machine created from each process, considering the efficiency of producing
machines,Bi.

phi (t) = (1 + µ1)
wage(t)

Bh
i (t)

, h ∈ {IN, IM, τ} (7)

Firm i selects its final technology by minimizing the following equation among the given technological levels:

h∗= argmin
h

[phi + b× c(Ah
i (t), t)], h ∈ {IN, IM, τ}

Ai(t) = Ah∗

i (t), Bi(t) = Bh∗

i (t), pi(t) = ph
∗

i (t)
(8)

Here, b is the payback period parameter and c(Ah
i (t), t) signifies the unit production cost required to produce

consumption goods at time t using the machine with performanceAh
i , defined by wage(t)

Ah
i (t)

. The final technolog-
ical levels and prices are notated asAi, Bi, and pi, respectively, as stated above.

3.15 Finally, K-firms promote their technological capabilities by sending brochures containing information about
the prices and productivity of their machines to potential customers (C-firms). The potential customers consist
of past and randomly selected customers. The number of new customers (NC) depends on the number of past
customers (HC), given by

NCi(t) = max(γHCi(t),mc−HCi(t)) where HCi(0) = 0 (9)

where γ is the new customer sample parameter andmc is the minimum number of all customers.

3.16 In the market protocol, the price setter in the capital goods market is the supplier, that is, the K-firm. Con-
sumers–namely, consumer goods firms–accept prices as given. Each K-firm applies a markup to the unit cost
of producing a single capital good, which is determined by its technological level. The markup rate is uniform
across firms and remains constant over time. Thus, firms do not derive additional benefits from markups. In-
stead, K-firms with superior technology can lower their unit production costs, and consequently, their prices.
This allows them to attract larger customer bases through price competition. However, because not all con-
sumer goods firms receive brochures for every capital good, the firm offering the lowest price does not monop-
olize the entire market.

Planning and investment (PI) step

3.17 In the PI step, C-firms formulate a production plan and proceed with capital investments based on this plan.
Additionally, in the credit-augmented K+S model, there is an added process in which C-firms secure insufficient
funds through financing. The bank agent determines the approval of loan requests from C-firms.

3.18 These processes and general equations are the same as those in the original K+S model, but we use the CD
function instead of Leontief fixed-proportional function in the K+S model for the production function of a C-firm.
Therefore, each firm’s demand for labor and capital investment is calculated differently in our model based on
the changed production function, as in Equations 11 and 12.

3.19 First, the target production levels of(QT
j ) C-firms are determined based on the expected demand (De

j ) and target
inventory levels (NT

j ). Each value is formalized using the following equations:

QT
j (t) = De

j (t) +NT
j (t)−Nj(t− 1) where De

j (t) = Dj(t− 1) and NT
j (t) = ιDe

j (t) for t ≥ 1 (10)

Here, Dj(t − 1) and Nj(t − 1) represent the actual demand and inventory levels from previous timestep, re-
spectively. ι is the target inventory-level parameter. For timestep 0, QT

j (0) = 0, Dj(0) = Kj(0), and Nj(0) =

ιDj(0).2 For the demand expectation, just as in the original K+S model, each firm assumes that demand in the
next timestep will be exactly the same as in the previous one. However, this assumption is limited because it
does not account for changes in market conditions over time, nor does it allow firms to adjust their demand
or target production accordingly. In future studies, revising this demand–expectation function could make the
model more realistic.

3.20 To achieve their target production levels, C-firms determine the necessary amount of labor based on their cur-
rent capital. In traditional economic equilibrium models, firms typically choose optimal amounts of capital and
labor to meet their production targets, considering wages and the prices of capital goods. However, in reality,
a time delay exists between ordering and receiving a capital good. In other words, investment in capital goods
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is only reflected in a firm’s total capital in the following period: Consequently, C-firms must determine their re-
quired labor based on their existing machinery. This target level of labor is denoted asLT

j (t) and formulated as
follows:

LT
j (t) =

(
QT

j (t)

Aavg
j (t)×Kj(t)α

) 1
1−α

where Aavg
j (t) =

∑Kj(t)
k=1 Ak

j (t)

Kj(t)
(11)

Here,α represents the CD alpha,Kj(t)denotes the number of machines currently owned by firm j. Additionally,
Ak

j (t) is the machine performance of k-th capital good of firm j, andAavg
j signifies the average performance of

the owned machines.3

3.21 Next, C-firms create capital investment plans to acquire machines from K-firms. The C-firm firm chooses its
preferred machines from the brochures received at this time step and purchases the machines from the corre-
sponding K-firm. Preferred products refer to those with the lowest value according to Equation (8).

3.22 Capital investments can be divided into expansion and replacement. In the expansion process, C-firms aim to
optimize the ratio of labor to capital by expanding their machine capacity. The optimal amount of capital is
achieved when the marginal product of labor equals the marginal product of capital for an additional unit of
money spent. Therefore, our model remodeled each firm’s optimal capital levelK∗

j (t) as follows:

K∗
j (t) =

α× η × wage(t)×A∗
j (t)× LT

j (t)

(1− α)× p∗j (t)×Aavg
j (t)

(12)

Here, η is machine’s physical scrapping age parameter, wage(t) represents the wage at time t, and A∗
j (t) and

p∗j (t)denote the performance and price of the most preferred machine among the brochures that firm j receives
at the current timestep. Here, wage(t) at timestep 0 is 1 and is updated in the following steps.

3.23 Notably, labor demand for the next time step decreases when wages increase, through Equation (12). When
wages increase relative to the cost of capital, the optimal capital investment level increases. Consequently, the
firm requires less labor in the next time step due to the increased availability of capital, leading to a reduction
in labor demand. Thus, labor demand decreases as wages increase in our market protocol.

3.24 However, to prevent ordering an excessive number of machines, the number of machines that could be ex-
panded simultaneously was constrained. The expansion upper limit is set below a certain percentage of the
existing capital. Consequently, the final target amount of additional capital for expansion, EITj (t), is defined
by the following equation:

EITj (t) = min
(
K∗

j (t)−Kj(t), δKj(t)
)

(13)

Here, δ denotes the maximum capital expansion rate.

3.25 In the replacement process, C-firms replace machines that significantly underperform compared to the lat-
est products or have reached the end of their lifespan (η). Machines are considered candidates for replace-
ment if they meet the following conditions: substantial performance degradation. Consequently, the final tar-
get amount of additional capital for replcaement,RST

j (t) is defined as follows:

RST
j (t) =

∣∣∣∣∣
{
k ∈ Ξj(t)

∣∣∣∣ p∗j (t)

c(Ak
j (t), t)− c(A∗

j (t), t)
≤ b and c(Ak

j (t), t) ≥ c(A∗
j (t), t), or age

k
j (t) > η

}∣∣∣∣∣ (14)

Here, Ξj(t) is the set of indices for the machines firm j owns at time t, that is, Ξj(t) = {1, 2, ...,Kj(t)}. agekj (t)
is the age ofkthmachine of the jthC-goods firm at time t. In addition,p∗j denotes the price of the most preferred
product from the brochures received at this time step. c(A(t),t) is the unit production cost function and is defined
by wage(t)

A(t) as in RD step. Finally, the target level of capital investment,KT
j (t), is determined by:

KT
j (t) = EITj (t) +RST

j (t) (15)

3.26 After formulating plans for production and capital investment, C-firms assess the financial feasibility of their
plans. If the firm can employ the required amount of labor and expand (or replace) capital with current liquidity,
there is no issue. However, if this is not feasible, C-firms request financing from banking agents. The necessary
credit demand is

CDe
j (t) = max

(
0, wage(t)× LT

j (t) + p∗j ×KT
j (t)−NWj(t)

)
(16)

Here,NWj(t) represents the liquidity of firm j at time t.NWj(0) is sampled from Uniform distribution.4.
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3.27 The bank agent determines the approval of loan requests from C-firms. Initially, the bank decides on the amount
of total credit to supply in the market based on the firms’ liquidity, following the formula below:

MTC(t) = k

NFK∑
i=1

NWi(t) +

NFC∑
j=1

NWj(t)

 (17)

where k is the credit multiplier parameter. Importantly, banks provide loans only to consumer goods firms, and
not to K-firms. In our model, K-firms invest a constant proportion of their revenue in R&D, and sell only the
quantity they can produce when they are unable to meet full demand; thus, they do not require loans.

3.28 Subsequently, the bank agent assesses loan requests, starting with firms that exhibit high sales, thereby fa-
voring those with stronger performance. For each firm, the bank considers the DSR and remaining credit to
determine whether to approve the loan and the loan amount. The loan amount for firm j is determined using
the following equation:

CDj(t) = min (CDe
j (t), λ× Sj(t− 1)− debtj(t), MTC(t)−

NFC∑
j=1

debtj(t)) (18)

whereλ denotes the maximum DSR parameter. Also, debtj(t) is total amount of debt that firm j has at timestep
t and debtj(t) = 0.

3.29 Finally, C-firms adjust their production and investment plans based on approved loan amounts. In this process,
firms prioritize maintaining workforce employment over investing in it. Consequently, firms facing financial
constraints first reduce their investment levels and subsequently reduce their employment. Therefore, the final
labor demand of firm j,Ld

j (t) and final capital demand,Kd
j (t), are formalized as follows:

Ld
j (t) = min

(
LT
j (t),

NWj(t) + CDj(t)

wage(t)

)
Kd

j (t) = min

(
KT

j (t),
NWj(t) + CDj(t)− wage(t)× Ld

j (t)

p∗j (t)

) (19)

3.30 Then, the production demand for K-firm i, Qd
i (t), is the total amount of machines ordered by C-goods firms

targeting it. To meet demand within its liquidity,NWi(t), K-goods firm i requires labor,Ld
i (t), as follows:

Ld
i (t) = min

(
Qi(t)

Bi(t)
,
NWi(t)

wage(t)

)
(20)

For K-firms, the initial liquidity,NWi(t) is sampled from uniform distribution.5Furthermore, they do not secure
loans from the bank but instead adjust their hiring plans according to their liquidity.

Production and hiring (PH) step

3.31 In the PH step, we follow the original K+S model and equations; however, in our model, we use the CD function
as the production function of each C-firms, as mentioned above. This causes a difference in Equation (22).

3.32 In this step, both the K- and C-firms hire as much labor as possible up to their demand. Because all households
wish to be employed, the total labor supply equals the number of households,NH . If the overall labor demand
across all sectors is lower than the available labor supply (NH ), then the final labor employment for each firm
Lh equals the required labor amount. Conversely, if the total employment demandLD surpasses labor supply,
firms uniformly reduce their final labor employment from the required labor amount. The following formulas
are used to ascertain the final labor employment for each firm:

Lh(t) = ⌊Ld(t)× NH

LD(t)
⌋ where LD(t) =

NFK∑
i=1

Ld
i (t) +

NFC∑
j=1

Ld
j (t) (21)

3.33 Next, based on the determined labor employment, firms initiate production of their products. The production
quantity of each firm is

Qi(t) = Lh
i (t)×Bi(t), Qj(t) = Aavg

j (t)×Kj(t)
α × Lh

j (t)
1−α (22)
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K-firms dispatch manufactured machines to C-firms, which place orders. However, if limitations in liquidity and
employment impede their capacity to produce a sufficient number of machines, these firms will proportionally
reduce the machine supply for each client from the required amount. The dispatched machines then serve as
production factors from the next time step onward. These processes are formulated as follows:

Ks
j (t) = Kd

j (t)×min

(
Qj(t)

Qd
j
(t)
, 1

)
and Kj(t+ 1) = Kj(t) +Ks

j (t) (23)

Here, j represents the index of the K-firm from which C-firm j has ordered machines, andKs
j denotes the num-

ber of machines that K-firm j can supply to C-firm j. The machines supplied are incorporated into the inventory,
Nj , of C-firm j as follows:

Nj(t) = Nj(t− 1) +Qj(t) (24)

Sale and consumption (SC) step

3.34 For the SC step, we follow the update rules for markup, competitiveness, and market share of the K+S model,
as in Equations (25), (27), and (28), respectively. In addition, the equations for the product price of each C-firm,
the total consumption, and the demand and revenue of each firm are derived based on the description written
in the K+S model.

3.35 During this step, C-firms set prices for their products, and the firms’ final revenue is determined based on these
prices. The K+S model relies on the assumption of markup pricing. To establish the price of the consumption
good, the initial step involves determining the markup rate. The markup rate (µj) is specific to each C-goods
firm and is determined as follows, considering the market share trend (fj) from previous time steps6

µj(t) = µj(t− 1)×
(
1 + ρ× fj(t− 1)− fj(t− 2)

fj(t− 2)

)
for t ≥ 2 (25)

where ρ is the markup rate coefficient.
3.36 Firms determine the final price of a consumption good based on a predetermined markup rate and production

cost of the product. To simplify the model, the production cost only considers the cost of labor (wages), and the
depreciation cost of capital is incorporated into the markup rate. In summary, the final product price for C-firms
is

pj(t) =
(1 + µj(t))× Lh

j × wage(t) +Nj(t− 1)× pj(t− 1)

Qj(t) +Nj(t− 1)
(26)

3.37 Next, to determine the revenue of C-firms, the market competitiveness (Ej) of each firm is calculated. A firm’s
market competitiveness is assessed on the basis of the following two factors: First, given our assumption that
goods are homogeneous, lower-priced products are more competitive. Second, the unfilled demand from the
previous time step is considered. From the consumer’s perspective, this reflects how well a firm predicts de-
mand and supplies an adequate quantity of the product. In summary, a firm’s competitiveness is determined
through the following equation7

Ej(t) = −ω1pj(t)− ω2lj(t− 1) for t ≥ 1 (27)

where ω1 and ω2 are the weighting parameters for price and unfilled demand, lj respectively.
3.38 The market share of each firm was determined based on its market competitiveness. Comparing a firm’s market

competitiveness with the average market competitiveness of C-firms, we increase the market share of firms with
higher competitiveness and decrease the market share of those with lower competitiveness. The market share
update formula is as follows:8

fj(t) =
fj(t)∑NFC

j′=1 fj′(t)
where fj(t) = fj(t− 1)×

(
1 + X × Ej(t)− E(t)

E(t)

)

and E(t) =

NFC∑
j′=1

fj′(t− 1)× Ej′(t) for t ≥ 1

(28)

Here,X represents the replicator dynamics coefficient parameter. fj(t) is a factor that reflects competitiveness
and the final market share fj(t) is normalized to sum to 1.

JASSS, 28(3) 5, 2025 http://jasss.soc.surrey.ac.uk/28/3/5.html Doi: 10.18564/jasss.5710



3.39 Finally, the firms determine their ultimate revenue based on their market share. Household agents consume
all wages earned through labor and the entire unemployment subsidy at this time step. The unemployment
subsidy is set as a fixed percentage of wages. Therefore, total consumption is calculated as

C(t) = LD(t)× wage(t) + (LS − LD(t))× ϕ× wage(t) (29)

whereϕ is the unemployment subsidy rate parameter. urther, total labor supply,LS equal toNH as mentioned
in the PH step.

3.40 Reflecting the market share of C-firms, total consumption is allocated to the demand for firms’ products. C-
firms determine their final revenue based on the demand for products (Dj(t)) and current inventory (Nj(t)). If
inventory is insufficient to meet product demand, then we treat it as unfilled demand, which adversely affects
future market competitiveness. In summary, the product demand and final revenue of firms are determined
using the following equations:

Dj(t) = ⌈C(t)× fj(t)

pj(t)
⌉, Sj(t) = min (Dj(t), Nj(t))× pj(t) (30)

Balance-sheet update (BU) step

3.41 The equations used in the BU step follow those used in the K+S model. In this BU step, the final profits of firms
in both sectors are calculated and corporate taxes and bank repayments are reflected in their liquidity. Addi-
tionally, market indicators such as average labor productivity and the unemployment rate are computed, and
based on these, wages are updated. Finally, the firms experience market exits and entries.

3.42 First, K-firms calculate their profits (Πi) by subtracting R&D investment and the cost of machine production
from the revenue generated by selling machines. Next, they receive interest in their deposit, apply corporate
taxes to profits, and update liquidity as follows:

Πi(t) = Si(t)− wage(t)× Lh
i (t)−RDi(t),

NWi(t+ 1) = NWi(t) +NWi(t)× rd + (1− tr)×Πi(t) where rd =
(1− πd)× r

4

(31)

Here, tr represents the corporate tax rate parameter and rd represents the quarterly interest rate for the de-
posits, considering the bank markdown rate, πd.

3.43 C-firms calculate profits by subtracting the capital investment and production costs of goods from the revenue
generated by selling consumption goods. For the loan repayments, we assume that the bank uses the equal
principal and interest payment method. As with K-firms, they receive interest on their deposits, pay corporate
taxes, repay the principal and interest on the loan, and update their liquidity, as follows:

Πj(t) = Sj(t)− wage(t)× Lh
j (t)− p∗j ×Ks

j (t),

NWj(t+ 1) = NWj(t) +NWj(t)× rd + (1− tr)×Πj(t)− loanRepaymentj(t) where

loanRepaymentj(t) = debtj(t)× rl ×
(1 + rl)

pr

(1 + rl)pr − 1
where rl =

(1 + πu)× r

4

(32)

3.44 Here, rl represents the quarterly interest rate on the loan considering the bank markup rate, πu.
3.45 Next, market indicators such as the average labor productivity (AB) and employment rate(EM) are calculated.

Both indicators were updated using the following equations:

AB(t) =

∑NFC
j=1 Qj(t)

(
∑NFC

j=1 Kj(t))α(
∑NFK

i=1 Lh
i (t) +

∑NFC
j=1 Lh

j (t))
1−α

EM(t) =

∑NFK
i=1 Lh

i (t) +
∑NFC

j=1 Lh
j (t)

NH

(33)

3.46 For real wages, a decrease in labor productivity or the employment rate reduces the value of hiring labor, leading
firms to lower wage levels. Accordingly, the wage is updated as follows:

wage(t+ 1) = wage(t)× (1 + ψ1
AB(t)−AB(t− 1)

AB(t− 1)
+ ψ2

EM(t)− EM(t− 1)

EM(t− 1)
for t ≥ 1 (34)
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Here,ψ1 andψ2 are the coefficients for wage updates related to labor productivity and the unemployment rate,
respectively. For initial conditions,wage(0) andwage(1) are both 1. The inventory levels of C-firms are updated
as follows:

Nj(t) = max(Qj(t)−Dj(t), 0) (35)

3.47 Finally, firms with low competitiveness exit and new firms enter. Assuming a fixed number of firms, an equal
number of new firms enter the market. For K-firms, exit occurs if there are no product sales for three consecutive
periods. C-firms, will consider an exit if there is no demand or if they cannot engage in production because they
lack capital or liquidity. The exit processes for both firms can be formulated as follows:

K − firm i exits if Si(t) = Si(t− 1) = Si(t− 2) = 0

C − firm j exits if NWj(t) < 0 or Dj(t) = 0 or Kj(t) = 0
(36)

The new C-firms that replace the exiting firms start with the same initial conditions for firms at timestep 0. K-
firms enter the market with initial cash sampled from a uniform distribution.9New entrants typically enter the
market with a lower average level of technology compared to the existing firms.10

Output Validation

4.1 Prior to performing the experiments with our model, we validated it by comparing the simulation results with
real data. We used South Korea’s historical data spanning three decades (1991-2020), encompassing 120 quar-
ters. The validation targets were chosen based on three aspects: output, capital, and labor. To address the gap
between the simulation model and the real world, each validation dataset was scaled to be the same as the cor-
responding simulation results at one reference time. The first quarter of 1991 served as the reference time for
Log Real GDP, whereas the first quarter of 2010 was the starting point for the equipment investment index, em-
ployment rate, and wages. Detailed information on the validation data and corresponding simulation outputs
is summarized in Table 1.

Table 1: Validation targets and simulation outputs

Division Historical Data Data Source Sampling Period Simulation Output

Output Real GDP Bank of Korea 1991-2020 Total consumption good output
Capital Equipment Investment Statistic Korea 1995-2020 Consumption-goods firms’ investment

Index
Labor Employment Rate Statistic Korea 1999-2020 Employment rate

Hiring Rate OECD 2000-2020 Employment rate
Wage Korean Ministry of 2006-2020 Wage

Employment Labor

4.2 The simulation results for each validation target are averaged over 50 replicates. Over 170 timesteps from the
results, we used data from the last 120 timesteps, each of which corresponded to one-quarter in the real world.
During the discarded first 50 timesteps, each firm, with randomly sampled capital and assets at the beginning,
grows into an enterprise of a specific size, constructing a realistic industrial organization in the model. Also,
the output data tend to stabilize after this burn-in period of 50 timesteps, as shown in Appendix B. The entire
parameter list of our model is presented in Table 2. We use the same values as Dosi’s model (Dosi et al. 2013)
for those that did not undergo calibration.

4.3 The validation results showed consistent matching in trends between each simulation and validation data, as
shown in Figure 3. To evaluate our model quantitatively, the Mean Average Percentage Error (MAPE) served as
the performance measure. The MAPE for each validation target is shown in each subfigure of Figure 3. All of these
values were less than 15%. This result implies that our model performs well under the current assumptions and
effectively captures historical data trends.
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Figure 3: Output validation results for Korean macroeconomic trends (1991-2020).

4.4 When validating for GDP, we used the logarithm of real GDP, as illustrated in Figure 3a. This is because when
the absolute change is small, taking the logarithm allows for a more detailed understanding of the trend as it
amplifies relative changes on a finer scale. For calculating the MAPE of employment rate, we use two different
references for the validation data to calculate the MAPE of the employment rate. In the real economy, the em-
ployment rate refers to the proportion of people who are employed out of the labor force, while the hiring rate
refers to the proportion of employed individuals within the total population. Since the labor force is a subset of
the total population, the employment rate is typically higher than the hiring rate. In contrast to the real world,
our model assumes that no households drop out of the labor force and all are willing to work, so the total popu-
lation is equivalent to the labor force. As a result, the employment rate in our model is expected to fall between
the real-world employment rate and the hiring rate. To bridge this gap, we use the average of the two real-world
rates as a benchmark in our fitness calculation.
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Table 2: Summary of the model input parameters

Symbol Description Value Calibrated

ζ1 Innovation success rate 0.3 Y

ζ2 Imitation success rate 0.32 Y

(α1, β1) Beta distribution parameter for innovation (3,3) Y

(X, X) Beta distribution support for innovation (-0.2,0.35) Y

µ1 Mark-up coefficient (capital) 0.18 Y

µ0 Mark-up coefficient (consumption) 0.57 Y

ρ Mark-up rule coefficient 0.06 Y

ι Desired inventory level 0.2 Y

δ Maximum capital expansion rate 0.2 Y

DSR Maximum debt to sales ratio 2 Y

ψ1 Wage coefficient for labor productivity 0.89 Y

ψ2 Wage coefficient for unemployment rate 0.14 Y

ω1 Competitiveness coefficient for price 0.7 Y

ω2 Competitiveness coefficient for unfilled demand 0.35 Y

χ Replicator dynamics coefficient 0.06 Y

υ Initial employment rate 0.66 Y

mc Minimum client 5 Y

γ New client sampling rate 0.04 Y

k Credit multiplier 4 N

NFk Number of capital-goods firm agents 50 N

NFc Number of consumption-goods firm agents 200 N

NH Number of Household agents 3000 N

T Maximum simulation run time 120 N

ν R&D investment propensity 0.04 N

ξ R&D allocation to innovative process 0.5 N

b Payback period 3 N

η Physical scrapping age 20 N

α Cobb-douglas alpha 0.3 N

r Interest rate 0.025 N

(πu, πd) Mark up and down for interest rates on deposits and loans (0.5,1) N

pr Loan principle repayment rate (maturity) 20 N

tr Tax rate 0.1 N

ϕ Unemployment subsidy rate 0.4 N

NW init Initial average liquidity of firms 50 N

Aavg Initial average machine performance 1 N

(α2, β2) Beta distribution parameter for new entrants’ technological level (4,2) N
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Policy Experiment

5.1 The objective of the policy experiment was to analyze the effects of financial policies on market concentration,
economic growth, and labor income share. For financial policies, we chose the upper limit of DSR and the in-
terest rate, which regulate the quantity and cost of finance, respectively. To facilitate a direct comparison of the
effects of the DSR limit and interest rates, the experimental results in the following sections are consistently
analyzed in the direction where more financing is provided: an increase in the DSR limit and a decrease in the
interest rate.

5.2 For proxies of market concentration, economic growth, and labor income share, we use the Herfindahl-Hirschman
Index (HHI), the real GDP growth rate, and the labor income share as a proportion of total income, respectively.
The HHI is defined as the sum of the squared values of the market share of C-firms. Real GDP was calculated as
the sum of the total production of consumption goods. The labor income share is measured as the proportion
of nominal wages paid to households employed by C-firms out of the total nominal value of the production of
consumption goods. We performed both descriptive and regression analyses to investigate the effects of finan-
cial policies on the three dependent variables. For the regression analysis, the dependent variables were HHI,
economic growth, and labor income share, while the independent variables were financial policy variables.

5.3 Table 3 summarizes the experimental design of the policy experiment for RQ 1 and RQ 2 regarding the sampling
of the policy variables. ‘Exp 1’ and ‘Exp 2’ are descriptive analyses that examine the impact of a single finan-
cial policy change. For each financial policy, 300 values were sampled, whereas the other financial policy was
fixed at the same value used in the output validation. When the DSR limit is sampled for 300 times, the interest
rate is fixed as 0.025 and we denote this experiment as ‘Exp 1’. Conversely, when the interest rate is sampled
for 300 times, the DSR limit is fixed as 2 and we denote this experiment as ‘Exp 2’. Our model was simulated
using 20 replicates per value. The HHI, GDP growth rate, and labor income share were averaged over these 20
replications. Also, we utilized these output data from the last period of the simulations. In the case of ‘Exp 3,’ it
is a joint regression analysis where both variables change simultaneously. A total of 2500 (DSR, r) combinations
were sampled at regular intervals within the sampling range and 20 simulation replications were conducted for
each sample. The outcomes were averaged across these replicates and the values during the final simulation
period were used. The notations, ‘Exp 1,’ ‘Exp 2,’ and ‘Exp 3’ are consistently used in RQ 1 and RQ 2 to denote
the same experiment settings. The following three subsections demonstrate how each outcome changes with
the alteration in the two different financial policies.

Table 3: Experimental design for the impact of financial policies on business dynamism

Experiment Policy Variables Sampling Range Number of Policy Samples Number of Replications

Descriptive Analysis

Exp 1 Debt-to-Sales Ratio DSR ∼ Unif [1, 8] 300 DSR samples 20 replications for each sample
(DSR) (20 * 300 = 6000 replications)

Exp 2 Interest Rate r ∼ Unif [0.01, 0.1] 300 r samples 20 replications for each sample
(r) (20 * 300 = 6000 replications)

Regression Analysis

Exp 3 DSR, r (DSR, r) ∼ Unif [1, 8] × Unif [0.01, 0.1] 2500 (DSR,r) samples 20 replications for each sample
(20 * 2500 = 50000 replications)

RQ 1. The impact of finance on market concentration

5.4 In this subsection, we investigate how HHI changes with variations in DSR values and interest rates in the ‘Exp
1’ and ‘Exp 2’ setups from Table 3, respectively. The results are presented in Figures 4a and 4b. The impact of
financing on market concentration varies depending on the policy type. As shown in Figure 4b, a decrease in the
interest rate (r) leads to a decline in the HHI, suggesting that financing facilitated by an expansionary financial
policy reduces market concentration and promotes the growth of small firms. By contrast, the DSR limit exhibits
a nonlinear relationship with market concentration, as illustrated in Figure 4a. The HHI decreased when the DSR
limit was below 5 but increased when it exceeded 5, forming a U-shaped trend. This implies that relaxing the
DSR limit to a certain level promotes the growth of small firms more than that of large firms. However, if DSR
regulation is excessively loosened, resulting in an excessive quantity of financing flowing into the market, large
firms will increasingly dominate as the regulation is eased. The reasoning behind these nonlinear trends in
market concentration is closely examined through the firm-level analysis provided in Subsection RQ1-1. How
are financing allocated to firms?.
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Figure 4: The impact of changes in financial policies on Herfindahl-Hirschman Index(HHI).

5.5 We also conducted statistical tests using the joint regression models below to analyze the impact of financial
policies on HHI. For the regression, DSR and interest rates are simultaneously sampled, as in the ‘Exp 3’ setup
of Table 3. HHIi, DSRi and ri represent HHI, DSR limit, and the interest rate, respectively, for policy case i.
The baseline model for the regression is represented by Equation 37.

HHIi = β0 + β1 × ri + β2 ×DSRi + ϵi (37)

Two additional terms were included in the analysis for comparison with the baseline model. One is the quadratic
term for DSR, which is added to capture the nonlinear relationship between HHI and the DSR limit. The second
is the interaction term between the interest rate and DSR, which is included to analyze the joint impact of the
two variables. The results of the regression analysis are presented in Table 4.

Table 4: Regression analysis for the impact of financial policies on HHI. Notes: The numbers in parentheses de-
note the standard errors of estimated coefficients above. ***, **, and * represent 1%, 5%, and 10% significance,
respectively.

HHI
(a) (b) (c) (d)

Constants 55.304∗∗∗ 66.896∗∗∗ 58.133∗∗∗ 69.725∗∗∗

(0.218) (0.215) (0.373) (0.270)

r 41.268∗∗∗ 41.268∗∗∗ -10.173∗ -10.173∗∗∗

(2.587) (1.541) (6.109) (3.524)
DSR -0.142∗∗∗ -6.663∗∗∗ -0.771∗∗∗ -7.292∗∗∗

(0.033) (0.099) (0.075) (0.102)
DSR2 0.725∗∗∗ 0.725∗∗∗

(0.011) (0.010)
r ∗DSR 11.431∗∗∗ 11.431∗∗∗

(1.234) (0.712)

Observation 2500 2500 2500 2500
R-squared 0.098 0.68 0.128 0.71
Adj.R-squared 0.098 0.68 0.127 0.71

5.6 As shown in Table 4, in model (d), in addition to r and DSR, the coefficients of DSR2 and the interaction term
between r and DSR are significant. The significance ofDSR2 supports the nonlinear relationship between DSR
and HHI. This indicates that, unlike interest rates, where more financing consistently favors the growth of small
firms, DSR exhibits a tipping point beyond which it becomes more advantageous for large firms. Furthermore,
the positive significance of the interaction term between r and DSR indicates that the combined effect of these
two variables is amplified compared with their individual effects. Specifically, when the interest rate is higher,
the effect of relaxing DSR regulations on increasing the HHI becomes more pronounced. A more detailed rep-
resentation of how HHI changes when both variables change together is provided in the visual heatmap in Ap-
pendix C.
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RQ 1-1. How is financing allocated among different firms?

5.7 This subsection examines how financing is supplied to firms of different sizes as the DSR limits change. This
micro-level approach aims to thoroughly analyze the rationale behind the macro-level nonlinear trends in mar-
ket concentration, as discussed earlier.

5.8 We conducted a firm-level analysis to investigate each firm’s loan acquisitions. To compare the different scenar-
ios of DSR regulations, we selected three distinct levels of the DSR limit—2, 5, and 8—for the simulation. These
levels were chosen because the HHI exhibited a U-shaped trend around a DSR value of 5 in the experiment for
RQ 1. For each scenario, all parameter values remained consistent with those in Table 2, except for the DSR
regulation level. We did not replicate the analyses across simulations because the sizes of the firms varied with
each replication. Instead, we tracked the sales and debt of each of the 200 C-firms in the last timestep of a single
simulation run.

5.9 In Figure 5, we illustrate the amount of debt for each C-firm under three scenarios, examining how the amount
of debt varies based on the firm’s sales in each scenario. In each scenario, the maximum available debt for each
firm based on its sales under the given DSR limit is depicted as a gray dotted line in the figure. As shown in Figure
5a, most firms succeed in acquiring the maximum possible amount of debt based on their sales for DSR limits
of two and five. However, Figure 5b demonstrates different results under a DSR limit of 8 compared with those
under a DSR limit of 2. Under the DSR limit of eight, large firms do not secure loans for the maximum possible
amount. This reflects the situation where DSR regulation is exceptionally relaxed, resulting in the desired loan
amounts for each large firm being more than adequately fulfilled. On the contrary, extremely small firms that
fall behind in loan priority acquire little debt or even none from the bank. This illustrates a situation in which
credit is concentrated in large firms.

Figure 5: Comparison on the amount of debt and the market share of firms within different levels of DSR regu-
lation.

5.10 We also conducted statistical tests using the following linear regression model for the three different scenarios.
This regression analysis is to analyze how the amount of loans each firm borrows varies based on sales under
different levels of DSR regulations. The regression model for firms’ debt and sales is given in Equation 38, where
index i indicates each of the 200 C-goods firms.

Debti = β0 + β1 × Salesi + ϵi, i = 1, 2, ...200 (38)

According to the regression results in Table 5, When the DSR limit is two or five, the first-order coefficients β1
are 1.937 and 5.279, which are close to 2 and 5. In addition, the R-square values are both above 0.9, indicating
that in both cases, most firms borrow up to their maximum loan limit. By contrast, when the DSR limit is eight,
β1 is 5.358, which is significantly lower than eight, and the R-squared value is also very low. This indicates that
the firms’ loan amounts do not reach the upper limit and are widely dispersed. This suggests that when the
DSR limit is too high, large firms with higher priority borrow nearly as much as they desire, whereas small firms
receive little to no loans. Consequently, small firms cannot grow or may even be forced to exit the market due to
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liquidity risk, whereas large firms dominate the market with increased financial assets, leading to an increase
in market concentration when the DSR limit exceeds five.

Table 5: Regression analysis on the correlation between DSR and Sales. Notes: The numbers in parentheses de-
note the standard errors of estimated coefficients. ***, **, and * represent 1%, 5%, and 10% significance, respec-
tively.

Sales
Scenario 1 (DSR limit=2) Scenario 2 (DSR limit=5) Scenario 3 (DSR limit=8)

Constants(β0) −13.224∗∗∗ −154.606∗∗∗ −44.439
(1.045) (12.845) (39.855)

Sales(β1) 1.937∗∗∗ 5.279∗∗∗ 5.358∗∗∗

(0.008) (0.058) (0.662)

Observation 200 200 200
R-squared 0.997 0.977 0.251

5.11 In summary, we find that excessive easing of DSR regulations can create unfair opportunities for firms based
on sales. It can concentrate financial resources on large firms and exacerbate market polarization among them.
This explains the increasing trend of HHI in Figure 4a when the DSR limit surpasses five.

RQ 2. The impact of finance on economic growth and labor income share

5.12 In this subsection, we analyze the effect of financing on economic growth and the labor income share. We exam-
ined how each financial policy, while exerting specific effects on market concentration, generates side effects
on growth and income distribution, which are closely related to market concentration. Descriptive and regres-
sion analyses were performed for each variable. Through these analyses, we compared our findings with those
of previous studies to assess consistency. Moreover, we offer implications of the impact of financial policies on
market concentration, economic growth, and income distribution.

The impact of finance on economic growth

5.13 Figure 6 illustrates how the GDP growth rate changes for each financial policy type. We sample DSR limits or
interest rates with the ‘Exp 1’ and ‘Exp 2’ setups from Table 3, respectively. From Figure 6a, the GDP growth rate
increases when DSR limit is relaxed. In addition, as shown in Figure 6b, the GDP growth rate increases as interest
rates decrease. These results demonstrate that expansionary financial policies foster economic growth, regard-
less of whether they regulate the quantity or cost of finance. This finding also coincides with the traditional view
in existing literature that financing facilitates economic growth.

Figure 6: The impact of changes in financial policies on GDP growth rate.
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5.14 We also conduct statistical tests using the joint regression models below to analyze the impact of financial poli-
cies on economic growth. GDPi, DSRi and ri represent GDP growth rate, DSR limit and interest rate at each
policy case i, sampled as in Table 3 ‘Exp 3. ’ The baseline model for the regression is represented by formula 39.

GDPi = β0 + β1 × ri + β2 ×DSRi + ϵi (39)

5.15 The regression results are presented in Table 6. The overall variance is high for the economic growth rate, lead-
ing to lower R-squared values and reduced explanatory power of the models. However, two interpretations can
be drawn from regression analysis. First, low interest rates promote economic growth. The coefficient of r is neg-
ative in Models (a) and (b), whereas it is positive in Models (c) and (d). However, this finding does not support
the hypothesis that higher interest rates foster economic growth. In Models (c) and (d), the interaction term be-
tween r and DSR is significantly negative, suggesting that when DSR is high, the adverse effect of rising interest
rates on growth becomes more pronounced. Second, DSR has a nonlinear effect on economic growth. In com-
plex model (d), where all coefficients are statistically significant, the coefficient of DSR is positive, whereas the
coefficient of DSR2 is significantly negative. This indicates that an increase in DSR may eventually slow eco-
nomic growth. Such effects were not readily observed in the analysis in which only DSR varied while r was fixed,
as shown in Figure 6b. Nevertheless, these two interpretations are explored in greater detail in the heatmap in
Appendix C, where both financial policies vary simultaneously.

Table 6: Regression analysis for the impact of financial policies on Economic Growth Rate. Notes: The numbers
in parentheses denote the standard error of estimated coefficients. ***, **, and * represent 1%, 5%, and 10% sig-
nificance, respectively.

Economic Growth Rate
(a) (b) (c) (d)

Constants 0.01∗∗∗ −0.015∗∗∗ −0.007 −0.033∗∗∗

(0.003) (0.005) (0.005) (0.006)

r −0.092∗∗∗ −0.092∗∗∗ 0.223∗∗∗ 0.223∗∗∗

(0.033) (0.033) (0.079) (0.078)
DSR 0.005∗∗∗ 0.020∗∗∗ 0.009∗∗∗ 0.023∗∗∗

(0.000) (0.002) (0.001) (0.002)
DSR2 −0.002∗∗∗ −0.002∗∗∗

(0.000) (0.000)
r ∗DSR −0.07∗∗∗ −0.07∗∗∗

(0.016) (0.016)

Observation 2500 2500 2500 2500
R-squared 0.06 0.078 0.067 0.085
Adj.R-squared 0.059 0.077 0.066 0.084

The impact of finance on labor income share

5.16 The effect of financing on labor income share varies depending on the type of policy. We sample DSR limits or
interest rates with the ‘Exp 1’ and ‘Exp 2’ setups from Table 3, respectively. Figure 7 illustrates how the labor
income share changes with each financial policy. The labor income share has a nonlinear relationship with DSR
limit, as depicted in Figure 7a. In contrast, when interest rate r decreases, the labor income share increases, as
shown in Figure 7b.

5.17 These results are in line with the impact of financing on market concentration analyzed in RQ 1. The literature
suggests that market concentration and labor income share generally have a negative correlation (Akcigit &
Ates 2021b). In our experiment, both HHI and labor share exhibited nonlinear trends with changes in the DSR
limit, and their directions appeared to be opposite. However, while HHI followed a U-shaped trend as the DSR
limit increased, labor share did not exhibit a precisely inverted U-shape. This discrepancy may arise because
previous studies asserting a negative correlation between HHI and labor share did not account for financial
factors, whereas our analysis considers their relationship within the context of changing financial policies.
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Figure 7: The impact of changes in financial policies on labor income share.

5.18 We also conducted statistical tests with the joint regression models below to analyze the impact of financial
policies on the labor income share.LSi, DSRi and ri represent the labor income share, DSR limit and interest
rate at each policy case i, sampled as in ‘Exp 3’ setups from Table 3. The baseline regression model is represented
by formula 40.

LSi = β0 + β1 × ri + β2 ×DSRi + ϵi (40)

5.19 First, regarding the interest rates in Models (a) and (b), the coefficient of r is negative, consistent with the re-
sults of the descriptive analysis. However, in Model (d), the coefficient r is positive. Nonetheless, the interaction
term between r and DSR in model (d) has a negative coefficient, indicating that when DSR is high, an increase
in interest rates leads to a decline in the labor income share. Therefore, we conclude that, in general, higher
interest rates tend to reduce the labor income share, which aligns with the findings of a previous descriptive
analysis. Next, regarding DSR, its effect on the labor income share appears to be nonlinear. In model (d), the
coefficient of the first-order term is positive, suggesting that an increase in DSR raises the labor income share
to a certain level. However, the coefficient of the second-order term is significantly negative, indicating that
beyond a certain threshold, further increases in DSR may lower labor income share. This result is consistent
with the findings in Figure 7a. Additionally, observing the signs of the coefficients, it can be confirmed that fi-
nancing has an effect on the labor income share, which is opposite to its effect on market concentration. The
heatmap of the changes in labor income share resulting from the joint variations in these two financial variables
is provided in Appendix C. This heatmap result more clearly highlights the negative correlation between market
concentration and labor income share.
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Table 7: Regression analysis for the impact of financial policies on Labor Income Share. Notes: The numbers
in parentheses denote the standard errors of estimated coefficients. ***, **, and * represent 1%, 5%, and 10%
significance, respectively.

Labor Income Share
(a) (b) (c) (d)

Constants 62.545∗∗∗ 61.758∗∗∗ 61.801∗∗∗ 61.014∗∗∗

(0.027) (0.041) (0.044) (0.049)

r −0.631∗ −0.631∗ 12.893∗∗∗ 12.893∗∗∗

(0.326) (0.294) (0.725) (0.641)
DSR 0.001 0.443∗∗∗ 0.166∗∗∗ 0.609∗∗∗

(0.004) (0.019) (0.009) (0.019)
DSR2 −0.049∗∗∗ −0.049∗∗∗

(0.002) (0.002)
r ∗DSR −3.005∗∗∗ −3.005∗∗∗

(0.146) (0.130)

Observation 2500 2500 2500 2500
R-squared 0.002 0.188 0.146 0.332
Adj.R-squared 0.001 0.187 0.145 0.331

Conclusion

6.1 We utilize ABM to examine how financing impacts market concentration and its closely related factors, eco-
nomic growth and labor income share. The results varied depending on the financial policy. Regarding the cost
of financing, lowering interest rates to enable more financing showed a linear effect: market concentration de-
creased, while economic growth and labor income share increased. What stands out in this study is the role of
DSR regulation. This regulation, which controls the quantity of financing, exhibited nonlinear effects on market
concentration depending on the policy level. This is because overly relaxed regulations can allow large firms to
dominate financial resources, making it more difficult for small firms to secure loans. This micro-level analysis
of the underlying causes was made possible through firm-level analysis, a key strength of ABM.

6.2 This study has several political and academic implications. From a policy perspective, DSR regulation, tradition-
ally considered a macroprudential tool, can be effective when used alongside interest rate policies. However,
excessively relaxing such regulations may inadvertently exacerbate inequalities among firms, underscoring the
need for a balanced approach to policy implementation. From an academic perspective, the nonlinear trend ob-
served in relation to DSR regulation highlights an integrated outcome within a single framework, encompassing
the dichotomy in existing studies that argue that financing either increases or decreases market concentration.

6.3 However, we acknowledge some limitations of this study. First, the consumption component of our model does
not follow a bottom-up approach. Instead of modeling individual households to determine how much they pur-
chase from each consumer goods firm, total consumption is allocated to each firm based on its competitive-
ness. Instead, this study focuses on the bottom-up modeling of the production component of firms. Second,
the firms in our model are not far-sighted; they predict demand for the current period based solely on previous
demand. This deviation from the principle of rational expectations of agents, as suggested by Lucas (1976), is
noteworthy. In future research, we anticipate that using a bottom-up approach to model transactions between
consumer goods firms and consumers will provide valuable insights. Additionally, extending the model to incor-
porate adaptive expectations among agents—possibly by utilizing moving averages of past demand for more
accurate predictions—would be a meaningful enhancement.
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Appendix A: Initial Conditions

The capital-goods firm

The initial technological levels of K-firms i at timestep 0 (Aτ
i (0), B

τ
i (0)) are randomly sampled from a uniform

distribution as follows:

Aτ
i (0) = Aavg × x, x ∼ Unif(0.8, 1.2)

Bτ
i (0) = Bavg × x, x ∼ Unif(0.8, 1.2) where Bavg =

(1− α)(1 + µ1)

α× η

(41)

Here,Bavg is derived from the assumptions that the marginal product of labor equals the marginal product of
capital for an additional unit of money spent and that the initial amount of capital equals the initial amount of
labor.
The initial liquidity at timestep 0,NWi(0), is randomly sampled from a uniform distribution, as follows:

NWi(0) = NW init × wage(t)× x, x ∼ Unif(0.8, 1.2) (42)

Here, NW init is the average liquidity possessed by a firm at timestep 0. Starting from NW init, the average
liquidity at timestep t increases with wages, reflecting the current price level.
When new firms enter the middle of the simulation timesteps, replacing existing firms, their initial technological
levels, (Aτ

i (t), B
τ
i (t)) are sampled up to the current maximum frontier technological level. To be specific, new

entrants typically enter the market with a lower average level of technology compared to the existing firms as
follows:

Aτ
i (t) = max

k∈SK

Aτ
k(t)× xi where xi ∼ beta(α2, β2) and SK = {1, 2, ..., NFK

}

Bτ
i (t) = max

k∈SK

Bτ
k (t)× yi where yi ∼ beta(α2, β2) and SK = {1, 2, ..., NFK

}
(43)

New firms that enter the middle of the simulation timesteps also start with the same cash condition asNWi(0).

The consumption-goods firm

The initial amount of capital that C-firm j holds at timestep 0, Kj(0), is sampled from a uniform distribution,
as follows:

Kj(0) = Kavg(0)× x, x ∼ Uniform (0.8, 1.2) where Kavg(0) =
υ ×NH

NFC

(44)

Here, the average initial capital owned by a firm, Kavg(0) is its average initial labor owned by a firm. Then,
the initial technological level of kth capital,Ak

j (0), is randomly sampled from the K-firms’ initial technological
levels. In addition, the initial age agekj (0) is randomly sampled from 1 to the maximum age η. The initial cash
at time step 0,NWj(0), is randomly sampled from a uniform distribution, as follows:

NWj(0) = NW init ∗ x, x ∼ Unif(0.8, 1.2) (45)

Finally, the initial conditions for the markup rate(µj(0)), competitiveness(Ej(0)), and market share(fj(0)) of
the consumption goods firm at timestep 0 are determined as follows:

µj(0) = µ0, Ej(0) = −ω1pj(0)

fj(0) = f initj ×
(
1 + X × Ej(0)− E(0)

E(0)

)
where f initj =

Kj(0)∑
j′∈SC

Kj′(0)
and SC = {1, 2, ..., NFC

}

(46)
Here, fj(0) is normalized to the sum of one and denoted as fj(0), the initial market share. When calculating
fj(0), we use the ratio of the initial capital to the total capital in the market as the standard, as shown in Equation
(46). Subsequently, the markup rate at timestep 1, µj(1), is determined as follows:

µj(1) = µj(0)×

(
1 + ρ×

fj(0)− f initj

f initj

)
(47)
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When a new firm enters during the simulation, its initial liquidity is sampled from a uniform distribution cen-
tered around the current average liquidity level of the existing firms,NW avg(t), as follows:

NWj(t) ∼ NW avg(t)× Uniform(0.1, 0.9)

where NW avg(t) =
∑

j′∈SC
NWj′ (t)

NFC
and SC = {1, 2, . . . , NFC

}
(48)

Also, the new entrants order machines from a randomly selected K-goods firm. The requested amount,KT
j (t), is

sampled from a uniform distribution centered around the current average capital of the existing firms,Kavg(t),
as follows:

KT
j (t) ∼ Kavg(t)× Uniform (0.1, 0.9) where Kavg(t) =

∑
j′∈SC

Kj′(t)

NFC

and SC = {1, 2, ..., NFC
}

(49)

Appendix B: Stabilization of the Simulation

We tracked how the market shares of 200 individual consumer good firms evolved over time. The experiment
was conducted using the same validated model input parameters as those listed in Table 2, and a single iteration
was run. As shown in Figure 8, the firm sizes were almost identical. However, between timesteps 40 and 60, the
companies diverged into either large or small firms through random interactions. Consequently, we discard the
initial burn-in period and use the simulation output starting from timestep 50, when firm sizes have become
sufficiently diverse in their distribution.

Figure 8: Changes in market share of C-goods firms over simulation time.

Appendix C: Joint Regression Analysis Heatmap

The following heatmap results are based on the simultaneous sampling of the DSR limit and interest rate, as
outlined in Table 3 under ‘Exp 3.’ These results show changes in market concentration, economic growth rate,
and labor income share when both policies are varied. In other words, the setup aligns with the joint regression
analyses conducted for RQ 1 and RQ 2, with all the parameters other than the financial policy variables being
identical to the calibrated parameters in Table 2.
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Figure 9: Heatmap of Joint Regression Analysis.

As shown in Figure 9, all three variables exhibit a linear trend with respect to changes in the interest rate, but
a nonlinear trend with respect to changes in the DSR limit. Specifically, as the DSR limit increases, market con-
centration initially decreases and then rises again, whereas the economic growth rate and labor income share
show the opposite pattern, first increasing and then declining. Notably, the negative correlation between mar-
ket concentration and labor income share is prominently illustrated in this figure.

Additionally, the tipping point or inflection point shifts depending on the interest rate; the lower the interest
rate, the higher the tipping point for the DSR limit. This indicates a synergistic effect of the two policies. When
interest rates are low, a substantial relaxation of DSR regulations tends to benefit small firms. However, when
interest rates are high, relaxing DSR regulations can disadvantage small firms by allowing them to dominate
the market more easily. Lastly, the negative correlation between market concentration and labor income share,
supported by previous studies, is more pronounced in Figure 9a and 9c.
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