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Abstract

This paper presents an analytical model that investigates the dynamics of rent-
seeking, innovation, and entry policies in a two-sector economy characterized by skilled
and unskilled labor. The model explores how incumbent firms in an intermediate goods
sector react to the threat of new entrants and how rent-seeking behavior influences
innovation and economic productivity. A key feature of the model is the role of a
policymaker who sets firm entry policies and responds to bribes offered by incumbent
firms seeking to restrict market entry.

The analysis distinguishes between advanced and backward incumbent firms. Ad-
vanced firms, which operate at the frontier of technological productivity, choose to
innovate to retain their competitive position in response to entry threats. In contrast,
backward firms face higher barriers to innovation and are more likely to bribe pol-
icymakers to deter new competition. The magnitude of the bribes depends on the

difference in profits with and without entry threats, as well as the costs of innovation.
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The model highlights how rent-seeking by backward firms distorts market competi-
tion, leading to suboptimal innovation and lower aggregate productivity in the skilled
sector. Policymakers, balancing between maximizing bribes and addressing wage in-
equality, face conflicting incentives. If a policymaker prioritizes welfare, they may
restrict entry to reduce wage inequality, thereby lowering competitive pressures and
innovation. Alternatively, a policymaker focused on maximizing bribes may encourage
higher entry threats, fostering innovation but exacerbating income inequality.

This paper contributes to the literature on rent-seeking and economic growth by
providing a nuanced understanding of how firm behavior, entry policies, and innovation
are interlinked, with important implications for labor markets and income inequality.
The model provides insights into the broader economic consequences of rent-seeking be-
havior and entry regulation, emphasizing the need for balanced policies that encourage

innovation while minimizing economic distortions caused by rent-seeking activities.
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1 Introduction

The relationship between economic growth, income inequality, and institutional dynamics
remains a cornerstone of modern economic research. While a vast body of literature has
explored these themes, much of it has evolved along two distinct but interconnected strands.
The first strand focuses on growth and income inequality within the framework of Schumpete-
rian growth, emphasizing how creative destruction drives innovation and long-term growth.
The second strand examines the political economy of growth, highlighting the role of in-
stitutional structures, such as democracy and rent-seeking behavior, in shaping economic
trajectories. While each strand has significantly deepened our understanding of growth dy-
namics, few studies have integrated them in a way that also considers the distributional
consequences of innovation. This paper aims to bridge this gap by developing a unified
framework where income inequality and political economy considerations jointly determine

innovation incentives and growth outcomes in a dual-sector economy.



The Schumpeterian growth literature, rooted in Joseph Schumpeter’s concept of creative
destruction [Schumpeter (1942)], places innovation at the heart of economic progress. In
these models, new technologies and products replace outdated ones, with incumbent firms
displaced by more innovative entrants. This process ensures dynamic efficiency and long-term
growth but simultaneously creates winners and losers, leading to distributional consequences.
Grossman and Helpman (1991) were among the first to highlight the role of knowledge
spillovers, showing that innovations by frontier firms reduce the cost of future innovations.
However, these spillovers are often unevenly distributed, especially when backward sectors
lack the absorptive capacity to benefit from them. This sectoral divergence can exacerbate
income inequality, particularly between skilled and unskilled labor markets.

Despite its emphasis on innovation, traditional Schumpeterian theory often overlooked
the distributional consequences of growth. However, recent contributions have addressed this
gap. For example, Xu (2013) explores the growth-inequality nexus in dual-sector economies,
highlighting how urban-rural divides—analogous to skilled-unskilled labor divides—lead to
persistent income disparities. Xu demonstrates that innovation asymmetries between sec-
tors can reinforce inequality, as backward sectors lag in adopting new technologies. This
observation raises critical questions: How do policymakers balance the growth benefits of
frontier innovation with the inequality costs of sectoral divergence? What role do market
entry policies play in moderating these effects?

Similarly, Kaufman (2018) argues that Schumpeterian innovation cycles can endogenously
generate income inequality, particularly when unskilled sectors fail to adapt to technological
advancements. In his macro-political economy model, inequality emerges not just from mar-
ket forces but also from institutional responses that may exacerbate disparities. Kaufman’s
findings underscore the need for growth models that incorporate both sectoral heterogeneity
and distributional concerns, particularly when innovation incentives are influenced by institu-
tional settings. Addressing this gap requires integrating insights from the political economy
literature, which examines how institutions and policy choices shape growth trajectories.

While Schumpeterian models have increasingly addressed distributional issues, the po-
litical economy literature has focused on how institutions mediate the relationship between

growth and innovation, particularly in contexts where rent-seeking behavior by incumbents



threatens to stifle competition. A central theme in this literature is the role of democracy
in shaping policy choices that affect market entry and innovation incentives.

Barro (1999) provides an empirical examination of the determinants of democracy, ar-
guing that while democracy is correlated with higher income levels, the causal relationship
between democracy and growth remains unclear. Barro’s findings suggest that democracy
often emerges endogenously as economies develop, implying that institutional structures
cannot be treated as exogenous when analyzing growth. This perspective is critical for un-
derstanding how policymaker preferences, shaped by income distribution concerns, influence
decisions about market entry regulation and innovation incentives.

Building on this theme, Aghion et al. (2004) develop a theoretical model of endoge-
nous political institutions, showing how majoritarian systems are more likely to arise in
societies with high inequality due to their capacity for redistribution. Conversely, propor-
tional systems emerge in more equal societies, where redistribution is less of a concern. This
distinction is critical for understanding the institutional foundations of growth because it
implies that institutional choices are not merely responses to economic development but also
determinants of how growth unfolds. In dual-sector economies, where skilled and unskilled
labor markets create divergent pressures, the potential for institutional conflict is heightened.
Policymakers in such contexts must navigate trade-offs between promoting innovation and
addressing inequality—trade-offs that this paper explicitly models.

Acemoglu et al. (2005) add complexity by showing that the positive correlation between
democracy and income disappears when country fixed effects are accounted for. This suggests
that the relationship between democracy and growth is shaped by historical and institutional
factors that persist over time. The implication is that rent-seeking behavior by incumbents
can become institutionalized, leading to persistent entry barriers and innovation blockages.
These historical institutional arrangements complicate efforts to design growth-friendly poli-
cies, especially when income inequality remains a pressing concern.

However, even when democratic institutions are in place, they do not guarantee growth-
enhancing policies. Mulligan et al. (2004) show that democracies are not inherently better at
promoting growth, as they often adopt policies that are uncorrelated with innovation, such

as education spending or corporate taxation. This raises a critical question: What drives



policymakers to adopt pro-innovation policies when faced with rent-seeking pressures from
incumbent firms? The answer, this paper argues, lies in understanding how policymaker
preferences are shaped by the interaction between inequality concerns and institutional con-
straints.

This view aligns with Acemoglu (2008), who distinguishes between oligarchic and demo-
cratic societies, arguing that oligarchies tend to block innovation to protect incumbent rents,
thereby slowing growth. Democracies, by contrast, impose checks and balances that limit
the ability of incumbents to block entry, fostering innovation. However, even in democracies,
rent-seeking behavior can persist if policymakers face incentives to prioritize redistribution
over growth. This paper extends Acemoglu’s analysis by showing how inequality concerns,
particularly in dual-sector economies, can influence entry policies in ways that either promote
or hinder innovation.

Acemoglu and Robinson (2006) further highlight how institutional factors mediate the
relationship between innovation and growth, arguing that the distribution of political power
affects the adoption of growth-enhancing policies. Their analysis shows that incumbent
elites may block innovation to protect existing rents, emphasizing the role of institutional
preferences in shaping innovation trajectories.

Acemoglu et al. (2005) explore the nuanced relationship between democracy and eco-
nomic development, finding that the benefits of democracy on growth vary across sectors,
particularly those closer to the technological frontier.

Although the Schumpeterian growth literature focuses on innovation-driven growth and
the political economy literature emphasizes institutional determinants, few studies integrate
these perspectives. Yet, the interaction between sectoral innovation dynamics and institu-
tional preferences is crucial for understanding growth trajectories, especially in dual-sector
economies.

This paper seeks to bridge this gap by developing a model that integrates Schumpete-
rian growth dynamics, political economy considerations, and income inequality concerns.
While existing literature has shown that democracy reduces entry barriers and promotes
innovation [e.g. Aghion et al. (2005), Rodrik and Wacziarg (2005)], it has not explored how

income inequality itself can serve as an endogenous institutional constraint. In other words,



while democratic institutions limit rent-seeking, this paper shows that inequality dynamics,
particularly the inverse of the skill premium, can endogenously generate similar constraints.

To develop this argument, the paper builds closely on the framework presented in Chapter
17 of Aghion and Howitt (2008), which represents a seminal contribution to the literature
by integrating Schumpeterian growth models with political economy considerations. Their
model demonstrates how democracy influences growth by constraining policymakers’ ability
to collude with incumbents against new entrants. However, the democracy parameter in
their model is treated exogenously, leaving unexplored how income inequality forces within
the economy might endogenously shape institutional behavior and growth outcomes.

Chapter 17 of Aghion and Howitt (2008) introduces a simple yet powerful model in
which democratic institutions limit the ability of incumbent firms to block market entry by
offering bribes and political lobbying. The model builds on the Schumpeterian idea of cre-
ative destruction, where new firms displace incumbents by introducing superior technologies.
However, the entry process is complicated by rent-seeking behaviors, as incumbent firms fac-
ing entry threats attempt to secure protection by bribing policymakers. The extent of these
anti-competitive behaviors, in turn, depends on the quality of democratic institutions, which
the model captures through an exogenous democracy parameter.

When democratic institutions are strong, policymakers’ ability to collude with incum-
bents is constrained, leading to more open markets, higher innovation rates, and faster
growth. Conversely, in weaker democracies, rent-seeking behaviors prevail, resulting in stag-
nation and slower growth. The model also assumes a homogeneous labor force and focuses
solely on aggregate growth implications, ignoring how sectoral heterogeneity or income in-
equality might influence institutional behavior and innovation incentives. This exogenous
treatment of democracy and the absence of income inequality considerations present impor-
tant avenues for extension and refinement.

This paper extends and enriches the Aghion-Howitt framework in several key ways. The
first major contribution is the introduction of an unskilled sector into the Schumpeterian
framework. By modeling a dual-sector economy, where skilled and unskilled sectors coexist,
this paper brings income inequality to the forefront of the analysis. The unskilled sector

allows for a detailed examination of how sectoral divergence in innovation adoption can



lead to rising wage inequality, with significant implications for social welfare and political
stability.

The second major contribution is the endogenization of the institutional constraint that
limits rent-seeking behavior. Whereas Aghion and Howitt (2008) rely on an exogenous
democracy parameter, this paper introduces income inequality, specifically the inverse of the
skill premium, as a key determinant of the policymaker’s preferences. In this model, income
inequality itself becomes a constraint on policymakers’ ability to engage in rent-seeking.
A higher skill premium, indicating greater inequality, raises the political cost of favoring
incumbents, thereby reducing the effectiveness of bribes. This shift suggests that institutional
quality is not an exogenous feature but rather emerges endogenously from underlying income
inequality dynamics.

The third key contribution lies in the characterization of three distinct policymaker
regimes. In the “Bribe-maximizing Regime,” the policymaker prioritizes bribes from incum-
bent firms, with no concern for inequality. The unskilled sector amplifies inequality when
innovation is concentrated in the skilled sector, reflecting unrestricted growth at the cost
of rising inequality. In the “Inequality-minimizing Regime,” the policymaker focuses solely
on minimizing inequality, restricting entry policies that benefit the skilled sector. While in-
come inequality is reduced, innovation incentives are dampened, resulting in slower long-term
growth. The “Office-motivated Regime” is a more realistic scenario, where the policymaker
balances bribes with electoral incentives tied to income inequality. In this regime, policy-
makers trade-off between fostering innovation and maintaining inequality within politically
acceptable bounds, effectively endogenizing the democracy constraint seen in Aghion and
Howitt’s model.

These extensions fundamentally re-frame the relationship between innovation, growth,
and institutional quality. By demonstrating that income inequality dynamics can act as
endogenous institutional constraints, this paper bridges the gap between the Schumpeterian
growth literature, which emphasizes technological innovation, and the political economy
literature, which focuses on how institutions and special-interest groups shape economic
outcomes. In doing so, it provides a more comprehensive framework for understanding the

complex interplay between growth, inequality, and institutional behavior.



The results presented in this paper yield several critical insights. First, the presence
of an unskilled sector fundamentally alters the growth-inequality trade-off, as innovation in
the skilled sector raises the skill premium, exacerbating income inequality. In the “Bribe-
maximizing” Regime, growth proceeds unchecked at the cost of rising inequality. The
“Inequality-minimizing” Regime sacrifices long-term growth to achieve short-term bridging
of income inequality. The “Office-Motivated” Regime, however, strikes a balance, promoting
sustainable growth while maintaining inequality within politically acceptable bounds.

Second, the analysis shows that rent-seeking behavior by backward firms leads to sub-
optimal innovation outcomes. While advanced firms innovate in response to entry threats,
backward firms resort to bribing policymakers to deter competition. The unskilled sector
amplifies this distortion, as higher skill premiums make it politically costly for policymakers
to ignore income inequality concerns.

Finally, the model reveals that the interaction between income inequality and political
incentives plays a crucial role in shaping long-term growth trajectories. Policymakers oper-
ating under the “Office-Motivated” Regime design entry policies that balance growth and
equity, illustrating how endogenized institutional constraints emerge from income inequality
dynamics.

The remainder of this paper is organized as follows. Section 2 provides a detailed descrip-
tion of the consumption and production structures within the economy. Section 3 examines
the role of intermediate goods and sectoral output dynamics. Section 4 defines the gross
domestic product and inequality in the model, examining how they are affected by innova-
tion and market entry. Section 5 explores the innovation and entry behavior of incumbent
firms, distinguishing between advanced and backward firms. Section 6 characterizes the
steady-state distribution of advanced firms and its implications for aggregate productivity.
Section 7 introduces the policymaker and examines their role in optimizing entry policies
to balance welfare objectives and economic efficiency. Section 8 discusses the process of
determining the firm entry policy, considering the trade-offs between fostering innovation,
minimizing rent-seeking, and reducing income inequality. Section 9 presents the main results

of our paper. Section 10 concludes the paper.



2 Consumer Behavior

The economy consists of two types of workers: unskilled workers, denoted by L, ;, and skilled
workers, denoted by, L. Both types of workers supply labor inelastically and derive utility
from consuming a unique final consumption good, Y. The preferences of workers are assumed
to be identical, regardless of skill level. The lifetime utility of a worker of type k € {u, s},
at time ¢, is given by

Ukt = / e cpt dt, ke {u,s} (1)
¢

where ¢ is the consumption of worker k at time ¢ and 7 is the discount rate, which due to

linear utility is also the interest rate®.

! Asin Aghion and Howitt (1992, 1998, and 2008) and Grossman and Helpman (1991), linear utility implies
that households are risk-neutral and do not engage in savings or intertemporal consumption smoothing.
Consequently, the equilibrium interest rate equals the discount rate, and the marginal utility of consumption
remains constant. This decouples household consumption from investment decisions, making firm investment
decisions depend solely on expected profits rather than on household savings behavior.

This assumption should not be viewed as a mere simplification for convenience but as a theoretical necessity
for sharpening the model’s focus on the policymaker’s role in shaping innovation incentives. By removing
the savings channel, linear utility isolates the effect of entry threats and rent-seeking on innovation behavior,
ensuring that the dynamics of growth emerge directly from firm incentives rather than from household
savings responses. Aghion and Howitt (1992) demonstrate that under linear utility, the structure of capital
markets—whether frictionless, imperfect, or absent—becomes irrelevant to research incentives. Building
on this insight, we extend the logic to entry policies, where linear utility ensures that (a) wages translate
directly into consumption, and (b) policymaker actions—such as imposing entry costs or encouraging rent-
seeking—affect growth solely through their impact on firm incentives, without introducing distortions from
shifts in household savings behavior.

Alternatively, we could model households as maximizing Constant Relative Risk Aversion (CRRA) utility

1—o
Ukt = /too e‘”% dt, 0 <o <1,
subject to the budget constraint

Akt = Wiyt + 0 Akt — Cht-

where 7 is the interest rate, aj+ is household wealth, and wy, + is wage income. Under CRRA utility, households

engage in intertemporal consumption smoothing, governed by

¢ 1
Tkt _ 2 —4).
Ck,t (o



The consumption good, Y, is a costless assembly of two distinct final goods: the un-
skilled sector good, Y, and the skilled sector good, Y;;. These goods are competitively
produced and combined into the final consumption bundle according to a constant elasticity

of substitution (CES) aggregation function
Y = [Yufjt + W%’?t]l/pa 0 < P < 17 n > 17 (2)

where the elasticity of substitution between Y, ; and Y, is %p. A lower p implies a lower

1
substitutability between Y, ; and Y;;, and as p — 1, the two goods become perfect substi-
tutes.

The parameter n > 1 captures the relative weight of the skilled sector good in the
consumption bundle, implying that households consume proportionally more of Y;; than Y,, ;.
The unskilled sector good could be considered akin to a basic homogenous good consumed
for subsistence. The skilled sector good is a sophisticated variety of goods that households
consume in larger quantities.

The prices of the two final goods are considered to be P, for the unskilled-sector good
and Py for the skilled-sector good. Therefore, the price of the consumption bundle is given
by

1
Py = [P2+nPt]”.
This price index is the dual of the consumption bundle, capturing how the cost of acquiring a
unit of the composite good depends on the prices of its components. It mirrors the structure
of the CES utility aggregator, reflecting the trade-off between the two goods and the elasticity
1

of substitution, yut

In this formulation, the equilibrium interest rate depends on household consumption growth, introducing
a feedback loop between household savings and firm investment. As a result, the intermediate firm’s value
becomes dependent on the household’s consumption path, and the policymaker’s optimization problem
couples with household savings decisions, making the policymaker’s influence on growth indirect and more
complex. The model would then require solving a system of differential equations, significantly increasing
analytical complexity without advancing the core research question of how entry policies shape innovation
incentives and welfare outcomes.

The linear utility assumption, therefore, is not a simplification but a deliberate theoretical choice, consis-
tent with Schumpeterian models, to maintain analytical clarity and isolate the policymaker’s direct influence

on innovation and growth.
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Laborers earn wages for the labor provided, which is the only source of income for house-

holds. Therefore, each worker’s intertemporal budget constraint is given by

/ PY'Ck,tdtS/ Wit (3)
0 0

where w, and w, denote the wages of the unskilled and skilled labor, respectively. The term
Py - ¢, represents the total expenditure on consumption by household & at time ¢, and wy
represents the corresponding wage income. The budget constraint ensures that the present
value of total consumption does not exceed the present value of income.

Since ¢t =Y, the household’s problem is now to choose Y, ; and Y;,; to maximize their
utility. By the principle of duality in consumer theory, utility maximization subject to a
budget constraint is equivalent to cost minimization subject to a target utility level. Thus,
the relative demand system derived from the cost-minimization problem is identical to what
would emerge from the household’s direct utility maximization problem. Since the focus of
our analysis is on firm behavior and policy outcomes rather than on household intertemporal
decisions, adopting the cost-minimization approach simplifies the model without sacrificing
rigor.

Given that the prices of Y,,; and Y, are P, and P; respectively, the cost minimization

problem can be formulated as
minYu,t,YS,t PuYu,t + Psny:e,ta

subject to

1/p
Ct = [Yufjt + 77}2/,)15} .
We set-up the Lagrangian as
1/p
Ly=PY,:+ PnYs, + M(Ck,t — [Yup,t + 7732‘,’4 >,

where p is the Lagrangian multiplier. The first-order conditions are given by

0Ly,
OYu4

1 1-1
=P, —p- ;[Yf,t + nYSﬁs] T =0,

and
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0Ly
Y.

The first-order conditions equate the marginal cost of increasing the quantity of consumption

1 51 _
=PS—M-E[Y£t+nK’ft]” Yl =0.

of each good to the marginal benefit measured in terms of reduced total cost for achieving

the target consumption level. The above equations can be simplified as
1
Pu = - [Yup,t + nY:t:| ’ ’ Yup,t_17 (4)

and

1
o= Yo nYE]" v (5)

respectively. On dividing Equation (4) by Equation (5), we obtain the relative demand as

1
pe Yot

P,
2 o
e Y0
which can be simplified to
—1
B i
Py oyl

which can be re-written as

by l[Yu,t:|1_p
P, nlYsy '
The above equation gives us the standard relative demand equation for the two final goods.
This relationship helps in understanding how the quantities of unskilled and skilled sector
goods, Y, and Y, are chosen given their relative prices, P, and P,. If P; rises relative
to P,, households substitute away from the skilled sector good, Y, and consume more of
the unskilled sector good Y,,. Conversely, if P, rises relative to P, households shift toward
consuming more of the skilled sector good. When p is close to one (zero), the goods are nearly
perfect (poor) substitutes, and their relative consumption will respond strongly (weakly) to
changes in their relative prices. A larger n implies that, for the same relative price, households
consume more of the skilled sector good relative to the unskilled sector good. Note that the

optimal composition of consumption depends only on relative prices and preferences and not

on the overall income level.
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In our subsequent analysis, we have normalized the price of the final good in the skilled
sector, Py, to be 1. In doing so, we simplify the algebra and make it easier to interpret the
model’s results without a loss of generality. This normalization implies that the price of the
unskilled sector good, P,, and the price of the consumption bundle, Py, are expressed relative
to the price of the skilled sector good, P;. Consequently, the relative demand equation derived

earlier now simplifies to
1 [YWT—P
Yied

And the price of the consumption bundle, Py, will now be

B (6)

1
Py = [Pr+a]".
This completes the formulation of the consumption side of our model, establishing the

price index and relative demand functions that will influence equilibrium outcomes in the

production and innovation sectors. We now proceed to the production sector of our model.

3 Sectoral Production and Output Dynamics

As stated earlier, the two final goods, Y, ;, and Y;,, are competitively produced. The pro-
ductivity in the unskilled sector is less than the productivity of the skilled sector. This is
captured by the condition

Ay < Aigy < As,tv i€ 0,1]

where A, is the productivity of the unskilled sector, A;s; is the productivity of ith inter-
mediate good in the skilled sector, at time ¢. A, is the frontier productivity of the skilled
sector at time ¢t. An individual firm, ¢, in the intermediate sector may be at the frontier of
technology, or below it, as will be seen in Section 5.

We now state the production technologies for each of these goods.

3.1 The Unskilled Sector

Output in the unskilled sector is produced using only unskilled labor. The production
technology is given by
Yu,t - AuLu,t (7)

13



where L, ; is the labor used in the production of the unskilled good, and A, is the productivity
parameter associated with this sector. Note that

aYv’u,t
0Ly,

— A, (8)

Equation (8) shows that the production technology in the unskilled sector exhibits constant

returns to scale. The profits of the producer in this sector are given by
Hu = PuYu,t - wuLu,ta (9)

where P, is the price of the unskilled good and w, is the wage rate of the unskilled labor.

On substituting for Y, ; from Equation (7) we obtain
Hu = PuAuLu,t - wuLu,t-

The profit maximization exercise of the producer yields the first-order condition

oll,
OL.,;

:PuAu_wu:0>

which can also be written as

w, = P,A,. (10)

Equation (10) gives us the optimal wage rate of the unskilled labor engaged in the production
of the unskilled good, Y, , as a function of the price of the final good of this sector, P, and

the productivity parameter of this sector, A,.

3.2 The Skilled Sector

Output in the skilled sector is produced using both skilled labor and a continuum of inter-
mediary goods. These intermediary goods can be thought of either as inputs used in the
manufacture of the final good of this sector or as machines employed in the production of
the final good of this sector.

The final good of this sector can be used either for consumption, or as an input in the
process of production of intermediate goods, or as investments in the R&D activity. The

production technology in this sector is given by
1
Yii = Li;a/ A;S_’to‘ xfft di; 0<a<l, (11)
0
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where L, is the labor employed in this sector. z;; is the quantity of intermediate good
¢ used in the production of Ys; and A;s; is the productivity associated with intermediate
good 7, at time ¢. This term determines the overall efficiency with which skilled labor and
intermediate goods are combined to produce the final output Ys; of the skilled sector. In
any period, the productivity will vary across the intermediate goods, depending on whether
it is at or behind the frontier and whether the firm decides to innovate in the time period
in consideration. The parameter « signifies the elasticity of substitution between skilled
labor and intermediate goods in the production process, which reflects the degree to which
skilled labor can be substituted for intermediate goods and vice versa, influencing the sec-
tor’s production dynamics and cost structure. Specifically, a lower value of « indicates a
lower elasticity of substitution, implying that skilled labor and intermediate goods are less
substitutable. Conversely, a higher value of « signifies a higher elasticity of substitution,

suggesting that these inputs can be more easily interchanged in the production process.

Note that
gz/‘:’t (1—a)L /1 Al gy di (12)
and
g%: al; taAzls Loy g (13)

The profits of the producer in this sector are given by

1
Hs - PsYs,t - wsLs,t - / pi,txi,tdia (14)
0

where P; is the price of the skilled good (which we have normalized to 1) and wy is the wage
rate of the skilled labor. p;; is the price of the intermediate good z;;. On substituting for
Y;; from Equation (11), we obtain

1
Hs:Li¢a/ Azlstax di —wsLg, —/ Di % i (15)
0

The profit maximization exercise of the producer yields the first-order conditions

H 1
E?aL =(1—-a)L; /Allst‘"x di —ws =0,
s,t

and
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oIl
81;1-7,5

_ -« l—a, a—1 o
= Q- Ls,t Ak Ty — i =0,

s,

which can be re-written as

18,

1
w, = (1—a)L? / Al a2, di (16)
0

and

Dit = - Li;o‘ . Al_to‘mgt_l, (17)

S,

respectively. Equation (16) and Equation (17) give us the optimal wage rate of the skilled
labor, w,, and optimal price for the intermediate good, p; ;. We will re-visit these equations

after characterizing and solving the intermediate goods sector.

3.3 The Intermediate Goods Sector

Each intermediate good is uniquely produced by a monopolist in each period, using the
final good as the only input. Each unit of the intermediate good uses one unit of the final
good of the skilled sector as input. The final output of the skilled sector that is not used for
intermediate goods production is available for consumption, and it constitutes the economy’s
gross domestic product. We will revisit this aspect when we discuss the aggregate economic
growth in this economy.

There are two types of firms in the intermediate goods sector: advanced and backward.
The type of each firm is determined by its proximity to the technological frontier. We
will present this discussion in Section 5. Irrespective of their proximity to the technology
frontier, all intermediate firms have the same production and profit structure. The profits

of the intermediate good monopolist are given by
Tt = Pitlit — Lit, (18)

where, as defined earlier, p;; is the price of the intermediate good z;. On substituting for
pi¢ from the first-order condition of the skilled final good manufacturer given in Equation
(17), we obtain

_ 11—« l-a,.a—1
g = Q- Ls,t ) Ais,t Liy " Tit — Tig,

16



which simplifies to

11—« l—a,.«
Ty =a- L, CA TE — Tig (19)

1S, )
The profit maximization exercise by the intermediate monopolist yields

87Ti,t

3xi,t

=a’ L% ALy —1=0, (20)

18,t

which can also be expressed as

2 11—« l-a _a—1 __
Q- Ls,t 'Ais,t Tiy = L,

which can be further expressed as

a—1 __ -2 a—1 a—1
Tiy — O 'Ls,t 'Az's,t )

which can be simplified to

=2
Tjp = o1 Lgy- Ais,ta

which can also be written as

2

me = ql-a . Lst . Ais,t' (21)

)

We substitute x;; obtained from the above Equation (21) back in the profit function of

the intermediate monopolist, given by Equation (19), and obtain

_ _ 2 @ 2
Tt = Q- L;ta CALY [041*” Ly - Ais,ti| —aT=a - Ly Agsy

18,0

The above equation can be re-expressed as

2
Mig =oT-a -« Lgy- Ais,t

)

is,t

a—1
Q- Li;a Al [a% Ly - Ais,ti| - 1] )

which can further be written as

2
Mg = ot=a - Lgy- Ais,t

18,t 18,

2(a—1)
l—« 11—« a—1 a—1
a - Ls,t <A |:Oé l—a Ls,t - AS ] — 1] ,

which can be simplified to

2

i = Qi - stt ’ Aisﬂf is,t is,t

a- L;O‘ Al [01_2 LAt A-O‘_l} - 1] ,
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which can be further simplified to

1
Tt = Olﬁ : Ls,t : Ais7t (a - 1) . (22)

Equation (22) gives the profits of the intermediate monopolist as a function of the labor
employed in the skilled sector, L,,, the elasticity of substitution between skilled labor and
the intermediate goods, «, and the productivity associated with the i*" intermediary good,
Ajs -

We now substitute z;; obtained in Equation (21) in the optimal wage of the skilled labor,
given in Equation (16).

«

1
ws = (1 — a)Ls_,ta/ Ails_,ta [alza Lgy - Aisy | di,
0

which can be simplified as

ws = (1—a)L; / Alstozl o - Lg, - Af i,

which can further be simplified as

18,1 i8,t

wS:(l—a)-al% -L;ta-L?’t/ Al AY di.
This can also be written as
2a 1
ws = (1—a)- al—a/ Ajs pdi. (23)
0
We express the above Equation (23) as
wy = (1— @) a5 A, (24)

where
1
As,t — / Ais,tdi (25)
0
is the weighted numerical aggregate of all individual productivity parameters in the skilled-
good sector.

Substituting x;; obtained in Equation (21) in the optimal price of the intermediate good
obtained in Equation (17), yields

a—1

11—« l—«a 2
Dix = Q- L - A, al- O"Ls,t'Ais,t )

i8,t

18



which can be simplified to

1
pig=a-at == (26)
(e

Equation (26) indicates that the price charged by the monopolist producer of the intermediate
good is a markup over his/her marginal cost.

Finally, we substitute z;, obtained in Equation (21) in the final output of the skilled
good sector, as given in Equation (11), and obtain

67

1
Yoo =L;* / Al—e [am Ly Ay di, (27)
0

18,1t

which can also be written as

1
_ 7l-« l—o 2 o @ .
3/5775 - Ls,t / Ais,t Ql-e - Ls,t ' Ais,t dl’
0
which can be simplified to
5 1
_ = rl-a «a 11—« «a .
szﬂf =at OLLs,t ’ Ls,t/ Ais,t ' Ais,t d’L,
0

which can be further simplified as
2« 1
YQ,t = Oél‘aLs,t/ Az’s,t di.
0

We then substitute Equation (25), which defines aggregate productivity in the economy,

into the above equation and obtain
20
Y1 = al-a Ls,tAs,t (28)

Equation (28) expresses the final output of the skilled-good sector as a function of the labor
employed in the skilled sector, L,,, the elasticity of substitution between skilled labor and
the intermediate goods, o, and the aggregate productivity of the skilled sector, A,. This
last term determines the overall efficiency with which skilled labor and intermediate goods
are combined to produce the final output, Y, of the skilled sector. Higher values of A,
indicate greater technological advancement or efficiency gains in production, allowing the
sector to produce more output, Ys,, for a given input combination of L, and z;,. Thus A,
plays a crucial role in shaping the growth and competitiveness of the skilled sector within

the broader economy.
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4 Gross Domestic Product and Inequality

We now discuss the gross domestic product (GDP) and inequality in our model. The ensuing
analysis of GDP and income inequality leads us to recognize the one route through which
the planner can address concerns regarding both growth and income inequality, which is the
aggregate productivity of the skilled sector, A,;. In this section, we will show how both the
GDP and the skill premium, w;, are functions of A,;. In Subsection 7.2, we will then present
an analysis of how this aggregate productivity can be affected by the firm entry policy that
is set by the policymaker.

4.1 Gross Domestic Product

The Gross Domestic Product (GDP) in this economy represents the market value of all
final goods and services produced during a given period. Recall that in each period, the
intermediate product is produced by a monopolist using the final good of the skilled good
sector as input, one-for-one. The final output of the skilled-good sector, to the extent not
used for intermediate production, is available for consumption. Therefore, the GDP or the

aggregate value added in this economy is defined as
1
GDP, =P, Y, + Ps- Yy — / Dit - Tigdi, (29)
0

where the term P, Y, ; is the value of the output in the unskilled sector, P - Y}, is the value
of the output in the skilled sector, and fol Dis - Tipdi is the total value of intermediate goods
used by the skilled sector. This term is subtracted to avoid double counting, as intermediate
goods are produced using the final good of the skilled sector as the input.

In the above equation, we substitute the final output of the unskilled sector, Y, ;, from
Equation (7), the final output of the skilled sector, Yy, from Equation (28), the output of the
intermediate good sector, z;;, from Equation (21) and the price of the intermediate good,
pit, from Equation (26). We also make use of the fact that the price of the final good in the

skilled sector is equal to one (Ps = 1) to obtain

1
a 1
GDPt = PuAuLu,t +1- 051270‘ Ls,tAs,t — / —_ alEa Ls,tAis,t di. (30)
0

«
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Substituting for aggregate productivity from Equation (25) and further simplification yields,
2 @ I 2

GDPt = PuAuLu,t + |:0417a:| Ls,tAs,t - — ol Ls,tAS,ta

o

which can also be written as

GDP, = PyAyLyy + ate L, A,

2 qa—l 1
[am} ——.
«
The above equation can also be expressed as

11
GDP, = G, = PyAyLy, + alEaLsytA&t(—Q - —),
(6% (6%

which on factoring out like terms, yields
2 1 1
GDPt = Gt = PuAuLu,t +at-o - _Ls,tAs,t |:_ - ]-:|7
« «
which can be reexpressed as
1

GDPt - Gt - PuAuLu,t + aﬁ_lL&tA&t |:— - 1:| .
(67

The above equation further simplifies to

e 1
GDPt — Gt — PuAuLu,t —’—O[li—iaL&tA&t |:— - 1:| . (31)
— o ”
(a) RS

(b)

Equation (31) decomposes the economy’s output into contributions from the unskilled and
skilled sectors. T'erm (a) represents the value of the output of the unskilled sector. Recall
that P, is the price of the unskilled sector good. A decrease in P, (relative to P;) means
unskilled goods become cheaper, potentially reducing the GDP share from this sector. A,
indicates how efficiently unskilled labor is converted into output. A higher A, means that
each unit of unskilled labor contributes more to total output. The level of unskilled labor,
L,, also directly affects the amount of output produced in this sector.

Term (b) represents the value of the output from the skilled sector, which is influenced
by three factors. The parameter « is the elasticity of substitution between skilled labor
and intermediate goods. A higher a indicates greater substitutability, enabling firms to

replace skilled labor with intermediate goods. This reduces reliance on skilled labor and
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may dampen wage inequality. A lower « implies limited substitutability, making skilled
labor indispensable. This enhances the value of skilled labor but may exacerbate wage
disparities. The term alsa amplifies the contribution of the skilled sector to GDP. The
term [é — 1} adjusts the contribution of the skilled sector by accounting for the diminishing
returns to labor and intermediate inputs.

Skilled labor contributes directly to the production of the skilled sector output, with its
impact augmented by the aggregate productivity, A, of the skilled sector. It is important to
note that the GDP is a linear function of the aggregate productivity in the skilled sector, Ay ;.
The relevance of A,; becomes clearer when we introduce the planner’s optimization problem,
where the planner determines the entry probability, 8. The chosen value of # influences
aggregate productivity, A, thereby affecting the overall GDP of the economy. We will
revisit this discussion in detail when formulating the planner’s maximization framework.
Additionally, it is worth mentioning that the productivity of the unskilled sector, A,, is
treated as a given parameter and does not evolve over time within the scope of our analysis.
Therefore, when we differentiate Equation (31) with respect to time, we obtain

dd—Gtt —pa, ey ot (l - 1)

Ahist @5t 9
ar et T (32)

dL, dA,
i it stt] .

An analysis incorporating skill acquisition and resulting changes in labor composition
would provide an interesting extension to our work. However, for the purposes of the current
model, we assume that the composition of labor remains constant over time. Formally, this

implies that
dLu,t . dLs,t
3 0 and i

Given this assumption, we also drop the time subscript on labor for simplicity. Consequently;,

=0.

Equation (32) can be rewritten as

dG, 1+a[1 }dAs,t L. (33)

_— l—-a | — — ]_

a " la dt
Equation (33), highlights the determinants of GDP growth in the model. The equation
shows that the rate of change of GDP is driven exclusively by changes in aggregate pro-

ductivity, A, in the skilled sector, scaled by three factors. As mentioned earlier, the term

al-a is the elasticity-driven amplification factor. The exponential term }f—g determines how
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sensitive GDP growth is to changes in productivity. A higher o implies that technological
improvements in the skilled sector can be more easily leveraged, leading to stronger growth
responses. A lower o means that productivity gains rely more heavily on skilled labor,
potentially dampening the immediate impact of technological advancements.

The term [% — 1] adjusts for diminishing returns in the skilled sector. As « approaches
1, the two inputs become perfect substitutes, reducing this adjustment term. Conversely,
when « is lower, the impact of changes in A,; on GDP growth becomes more pronounced.

A larger skilled labor force amplifies the growth impact of any given increase in pro-
ductivity. The only driver of GDP growth in the model is the growth rate of aggregate
productivity in the skilled sector. This reflects the critical role of innovation and technologi-
cal advancement in sustaining economic growth. As A;; increases, the skilled sector becomes
more productive, directly translating into higher GDP growth.

The GDP growth equation shows that, under the model’s assumptions, all growth is
productivity-driven. Since labor composition remains constant, the economy’s ability to
grow hinges entirely on its capacity for technological progress in the skilled sector. We now
turn to the definition of inequality in our model, which constitutes another key consideration

for the policymaker when formulating the objective function.

4.2 Inequality

Inequality plays a central role in our model as it directly influences the policymaker’s deci-
sions regarding firm entry policies and innovation incentives. While higher innovation can
drive economic growth, it may also exacerbate income disparities, especially between skilled
and unskilled labor. Therefore, understanding how inequality emerges and evolves is critical
for analyzing the trade-offs faced by the policymaker. In this section, we quantify inequality
using the skill premium, which captures the wage differential between skilled and unskilled
labor.
We define skill premium, w;, as
Wy

- 34
Wt w, ) ( )

where w;, represents the wage of skilled labor and w, represents the wage of unskilled labor.
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The skill premium, w;, thus measures how much more skilled labor earns compared to un-
skilled labor. A higher w; signifies a greater wage differential, implying that skilled labor is
relatively more valuable or scarcer relative to unskilled labor. Substituting from Equation
(10) for w, and from Equation (24) for wg, we obtain

(1-— a)oﬂ%As,t
PUAU ’

Wt =

which can be re-written as o
(I —a)at=A; 1
A, P,

From Equation (35) we observe how changes in sectoral productivity influence relative prices.

(35)

Wt =

When the productivity of the unskilled sector, A, increases, the relative price ratio, Pi rises.

This implies that P, decreases relative to P, = 1. In other words, as unskilled labor becomes

more productive, the unskilled sector good becomes cheaper compared to the skilled sector

good. Conversely, when the productivity of the skilled sector, A;;, increases, the relative

1

price ratio, -, declines. This indicates that P, increases relative to P, = 1, meaning the

skilled sector good becomes cheaper relative to the unskilled sector good.
These results are intuitive. Higher A, lowers the cost of producing unskilled sector goods,

£ Higher A,

making them cheaper and thereby increasing the relative price ratio 5> = Pi.
reduces the cost of skilled sector goods, making them relatively cheaper and thus decreasing

the relative price ratio.

1
Yu,t

Recall from Equation (6) that = = 1 [Y t} . In this Equation (6), we substitute for

Py, n

Y, and Y;,; from Equation (7) and Equation (28) respectively, and obtain

vl oarn, 17
e (36)
Pu TI OémLsAs,t
Substituting Equation (36) in Equation (35) above, we obtain
A, 1 oarn, 177
wy = (1— oz)ozl% Pty L : (37)
Au n OéELSAS’t
which can be re-written as
1 1—
(1 ) 127(1 ( 12a>1_p 1 As,t As,t g Lu g
W = — ) l—« - 1 « —_— . — . . —_
' n A, | A, L|




which can be simplified to

1+p—1 1-p
(1 ) 20 _220-p) 1 | A, L,
Wy = — Y al—a 11—« PR _ . _
' n | A Ly ’
which can further be simplified to
p 1—p
2ap 1 As Lu
Wt = (1 — oz)alfa : 5 : A_j : [L—S] . (38)

Equation (38) expresses the skill premium, w;, as a function of the elasticity of substitution
between skilled labor and the intermediate goods, «, the elasticity of substitution between
the unskilled and skilled goods in the consumption bundle, p, the consumer’s relative pref-
erence for the skilled good, n, the unskilled labor force, L,,, the skilled labor force, L, the
productivity in the unskilled sector, A,, and the productivity in the skilled sector, A, ;.

When « is high, skilled labor and intermediate goods are highly substitutable. This
means that firms can adjust their production processes more easily by either using more
skilled labor or more intermediate goods, depending on relative prices and productivity.
Therefore, firms may substitute skilled labor with intermediate goods more readily when the
cost of skilled labor rises relative to intermediate goods. This could potentially lower the
demand for skilled labor and thus reduce w;. Conversely, if the cost of intermediate goods
rises relative to skilled labor, firms may substitute intermediate goods with skilled labor,
potentially increasing w;. On the other hand, when « is low, skilled labor and intermediate
goods are less substitutable. This implies that skilled labor is more specialized or unique in
its contribution to production, making it more valuable relative to intermediate goods. This
leads to higher wages for the skilled labor and thus a higher value for w;, the skill premium.

As a — 1, the term ai=% moderates the influence of productivity differences. The wage
gap is less sensitive to productivity advantages because firms can offset skilled labor needs
with intermediate goods. Conversely, as a — 0, the term ate reduces, making the skill
premium more sensitive to productivity gains in the skilled sector.

A higher elasticity of substitution between the unskilled and skilled goods in the con-
sumption bundle, p, implies that consumers are more likely to switch their consumption

towards the cheaper (in terms of relative productivity) option, thereby affecting the wage
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premium. A higher value of p also increases the sensitivity of w; to changes in the produc-

’ifj . The converse is the case with a lower value of p. A higher value of 7, which

tivity ratio,
is the consumers’ preference for the skilled good relative to the unskilled good, indicates a
stronger demand for skilled labor, thereby influencing wages.

Recall that 0 < p < 1. Therefore, the term (1 — p) is positive. When the supply of

Ly

skilled labor increases relative to unskilled labor, the ratio r

decreases. From Equation

(38) this results in a lower skill premium, reducing w;. Conversely, when unskilled labor

supply increases relative to skilled labor, Ii—: rises, leading to a higher skill premium and an

increase in w.

Finally, if the aggregate productivity of the skilled sector, A, increases relative to the

A .
-+, skilled workers are

u

productivity of the unskilled sector, A,, that is to say, for a higher

more productive compared to unskilled workers. This productivity advantage can lead to
higher wages for skilled workers relative to unskilled workers, thereby increasing the skill
premium, w;. The converse will be true if A, increases relative to A ;.

In summary, the skill premium, w;, serves as a critical measure of inequality in the model,
capturing how differences in productivity, labor composition, consumption preferences, and
technological substitutability shape wage disparities between skilled and unskilled labor.
These findings underscore a fundamental growth-inequality trade-off faced by the policy-
maker. Policies that foster innovation and boost skilled sector productivity can accelerate
growth but may exacerbate inequality if labor substitutability is limited. Thus, the plan-
ner’s objective function must carefully balance these competing concerns, ensuring that the
benefits of growth are not overshadowed by rising inequality. In subsequent sections, we
will explore how the policymaker optimally navigates this trade-off when determining entry
probabilities and shaping the economy’s long-term growth path.

We now turn to the formulation of the innovation decisions undertaken by intermediate
firms, outlining the factors that influence their incentives and strategic choices within the

model.
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5 Firm Entry and Incumbent Innovation

In this section, we discuss how firms in the intermediate goods sector make their innovation
decisions in the light of a threat posed by the entry of a new firm. Let 6 be the probability
that a potential entrant shows up in the intermediate goods sector. In a subsequent section,
this parameter, 6, will be chosen by the policymaker. In doing so, the policymaker exhibits a
concern for income inequality in the economy and is also subject to influence by incumbent
firms that want to prevent entry.

As stated earlier, within the intermediate sector, there are two types of firms, advanced
firms and backward firms, depending on their proximity to the technological frontier, A,
which represents the highest productivity that firms in the intermediate sector can potentially
achieve.

Advanced firms are defined as those operating at the frontier level of productivity. In
other words, the productivity level of an advanced firm is equal to the highest possible

productivity level in the skilled sector at time ¢. This relationship can be expressed as

Ais,t = As,ta (39)

where A, ; represents the frontier productivity level at time ¢.
On the other hand, backward firms are defined as those operating below the frontier
level of productivity. In other words, the productivity level of a backward firm lags behind
the highest possible productivity level in the skilled sector at time ¢, by a factor % This

relationship is expressed by

1.
Aist = ;As,t; v>1 (40)

where v > 1 is the constant rate at which the frontier productivity level grows over time.

Therefore,

As,t = ’yAs,tfl- (41>

We assume that a potential entrant is always at the technological frontier. When, at time
t, an incumbent firm that was at the frontier in time ¢t — 1 faces the threat of a potential
entrant arriving with leading-edge technology, it uses its first mover advantage to block entry

and consequently retain its monopoly power. However, if entry occurs and the incumbent
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firm fails to reach the new technological frontier at time ¢, the technologically superior new
entrant will replace the incumbent in the ensuing Bertrand competition.

For an incumbent firm, we define the cost of investing in research and development (R&D)
activity at time ¢, as

Cit - Ais,t—la (42)

where A;;;—1 is the incumbent’s pre-innovation productivity. We assume ¢;; to be random
and independently and identically distributed across intermediate sectors. c¢;; can take two

values

cir € {0, ¢}, (43)

and

1
Pr(c;y =0) = Pr(c;s =¢). = 5 (44)

How incumbent firms react to an entry threat, 6, depends on the marginal benefit that
they expect to receive from an innovation, given ¢;; and 6. This also varies depending on
whether the incumbent is an advanced or a backward firm. In our subsequent sub-sections,
we analyze how firms make these decisions.

The payoffs of incumbent firms, both advanced and backward, contingent upon whether
they innovate and whether entry occurs, are summarized in Figure 1. We elaborately discuss
each of these scenarios is Subsection 5.1 and Subsection 5.2.

We draw attention to the manner in which firms evaluate their innovation decisions
in our model. While making the decision to invest in innovation, firms typically compare
the present value of lifetime profits with the marginal cost of innovation. However, in our
framework, this approach is not directly applicable due to the uncertainty surrounding firm
survival. Firms face a constant risk of being displaced, either due to exogenous factors or
through policy-induced entry threats. This uncertainty shortens the effective time horizon
over which firms expect to realize the returns from innovation. As a result, firms effectively
make their innovation decisions on a period-by-period basis, reassessing whether innovation

is worthwhile given the current level of entry threat and the risk of displacement?.

2While our framework focuses on a period-by-period decision-making process, one could consider the

present value of lifetime profits under continuous-time assumptions. In such a setting, firms would discount

28



Innovates in ¢

Advanced Firm in

t—1

Retains monopoly

power

Profits: Equation
(45)

Firms

Does not innovate in

t

Entry occurs {with

probability 6}

Displaced; Zero
Profits

No entry {with prob-
ability (1 —60)}

Profits: Equation
(46)

Innovates in ¢

Entry occurs {with

probability 6}

Displaced; Zero

Profits

}7

Backward Firm in

t—1

No entry {with prob-
ability (1 —6)}

Profits: Equation
(51)

Does not innovate in

t

Entry occurs {with

probability 6}

Displaced; Zero
Profits

No entry {with prob-
ability (1 —6)}

Profits: Equation
(52)

Figure 1: Payoffs of Incumbent Firms.

This approach also reflects the memoryless nature of the displacement process: each
period presents a similar decision-making environment regardless of past outcomes. Con-
sequently, the innovation decision simplifies to weighing current expected returns against

innovation costs, without requiring explicit calculations of lifetime profit streams.

future profits by both the time preference rate, r, and the hazard rate of displacement, A, which reflects the
constant risk of being displaced. The expected present value of profits in this case would be given by

o
/ e Ttre M dt = il
0 r+ A

This expression shows that the effective discount rate is the sum of the time discount rate and the dis-
placement hazard rate, meaning that firms apply a risk-adjusted discount factor to future profits. As A
increases—reflecting higher entry threats or replacement risks—the present value of lifetime profits declines.

Although one could consider the present value of lifetime profits, such an approach would not materi-
ally affect our results under the current model’s assumptions. The period-by-period evaluation adopted
here captures the essential trade-off between current innovation costs and expected future returns, yielding

qualitatively similar outcomes.
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5.1 Innovation by Advanced Incumbent Firms

We first consider firms that were at the frontier level of technology in the previous time

period t — 1. Accordingly, their productivity level will be

Ais,t—l - As t—1-

)

If, in the current time period, ¢, this firm innovates, it will remain at the frontier in
this period, too. This will make it immune to potential entry by an advanced firm. Upon
successful innovation, an advanced firm can earn gross profits (i.e., before deducting R&D

costs) equal to

Mip=aTe - Ly, Ay, (é - 1). (45)
Note that this is the same as Equation (22) except that the productivity of this firm will be
at the frontier, A;s; = Ag .

On the other hand, if this firm does not innovate in time period ¢, then with probability

6, it will be eliminated by a potential entrant and consequently make zero profits. However,

with probability (1 — #), it will survive the entry threat and thereby make a profit of

«

_ 1
Mo =(1—0)ats - Ly, Ay <— _ 1) . (46)

Given these two possibilities, an advanced firm facing a cost of innovation Cz‘,t/_ls,t—1 will
innovate only when the incremental benefit from the innovation is greater than the cost of

innovation itself. This condition is given by

(0]
N g (¢)

(a) ()

- 1 - 1 _
Oé% . Ls,t . As,t <— — 1> — (1 — 0)06% . Ls,t . As,tfl (— — 1) > Ci’tAsytfl . (47)
———

4

In Equation (47) above, T'erm (a) is the benefit obtained by the firm by innovating. Term/(b)
is the benefit obtained by the firm by not innovating. Term (c) is the cost of innovation. By

substituting from Equation (39), the above equation can be re-written as

_ 1 _ 1 _
Oélz“ Ly - 7As,t71 <— - 1) - (1 - G)Oélza Loy - As,tfl <— — 1) > Ci,tAs,tA,
«

«
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and by collecting like terms, it can be simplified to

_ 1 n
are - Loy Agyq <— - 1) [7 —(1- 9)] > CigAs -1,
a

which on cancelling out the term /_18,,5,1 can further be simplified to

= <l — 1) + Ly [7 -1+ 9] > ¢y (48)

(0%

Equation (48) captures the condition for an advanced firm to innovate, given the entry prob-
ability and cost of innovation. The left-hand side of the inequality represents the marginal
benefit of innovation for the firm. The term aT= (i — 1) - L4 captures the combined effect
of the elasticity of substitution, the amount of skilled labor, and the frontier productivity
level. The factor [7 -1+ 9} adjusts this benefit based on the growth rate of the technolog-
ical frontier and the entry probability. The right-hand side of the inequality represents the
cost of innovation for the firm. For the firm to decide to innovate, the marginal benefit of
innovation must exceed the cost of innovation, that is, Equation (48) should hold true.

From Equation (48) it can be seen that with an increase in the entry threat, 6, the
term h -1+ 0} increases, which means that the marginal benefit of innovation increases
as the threat of new entrants becomes more significant. This encourages the advanced
incumbent firm to innovate. On the other hand, when 6 reduces, the term [7 -1+ 9}
reduces, which means that the marginal benefit of innovation decreases as the threat of new
entrants becomes less significant. This reduces the incentive for firms to innovate since the
risk of displacement by new entrants is lower. Consequently, fewer firms will find it beneficial
to innovate, especially if the cost, ¢;4, is high.

Intuitively, a firm that is at the technological frontier in the previous time period t —
1, responds to an entry threat in time period ¢, by innovating and thereby escaping the
threat of displacement due to entry. When the probability of new entrants, 6, is high, the
competitive pressure motivates incumbent firms to invest in innovation to maintain their
leading position. By advancing their technology, these firms can push the frontier further,
securing their market dominance and mitigating the risk of being outcompeted by new
entrants. Conversely, when @ is low, the likelihood of new entrants is minimal, reducing the

immediate threat to the incumbent firms’ market position. In such a scenario, the urgency to
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innovate diminishes, as the lower expected gains may not justify the costs of innovation. This
leads to lower investment in R&D and, therefore, potentially leads to slower technological
advancement in the long run. Understanding this dynamic highlights the critical role of
entry threats in driving innovation and shaping the competitive landscape.

If this firm does innovate, its profits, net of R&D cost will be

«

2 1 _ _
T = ql-e <— - 1) : Ls,t : As,t - Cz‘,tAs,t—l- (49)

And substituting Equation (39) in the Equation (49) above, we obtain

2 (1 _ —_
iy = Ql-o <a — 1) Ly yAsi—-1 — CigAsia,

which on collecting like terms, can be simplified to

1
Tt = [0412“ (a - 1) Y- Lst — cig

Equation (50) captures the profits made by an advanced incumbent firm, given 6 and ¢; ;.

As,t—l‘ (50)

5.2 Innovation by Backward Incumbent Firms

In this subsection, we consider an incumbent firm that was backward in the previous time

period, t — 1. Accordingly, its productivity will be

Aist—1 = lles,t—l-
Y

Such a firm will remain backward even if it innovates in the current time period, t,
since the technological frontier would also have advanced by ~ in the current time period.
Therefore, this firm will make zero profits if entry occurs with probability # in time period
t, irrespective of whether it innovates. Entry, which is always of a technologically advanced
firm, will displace this firm.

On the other hand, if an entry does not occur, the probability for which is given by
(1 — @), the firm does survive and make profits. Note that this is the only case where the

firm can make any profits.
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If the firm innovates, and entry does not occur, its gross profits (i.e., before deducting

R&D costs) will be
2 1
Tia = ars - Ly, - Ay (5 — 1) [1 _ 9] . (51)

——

N J/

T (b)

Note that T'erm(a) in Equation (51) is similar to Equation (22). The productivity parameter
A;s indicates that this firm has innovated in the current time period but is still not at the
technological frontier. Term (b) is the probability that an entry does not occur in the
intermediate good sector.

On the other hand, if this firm does not innovate and entry does not occur, its profits

will be
2 1

Tig =T Loy~ Ajgr g (a — 1) [1 — 9} ) (52)
—

[\ J/

~~ b
o (b)

As earlier, term (a) in Equation (51) is the same as Equation (22). The difference is that the

productivity parameter A;;; 1 indicates that this firm has not innovated in the current time
period but is still not at the technological frontier. Term (b) is, as earlier, the probability
that an entry does not occur in the intermediate good sector.

A backward firm, with innovation cost ¢; ;A;s -1, will innovate only when the incremental

benefit from innovation exceeds the innovation cost. This is captured by the condition

2 1 2 1
at=o - Ly Ajsy (5 — 1) [1 — 9] —at=o - Loy A (a — 1) [1 — 9] > ¢4 Aisi—1. (53)

Recall that A;s; = vA;s;—1, which we substitute for in the above equation and obtain

1 1
0613“ Ly - fVAz's,tfl <— - 1) [1 - 9] - 0613‘1 Loy~ Ais,tfl <— - 1) [1 — 9] > Ci,tAis,tfla
« «

which on the collection of like terms can be written as

1
a% (— — 1) . Ls,t . Ais,tfl |:1 — 9:| |:")/ - 1] > Ci,tAis,tfb

«

which on canceling out like terms, can be simplified as

o (g . 1> 0 | 54
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Equation (54) captures the condition under which a backward firm innovates, given 6 and ¢; ;.
It can be noticed that the backward firm’s incentive to innovate has a negative relationship
with the entry probability 6. Intuitively, this means that since the firm is far below the
technological frontier, it is not going to survive an entry threat, irrespective of whether it
innovates. Therefore, it is discouraged from innovating if the entry threat increases because
it cannot escape the displacement caused by the entry of a technologically advanced entrant.

If the firm does innovate and survive the entry threat, its profit net of R&D investment

will be
1
Tt = ate - Lgp- Aisy <— - 1) [1 - 9} — CipAisi—1-
o}

In the above equation, we substitute for A;s; = vA;s:—1, and obtain

1
Tt = Oé% : Ls,t : VAz's,t—l (a - 1) [1 - 9] - Ci,tAis,t—la

which on collecting like terms, can also be written as

1
Tt = [Oélza <— — 1) Ls,t . "}/|:1 — 9] —Cit
(%

Equation (55) captures the profits made by a backward firm, net of R&D investment, if it

Aisi-1. (55)

innovates, given ¢ and c; ;.

6 The Steady-State Share of Advanced Firms

In this section, we characterize the steady-state fraction of advanced firms in our model. We

make the following two assumptions before we proceed to characterize the steady state.
Assumption 1. We assume that initially, the entry threat, 0, is zero.

Assumption 1 allows for the analysis of firms’ natural inclination towards innovation in
an environment free from the pressure of potential new entrants. It helps to identify the
innovation behavior of firms solely driven by their internal cost structures and productivity
levels without external competitive pressure. Without the entry threat, firms’ decisions
to innovate are influenced only by their innovation costs, denoted by c¢;;, and the existing
technological frontier.

We also make the following additional assumption.
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Assumption 2. Absent any entry threat, that is to say, when 6 =0, no firm with
innovation cost equal to ¢, ever innovates. This assumption takes the form

(7 — l)a% <l — 1) Ly < c.

(0%

Assumption 2 mathematically expresses that the expected benefit of innovation, when
there is no threat of new entrants, is less than the cost of innovation for firms with the highest
cost, ¢. This assumption effectively underscores that, without the pressure of potential new
entrants, the expected returns from innovation are insufficient to justify the expenditure for
firms facing the highest cost of innovation.

Assumption 2 serves as a critical baseline for analyzing the effects of policy-induced entry
threats on firm innovation behavior. By stating that no firm with the highest innovation
cost, ¢, will innovate in the absence of an entry threat (§ = 0), we delineate the conditions
under which firms are inert in terms of innovation. This baseline helps in contrasting the
innovation behavior when entry threat, 8 > 0, is introduced.

Assumption 2 also sets the stage for exploring the impact of policy interventions on
innovation. If policymakers increase the probability of entry, 6, they alter the cost-benefit
analysis for incumbent firms. This increased threat, 8 > 0, creates an additional incentive for
firms to innovate, as failure to do so could result in loss of market position and profits. We
thereby demonstrate how policy-induced competition can stimulate innovation, especially
among firms that would otherwise remain stagnant due to high innovation costs.

We make use of these two assumptions to determine the steady-state fraction of advanced
firms in the economy, conditional upon # = 0. Let S; denote the fraction of advanced firms
at time period ¢t. Suppose that an advanced firm that successfully innovates at date t starts
out in time period t+ 1 as an advanced firm, and all other firms start out as backward firms.
Additionally, with exogenous probability e, a backward firm at the end of time period ¢ is
replaced by a new, advanced firm at time period ¢t 4+ 1. The dynamic equation governing the

fraction of advanced firms can be written as

Bir1 = zabi +e(1 — za0), (56)
(a) (b) (©)

where z4 = Pr(c = 0) = %, is the probability that an advanced firm innovates if = 0.
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Recall that as per Assumption 2, firms do not innovate if § = 0 and ¢ # 0. In Equation
(56), T'erm (a) is the fraction of advanced firms in time period ¢+ 1. T'erm (b) is the fraction
of advanced firms that started out as advanced firms and have successfully innovated and
continued as advanced firms in time period ¢ 4+ 1. T'erm (c) is the fraction of backward firms
that have been replaced by new advanced firms. By substituting for z4 = %, and the fact
that in the steady-state, 8,11 = B; = 8%, the steady-state fraction of advanced firms is given
by
p=2p+e(1-28)
which can be simplified to

1 €
5—554'55:5,

which can further be simplified to

(15 =20 30-9) =5 () -

Therefore, the steady-state fraction of advanced firms in the economy is given by

= (12—Es> (57)

Note from Equation (57) that the steady-state fraction of advanced firms, (§*, is solely

determined by the exogenous parameter ¢, representing the probability of a backward firm

3

being replaced by an advanced firm®. By abstracting away from exogenously determining

5%, we establish a framework to explore the direct implications of policy interventions on

3This result follows directly from Assumption 1 and Assumption 2, which collectively ensure that, in the
absence of entry threats (6 = 0), the only mechanism for backward firms to become advanced is via the ex-
ogenous replacement process. Specifically, Assumption 1 (6 = 0) eliminates entry threats, thereby removing
any external pressure on incumbent firms to innovate. Assumption 2 further restricts endogenous innovation
by stating that firms with the highest innovation cost (¢) do not innovate when # = 0. Together, these
assumptions ensure that the steady-state fraction of advanced firms is determined solely by the exogenous
parameter ¢, which governs the replacement of backward firms by advanced entrants.

While, in the subsequent analysis, the policymaker sets a positive entry probability (6 > 0), potentially
incentivizing incumbent firms to innovate, our current framework abstracts from any direct impact of 6 on 5*.
This abstraction allows us to focus on the immediate policy effects on aggregate productivity and inequality
without altering the long-run composition of firms. In other words, while § > 0 influences incumbents’

short-term innovation incentives, it does not affect the steady-state share of advanced firms in the present
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firm behavior. This approach enables us to isolate and analyze the causal relationships
between policy decisions, entry threats, and innovation incentives. The core objective of our
analysis is to explore how the policymaker’s entry policy, captured by the entry probability,
0, influences firm behavior. The firm entry policy, 0, is set by the policymaker who not only
succumbs to bribes offered by incumbent firms to restrict entry but also reducing income
inequality (w;). This trade-off underscores the political economy dimension of the model,
where the policymaker’s entry policy balances income inequality among the two types of
labor and rent-seeking pressures from incumbents.

With the steady-state share of advanced firms being given by Equation (57), the aggregate
productivity of the skill sector, when there is no entry threat faced by incumbent firms (i.e.,
0 =0), is given by

_ 1 -
As,t = B*As,t + (1 - 5*) : ;As,t

This equation illustrates how the aggregate productivity, A,;, in the skilled sector is

determined by the productivity levels of both advanced and backward firms in the steady

framework.

However, one would expect 8* to depend on 8, reflecting endogenous innovation responses to entry threats.
A plausible feedback mechanism could involve an increase in the fraction of advanced firms that choose to
innovate when the entry threat is positive. In the baseline scenario (6 = 0), only zero-cost firms innovate,
yielding z4 = % However, when 6 > 0, the threat of entry could induce some positive-cost firms to innovate,
thereby increasing the overall fraction of innovating advanced firms.

The feedback mechanism could take the form

1
2a(0) = 5 + 60,

where § > 0 captures the sensitivity of firms’ innovation response to the entry threat. The steady-state share

of advanced firms would adjust accordingly to

_ 2e
S 14e—250(1—¢)

p*(0)

This formulation shows that a higher entry threat, 6, raises the steady-state fraction of advanced firms by
expanding the subset of firms willing to innovate, beyond just the zero-cost firms.

While incorporating such a feedback mechanism would enrich the model by linking policy-induced competi-
tion directly to the long-run technological composition, it would also introduce non-linearities that complicate

analytical tractability.
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state. Specifically, As; represents the frontier productivity level, and v is the factor by
which backward firms lag behind the frontier. The term 6*/_157,5 represents the contribution
to aggregate productivity from the advanced firms, which operate at the frontier productivity
level. The term (1 — §*) - %flsjt represents the contribution from the backward firms, which
operate at a productivity level of %fls,t.

In the absence of an entry threat (6 = 0), the steady-state share of advanced firms,
determines the proportion of firms at the frontier. The aggregate productivity is thus a
weighted average of the productivity levels of the advanced and backward firms. The weight
for the advanced firms is 5*, while the weight for the backward firms is 1 — 3*, adjusted by
their relative productivity level, % This equation highlights the impact of the distribution

of firms’ productivity levels on the overall productivity of the skilled sector.

7 Introducing the Policymaker

We now introduce a policymaker who sets the firm entry policy, #, in each period. On
the one hand, the policymaker responds to bribes offered by incumbent firms to restrict
entry. On the other hand, he/she is also concerned about reducing the wage gap between
the skilled and unskilled labor force, w;*. In this section, we now proceed to show how each
of these variables—the bribes offered by incumbent firms, the GD P, and the skill premium,
wy, can be expressed as functions of the firm entry policy, #. We will then proceed to set the

policymaker’s objective function where he/she sets the entry policy, 6.

4At the end of this section, it will be shown that both bribes and GDP are linear functions of #. Therefore,
we abstract away from considering an increase in the output of the economy as an additional concern for the
policymaker since a policymaker that sets an entry policy that maximizes his/her bribes is automatically
also maximizing the output of the economy. However, while comparing the impact of the entry policy, we

consider both the GDP and the skill premium, which is a measure of inequality in the economy.
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Figure 2: Bribes Offered by Incumbent Firms.
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7.1 Bribes Offered by Incumbent Firms

In this section, we compute the maximum?® bribes that incumbent firms—both advanced and
backward—would be willing to pay to the policymaker to prevent a shift in entry probability
from § = 0 to 8 > 0. To compute these bribes, we first need to compute the total payoffs
of each type of firm, and for each cost realization: ¢;; = 0 or ¢;; = ¢. We show that these
payoffs are functions of the firm entry policy, 6.

We will now examine the bribes offered in detail, depending on whether the firm is

advanced or backward. The discussion on bribes is summarized in Figure 2.

7.1.1 Bribes by Advanced Incumbent Firms

Consider first an incumbent intermediary firm that was advanced in the previous time pe-
riod. Recall that we have specified two possibilities for the cost of innovation: ¢;; = 0 or
Ciy = C.

Case 1: Cost of innovation, c;;, is zero.

If the innovation cost in time period t is ¢;; = 0, an incumbent intermediary firm will always
innovate, irrespective of the entry threat, since, by doing so, it will make itself immune to the

entry threat. Therefore, for an advanced incumbent firm facing ¢;; = 0, the post-innovation

5This section works out the maximum potential bribe that either the advanced or backward incumbent
firm will offer to the policymaker. Since a bargaining game is not explicitly modeled, the sharing of surplus
is not worked out. It is important to note that the actual bribes paid by incumbent firms may, in practice, be
lower than the theoretical maximum derived in this subsection. The actual amount would likely result from a
bargaining process between the policymaker and the firms. While detailed modeling of this bargaining process
is beyond the scope of our analysis, it could, for instance, be represented by a Nash bargaining framework,
where the division of surplus depends on the relative bargaining powers of the two parties. However, given
that the policymaker holds absolute authority over the entry policy, 8, and that an entry probability of
0 = 1 could result in the complete displacement of incumbents from the market, the policymaker is likely
to possess significant bargaining power. As a result, the policymaker would plausibly be able to extract a
larger share of the firms’ profits, thereby driving the equilibrium bribes closer to the maximum threshold.
For the purposes of this model, we abstract away from the complexities of the bargaining game and focus

solely on the maximum bribes as an upper bound on the rents that incumbent firms are willing to offer.
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profit will be independent of the entry probability. From Equation (50), we know that the

profits of an advanced incumbent firm are given by

1
Tt = [0412“ (a - 1) Y- Lst — cig

Since ¢;; = 0, the profit for this type of firm would reduce to

1
Tt = [0413“ (a - 1) Y Ly

Essentially, if a firm is advanced in the previous period, and if innovation is costless in the

As,t—l‘

Asi-1- (58)

current period, it has no incentive to bribe the policymaker. This is because the firm can se-
cure its position and maintain its profits simply by innovating. There is no additional benefit
to be gained from bribing the policymaker because the firm’s profits are already maximized

through innovation.

Case 2: Cost of innovation, c;, is c.

An incumbent intermediary firm facing cost, ¢;; = ¢, will innovate only if the entry threat,
0, becomes sufficiently high that Equation (48) holds, which means that the post-innovation
profits, given the entry threat, 6, exceeds the cost of innovation. If it does innovate, it loses
a chunk of its profits compared to its pre-innovation profits. Therefore, in time period t,
the maximum bribe that an incumbent intermediary firm that was advanced in time period
t — 1, facing cost ¢;+ = ¢, would be willing to pay to the policymaker will be the difference
between the profits it would have made without innovation and the profits (net of innovation
cost) that it would be making if it innovates.

The pre-innovation profits of an incumbent intermediary firm are given by Equation (28).
Note that for an incumbent firm that was advanced in the previous period, t — 1, and has
chosen not to innovate in the current time period, ¢, the productivity parameter in time
period ¢ would be A;,; = As; 1. Therefore, we substitute for this fact in Equation (28) to
obtain the current period pre-innovation profit of a firm that was advanced in the previous
period and has not chosen to innovate in the current period. This is given by

2 1 _
Tt = ol-o (— - 1) . Ls,t . Asﬂf_l. (59)

«
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On the other hand, if the incumbent intermediary firm chooses to innovate, its profits

will be given by Equation (50). Substituting for ¢;; = ¢ in Equation (50), we obtain

1
Wi,t: [Ozlza<a—1> 'P)/'Ls,t_é

The maximum bribe that an incumbent firm that was advanced in time period ¢ — 1,

Auor. (60)

)

which faces an entry threat ¢, would be willing to pay to the policymaker would therefore

be the difference between Equation (59) and Equation (60). We express it as

1 - 1
Oé% <_ - 1) . Ls,t : As,t—l - [alza <_ - 1) Y Ls,t —C
(6% (0%

which can be simplified as

As,t—la (61)

[ L1
As,t—l Oéla<——1>‘L57t<]_—'y>+C

which can also be written as

Aoy 6= (v —1)ars (l - 1) Lyl . (62)

«

-~

(a)
Note that from Assumption 2, T'erm (a) in Equation (62) is positive. Equation (62) gives us
the maximum bribe that each incumbent firm that was advanced in the previous period will
be willing to pay to the policymaker to prevent entry in time period t. Since the fraction
of advanced firms in the steady state is given by (*, and the probability that the cost of
innovation is ¢, is Pr(c;y = ¢) = %, the total bribes offered by all incumbent firms that were
advanced in the previous period and face an innovation cost of ¢, that want the policymaker

to restrict entry of new, technologically advanced, firms in time period ¢, will be

«

_ L 1| 2 (1
Ba,t :As,tfl ﬁ : 5[0_ (’Y— 1)041_a <_ - 1) 'Ls,t] : 1<I>>

which on substituting for the fact that A&t,l = %fls,t, can also be written as

«

Agi- B % [e —(v- 1)a% <l — 1) : Ls,t] g. (63)
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where the term 14 is equal to 1 if Equation (48) holds, that is the condition for an advanced
firm to innovate, given the entry probability and cost of innovation, holds. If this condition
does not hold, the term 14 would take the value zero, and the total bribes given by these
firms would also be zero since they would not be engaging in innovation.

Note from Equation (63) that the total bribes that advanced incumbent firms as a group
would be willing to pay to the policymaker when faced with an innovation cost of ¢ in the
current time period is not entirely independent of the entry threat, . Essentially, the entry
threat, 6, impacts the firm’s threshold of innovation decision, as given in Equation (48),
but not the resultant profit differential, which is used to determine the bribes. Once the
advanced firms decide to innovate so as to stay at the frontier and avoid displacement, their
post-innovation profit becomes a constant factor, not influenced by the entry threat 6. It
has already been seen in Equation (48) that a higher entry threat, 6, encourages advanced

incumbent firms to innovate.

7.1.2 Bribes by Backward Incumbent Firms

We now consider incumbent intermediary firms that were backward in the previous time
period, t — 1. Such firms will innovate in time period ¢ if and only if their cost of innovation
is zero, that is, ¢;; = 0, irrespective of their entry threat. This is because even if a firm that
was backward in time period ¢ — 1 innovates in time period t, it will still remain backward

in time period t and will be displaced when entry occurs in time period t.

Case 1: Cost of innovation, c¢;;, is zero.

Consider, first, the scenario that it faces an innovation cost of ¢;; = 0. In such a scenario,
the incumbent firm that was backward in the previous period would choose to innovate since
innovation is costless. However, it would survive in time period ¢ only if entry threat 6 = 0.
Therefore, such a firm has an incentive to bribe the policymaker to restrict entry. The
backward incumbent firm would be willing to pay a maximum bribe of the post-innovation
profits that it would be foregoing when moving from 6 = 0 to ¢ > 0. This means that
the maximum bribe that this firm would be willing to pay to the policymaker would be the

difference between the profits that it makes when it innovates and # = 0, and the profits
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that it would make when it innovates and 6 > 0. The post-innovation profit of an incumbent
backward firm is given by Equation (55). When not faced by an entry threat, that is 6 = 0,

and when the cost of innovation, ¢;; = 0, this would be suitably modified and written as

«

1
T = Oé% <_ - 1) Ls,t . VAis,tfl- (64)

On the other hand, when the entry threat is ¢ > 0, if a backward firm innovates, its
post-innovation profits are given by Equation (55). When considering the fact that in the

present case ¢;; = 0, Equation (55) is suitably modified and written as

«

1
ﬂ-i,t = O{ﬁ <— — 1) Ls,t . ryAiS,t—l |:1 — 9:| . (65)

As mentioned earlier, the maximum bribe that a firm facing ¢;; = 0 would be willing to
pay would be the difference in post-innovation profits when 8 = 0 and when 6 > 0. This is

given by the difference between Equation (64) and Equation (65).

1 1
Ofﬁ (a - 1) Ls,t : VAis,t—l - 04% (a - 1) Ls,t : '7Ais,t—1 [1 - 9} ) (66)

which can be simplified as

2 (1
aT-a (— - 1) Ly 0vAisi1. (67)

«

Case 2: Cost of innovation, ¢;;, is ¢. If a firm that was backward in the previous time
period faces a cost of innovation ¢;; = ¢ in the current time period, it will not innovate if
entry threat 6 > 0. This is because, even if it innovates and takes a cut on its profits, it
would not be able to survive an entry threat. In such a scenario, the maximum bribe that
such a firm would be willing to pay the policymaker would be the difference between profits
made when it does not innovate and ¢ = 0, and the profits made when it does not innovate
and 6 > 0. The profits of a backward firm, when it does not innovate, is given by Equation

(52). When we consider § = 0, Equation (52) is suitably modified as

«

1
ﬂ-i,t = O{ﬁ <— — 1) . Ls,t . Ais,t—l- (68)
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The profits of a backward firm that does not innovate and faces an entry threat of 6 > 0,

are given by Equation (52)

1
Tt = Oé& <— - 1) Ly A1 [1 - 9}
o

Therefore, the maximum bribe that a backward firm facing ¢;; = ¢, would be willing to
pay to the policymaker is given by the difference between the above two equations, which is

given by

1 1
ot (— - 1) Log+ Ajgyy — a7 (— - 1) Lo+ A [1-0], (69)
« «

which can be simplified as

2 (1
aT-a (— — 1) Ly -0 Ajspa. (70)

«

Equation (67) gives the maximum bribe that a backward firm will be ready to pay when
¢t = 0 and Equation (70) gives the maximum bribe that a backward firm will be ready to
pay when ¢;; = ¢. Since ez ante, the firm has equal probabilities of facing either of the two
scenarios, the maximum bribe that the backward firms as a group would be willing to pay

the policymaker is given by

1 1 1 1
Bb,t = (1 - B*) [_ 'aﬁ <— - 1) Ls,t Oy - Ais,t—l + 5 'Oéﬁ <— - 1) ‘Ls,t -0 - Ais,t—l ) (71)

(67

where (1 — %) is the steady state share of backward firms in the economy. The above

equation can also be written as

1 1 1 1
—~a% ——1 Lstﬂfy—i——«a% ——1]-Lss-0],
2 «Q ’ 2 Q k

which, on substituting for A;s:—1 =

By = (1= ") Aist—1

= Ast, can be re-written as

Ay

1 1 1
<__ ) st ° 9’}/"—_ &la<__1>'Ls,t'9]7
e} 2 «Q
1 2 1
_.W(__l)Lst.e
2 a '
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1
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which can be simplified as

* 1 -
Bb,t<0) - (1 - 6 )?As,t

(v+1). (72)




Note from Equation (72) that the maximum bribes offered by backward firms change
linearly with 6. This reflects the economic reality that backward firms are more willing to
pay higher bribes to avoid being displaced when the threat of entry is significant. A higher
entry threat, 8, means that these firms are increasingly vulnerable to being displaced from

the economy.

7.1.3 Total Bribes Offered by Incumbent Firms

On adding Equation (63) and Equation (72), we get the total bribes that incumbent firms
will be willing to pay the policymaker so as to prevent him/her from increasing the entry

threat from 6 = 0 to € > 0. Thus, the total bribes will be

2 o

1 2 1
_.alcx<__1>Lst.9
2 Qo ’

Equation (73) captures the aggregate behavior of incumbent firms in terms of their will-

Bt(e) = Ba,t(e) + Bm(e) == %As,t . B* . 1 [E— (’7 — ].)Oé% (l — 1) . Ls,t] . 1(19

1

(1 W)%As,t (7 + 1). (73)

ingness to bribe the policymaker to restrict entry. The equation combines the incentives of
both advanced and backward firms (where the share of advanced firms in the economy, £*
is exogenous), reflecting their strategic responses to the entry threat parameter, 6. Note
that for advanced firms, 6 indirectly affects the bribes by affecting their decision to innovate,
which is conditional upon Equation (48) holding true. This is captured by the term 1 in
Equation (73). For a backward firm, 6 directly scales the bribe amount, showing a linear
relationship. This indicates that as the entry threat, 6, increases, backward firms are more
willing to pay higher bribes to avoid being displaced.

We now analyze how the total bribe paid by incumbent firms changes with a change in

the entry threat, 6. The first-order derivative with respect to 6 is given by
0B, (0 1 1 1

t(0) _.ala(__1>Lst

2 « ’

= (1 - 3= A,
80 ( B ),}/2 ,t
which is positive. Note that the term 14 is an indicator function, which can only be 0 or 1,

(v + 1), (74)

and is therefore constant with respect to . The second-order derivative is given by

2B, ()

2 = 0. (75)
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Since 838;9(9) > 0 and % = 0, it is clear that the total bribes are a linear function
of the entry probability, . Since  lies in the range of [0, 1], the policymaker can earn the

highest bribes by setting the entry policy as 6 = 1.

7.2 The Dynamics of Aggregate Productivity

It has been shown that the GDP and the wage premium are both functions of the aggregate
productivity in the skilled goods sector, A, ;. In this sub-section, we show how this aggregate
productivity is influenced by firms’ decision to innovate, which in turn is influenced by the
entry threat 6 and the cost realization faced by each firm, ¢;;. Note that, irrespective of
whether the firm is advanced or backward, if entry occurs in sector ¢ with probability 6, the
productivity in that sector will always be at the frontier since the new entrant comes with
frontier technology. Therefore, in such a scenario, the productivity of the i** firm will be
A,;. When entry does not occur, for which the probability is (1 — ), the change in a firm’s
productivity depends on the type of the firm and the cost of innovation faced by each of it.

The changes in the productivity of firms, conditional upon the entry threat, 8, are sum-

marized in Figure 3.

Case 1: Contributions to Aggregate Productivity by Advanced Firms

In the case of an advanced firm, if entry occurs in the i** sector with probability 6, then the
productivity of that sector would be at the frontier since the new entrant comes with frontier
technology. Therefore, the contribution to aggregate productivity by sectors in which entry

has occurred is given by

B*0A,,, (76)

where [* is the equilibrium share of advanced firms in the economy.
When there is no entry threat, the decision to innovate depends on the cost of innovation

faced by the firm. If the innovation cost faced by the firm is ¢;; = 0, for which the probability

is %, an advanced firm innovates. Therefore, the contribution to aggregate productivity by

advanced firms that have survived an entry threat, faced an innovation cost of ¢;; = 0, and
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Figure 3: Changes in the Productivity of Firms, Conditional Upon the Entry Threat, 6.

innovated will be

pr(1 - 0)%As¢- (77)

On the other hand, if it faces a cost of innovation ¢;; = ¢, whether the firm innovates
depends on whether the benefit from innovation exceeds the cost of innovation, that is,
when Equation (48) holds. In such a scenario, the contribution to aggregate productivity by
advanced firms that face an innovation cost of ¢ and for whom Equation (48) holds, is given
by

1-

51 = )5 A0 1, (78)

where the term 14 takes the value one if Equation (48) holds, and zero otherwise. Advanced
firms that survive entry threat and face an innovation cost of ¢ do not innovate if the benefit
from innovation does not exceed the cost of innovation, that is, if Equation (48) does not
hold. Consequently, the productivity of the i firm in this scenario will be the same as the

productivity in the previous period; that is, it will be fls,t,l = fls,t. The contribution to

1
5
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aggregate productivity by such advanced firms is given by
B*( 9)1[1 1y = B*(1 9)1 La, (79)
9 s,t—1 v — 9 ~y s,t U,

where the term 1y takes the value one if Equation (48) does not hold, and zero otherwise.
Adding Equation (76), Equation (77), Equation (78), and Equation (79) gives us the total
contribution to aggregate productivity by advanced firms. This addition yields

As,t,a - 6*9/_15,15 + 5*(1 - 0) AS,t + 6*(1 - 0)

N | —
DN —

_ 1 1 -
Asy- 1o+ 57(1 — 9)5 : ;As,t -1y, (80)

which, on collection of terms, can also be written as

_ _ . 1
A57t7a - 6* QAs,t —|— (1 - 0) A57t + (1 - 9) As,t |:1 . 1@ + ; . 1\1;:|] 5

N | —

1
2

and on factoring out the term z‘_ls,t can be simplified as

As,t,a = B*

1< 1< 1 1

S A 4+ 0=A,, +(1—6)=A, [1-1 —-1} ,
5 Ast + 05 £t ( )2 i ¢+7 W]
and on combining like terms, this reduces to

B*As,t
2

As,t,a(e) =

1
1+9+(1—9)[1-1®+;-1\p}], (81)

Note that Equation (81) denotes the contribution made by advanced firms to the aggre-
gate productivity in the economy. This contribution not only depends on the entry threat,
6, but also the growth rate of the frontier, v, and also on the marginal benefits and costs as-
sociated with innovation. Further, it is also a function of the steady-state share of advanced
firms, 3%, the frontier productivity level, A, ;, the indicator function, 1g, which takes value 1
if Equation (48) holds and 0 otherwise, and the indicator function, 1y which takes the value

1 if Equation (48) does not hold and 0 otherwise.

Case 2: Contributions to Aggregate Productivity by Backward Firms
In the case of a backward firm, once again, if entry occurs in the i*" sector, the productivity
in that sector will be at the frontier since the entrant comes with frontier technology. The

contribution to aggregate productivity by such firms will be given by
(1— 304, (82)
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When there is no entry threat, for which the probability is given by (1 — 6), firms decide

whether to innovate, depending on the cost of innovation, ¢;;. If the cost of innovation is

zero, for which the probability is %, these firms innovate. The contribution to aggregate

productivity by such firms is given by

1 1

(1= F)(1 = 0)5 A = (1= B)(1 = 0)5 A (33)

On the other hand, if the cost of innovation is ¢, for which the probability is %, these firms

do not innovate. The contribution to aggregate productivity by such firms is given by

(1= 8)(1 = O)3Aur = (1= B =0)5  Aur = (1= F)1 =03 A (89

The total contribution to aggregate productivity by backward firms is given by adding
Equation (82), Equation (83), and Equation (84). This addition yields

Ay = (1= 804, + (1— B)(1 — 9)% - %As,t (- ) — 9)% . %ASJ, (85)

which, on factoring out (1 — 5*)A,; can be simplified as

= 1 1 1
Agip = (1= ") Ay 9+(1—9)§‘;[1+;] : (86)
which can also be written as
L 1 1+
Agral0) = (1= ) A |0+ (1= 0)5 - 727 (87)

Note that Equation (87) denotes the contribution made by the backward firms to the
aggregate productivity in the economy. This contribution is a function of the share of
backward firms, 1 — 3*, the frontier productivity, A, the entry threat, 6, and the growth
rate of the frontier, ~.

The total contribution to productivity made by advanced firms and backward firms put

together is obtained by adding Equation (81) and Equation (87), which yields

*As
AS,t(Q) = As,t,a(e) + As,t,b<0) = B 5 4

1—1—9—1—(1—9)[1'1@—1-%1\11}]

+ (1= B")Ass

1
0+(1—9)§-

50



Equation (88) encapsulates the complex interplay between aggregate productivity in the
skilled sector and the entry probability, ¢, innovation costs, c¢;;, and the rate of growth of
the frontier . To see how the aggregate productivity of the skilled sector, A, ;, behaves with
respect to 0, we find the partial derivative of Equation (85) with respect to 6, which yields

aAs,t - B*As,t 1 *\ A
= 1—[1 Lot 1q,] +(1- YA,

(. / .
~~ -~~~

(a)

(89)

—
=

Note from Equation (89) that Term (b) is always positive, given that 0 < § < 1 and y > 1.
The sign of Term (a) depends on whether Equation (48) holds, that is, whether the benefit
from innovation exceeds the cost of innovation for advanced firms. Two scenarios are possi-

ble here, depending on whether Equation (48) holds.

Scenario 1: Equation (48) holds

In such a case, the term 1lg will be equal to 1 and the term 1y will be equal to zero.

1—1] =0,

in which case the right-hand side of Equation (89) will be positive.

Consequently, T'erm (a) of Equation (86) will be

5*,221“ [1_ [1_1+%_0}] _ ﬁ*;_ls,t

Scenario 2: Equation (48) does not hold
In such a case, the term 1 will be equal to zero and the term 1y will be equal to 1.

Consequently, T'erm (a) of Equation (86) will be

B A, 1_ [1.0+%.1}] _ B* A,

Y

2

R I W)

gl 2y

in which case, again, the right-hand side of Equation (89) will be positive.
Thus, in both scenarios, the overall sign of Equation (89) is positive. This means that

the aggregate productivity of the skilled sector, A, increases with respect to 6.

0As+
00

> 0. (90)
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Intuitively, a higher 6 leads to a more competitive environment where firms are driven to
continuously improve their productivity through innovation.

From Equation (89), we further arrive at the second-order derivative, which is given by

0%A,,
002

~0. (91)

This indicates that the relationship between the aggregate productivity in the skilled sector,
Ay, and the entry probability, 6, is linear®. This means that the A, attains maximum when

0=1.

7.2.1 Relationship of Aggregate Productivity in the Skilled Sector, A,; with
the GDP

Equation (31) expresses the GDP as a function of, inter alia, the aggregate productivity in

the skilled sector.
1+« 1
GDPt = Gt = PuAuLu,t + Ollti(’LsJAs’t |:— — 1:| .
«

Recall from Equation (31) that the GDP is a linear function of the aggregate productivity
of the skilled sector, A,;. We now analyze how GDP behaves with respect to changes in the
entry probability, . The first-order derivative with respect to 6 is given by

0A;+(0)

ath (As,t(e)) o |:1 80 ) (92>

i R 12

«

0As 1 (0)

Since =55~ > 0, the above equation is positive. The second-order derivative with respect

to @ is given by

0?G(A,4(0)) 14a [ 1 0?A,4(0)
- = —a | — — 1] L,————=.
06? o | 96? (93)
And since azg‘;’;(@) = 0, the above equation becomes zero. Therefore, we now have that

0G4 (As+(0)) < 0: 62Gt(1437t(6))

o0 ’ D02 =0,

which means that the GDP is a linear function of #. Since 6 lies in the range of [0, 1], the

GDP attains maximum when the firm entry policy, 6, is set to 1.

SNote that the terms 1¢ and 1y are indicator functions, which can only be 0 or 1, and therefore are

constants with respect to 8. Recall that these indicators depend on whether Equation (48) holds.
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7.2.2 Relationship of Aggregate Productivity in the Skilled Sector, A,; with

the Inverse of Skill Premium

We now proceed to analyze how the skill premium behaves with respect to the entry proba-

bility, 6. Recall from Equation (38) that the skill premium is given by

p 1-p
L,
Ly '
We differentiate the above equation with respect to # and obtain
P
Ly,
L

0As ¢
o0

H(Aus(0)) = (1= a)afE .

A, .(0)
Ay

1

Ay

1-p
p=1 0As4(0)

Ow(As4(6)) 2ap n- |:As,t(‘9)] T (94)

50 =(1—-a)at-—o -

1
U

Since we know from Equation (89) that > 0, and since 0 < p < 1, Equation (94) is

positive, that is, % > (. The second-order derivative is given by
1-p _
a2wt 2ap 1 1 g Lu P2 @ASJ(Q) 2
I RN Pl I X RV PR R i

0?Aq4(0)

+ {As,t(ﬁ)] " P20 (05)

From Equation (90), we know that 62‘?)59’5(0) = 0. Therefore, Equation (95) can be reduced to
1-p —
(92(,0,5 2ap 1 1 8 Lu P2 0AS t(@) 2
—(l—a)aioe . —. |—| . |2~ D - —1)| A0 : , '
e s RE 0 0 = VAR (V] O] N ™ 1 B P

Since 0 < p < 1, (p—1) < 0. Therefore, Equation (96) is negative. From Equation (94) and

Equation (96) we have that

@wt ) 02wt

This shows that the skill premium, wy, is a concave function of the entry probability, 6. This
means that the skill premium reaches a maximum at the point where % =

The policymaker is assumed to dislike wage inequality and is interested in reducing the
wage differential between skilled and unskilled laborers. To this end, we consider that the
inverse of the skill premium enters his/her objective function, which he/she sets to maximize.

Therefore, we now proceed to analyze how the inverse of the skill premium behaves with
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respect to the entry probability, 8. Equation (38) gives the skill premium, from which the
inverse of the skill premium is obtained as

p

Ay

A .(0) L,

L]’
; —] . (97)

Wi Ay (0)) = [(1 —a)atE l] ,

Note that w; ! is inversely proportional to the aggregate productivity of the skill sector, Ast.
This inverse relationship is an essential characteristic of how the inverse of skill premium
responds to changes in aggregate productivity in the skilled sector, which we will invoke
while discussing our main results.

From Equation (97), we obtain the first-order derivative of w; ' with respect to 6 as

-1 1—p
Ow; ' (A (0)) 20 1| | Ly ; 1) 0AL(0)
D T S L 1— T—a - — _ A —plA..(0 . ’
Since 0 < p < 1, and aAg_,;(e) > 0, Equation (98) is negative. The second-order derivative is
given by
—1 1-p
O*w; M (A4 (0)) 200 1 Ly P
T R
~(+2) [04:4(0)]° ~(p+1) 0% Asu(0)
. NIA = —plA N LA A
,0(,0+ )[ S,t(e)} |: 90 '0[ Svtwﬂ 002
Since 82’389’5 © — 0, the above equation reduces to
PaAuaO) [ e 1] L]
06° B A u

p@+1m&ﬁw]””*{@%§@]l (99

which is positive since 0 < p < 1. Therefore, from Equation (98) and Equation (99), we have

—1 2 1
Ow, 0°w,

a5 <0 g

> 0. (100)

This means that the inverse of the skill premium is a decreasing and convex function with
respect to 6. This suggests that as the entry probability 6 increases, the inverse of the skill

premium decreases at an increasing rate. Therefore, to maximize the inverse of the skill
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premium, a lower value of # would be preferable. Since 6 lies in the range of [0, 1], this
means that the inverse of skill premium is maximized when 6 = 0.

The relationships between the aggregate productivity in the skill sector, A,,, the entry
probability, #, the total bribes, B, the GDP and the inverse of the skill premium, w; ', are

summarized in Table 1.

Aggregate Productiv-
ity (As)

Entry Probability (6)

Aggregate Productivity, (As,) | - Linear
Bribe (B) - Linear
GDP (Gy) Linear Linear

Inverse of skill premium (w; ') | Inversely Proportional | Convex and Decreas-

to A, ing with 6

Table 1: Relationship between A, 6, Bribes, GDP and w;t.

8 Determining the Planner’s Choice of the Firm Entry
Policy, 6

We now present the politician’s objective function, based on which he/she determines the
firm entry policy. The policymaker is not only concerned about addressing inequality, w;*
in the economy but also influenced by rent-seeking activities by incumbent firms, who offer

bribes to the politicians to restrict the entry of technologically advanced firms. Thus, the
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objective function” of the policymaker is given by

O)=a-B(0)+ (1 —a) w1 (0); ac]|0,1] (101)

TA more realistic specification of the policymaker’s objective function would incorporate GDP (or the
growth rate of GDP) as an explicit argument. In the current formulation, the policymaker balances bribes
and inequality, implicitly assuming that growth is sufficiently incentivized through the bribe channel due
to its positive correlation with entry probability, 8. However, this assumption may not guarantee growth
in equilibrium, especially when income inequality concerns dominate. In the absence of an explicit growth
term, the policymaker could optimally choose 6 = 0, resulting in a no-growth equilibrium due to the absence
of new entry threat and, consequently, reasons to invest in innovation.

To address this potential limitation, consider the following alternative formulation of the objective function
00)=¢-Gi0) +a-B(0)+(1—a—C¢)-w(0); ¢(ac0,1], (+a<l,

where ( represents the weight on GDP, reflecting the policymaker’s emphasis on economic growth, a captures
the weight on bribes, representing rent-extraction incentives, and 1 — a — { denotes the weight on inequality
reduction.

This extension allows for a richer set of policy regimes, each representing different policymaker priorities.

1. When a = 1,and ¢ = 0, the policymaker maximizes bribes exclusively. Since bribes increase linearly
with 6, the equilibrium entry probability would be high, as a higher entry threat incentivizes incum-
bents to pay substantial bribes to block new entrants. This could be dubbed as the “Rent-seeking”

regime.

2. When a = 0,and ¢ = 0, the policymaker exclusively minimizes inequality. Given the convex and
decreasing relationship between the inverse of skill premium and 6, the optimal policy would push 6
toward zero to minimize inequality, resulting in a no-growth equilibrium. This may be called as the

“Inequality-only” regime.

3. When a = 0,and ¢ > 0, the policymaker balances growth and inequality reduction. The linear
relationship between GDP and 6 ensures a positive entry probability, although inequality concerns
limit @ from reaching levels as high as those in the rent-seeking regime. This could be the purely
benevolent regime, where the policymaker is not pursuing bribes but purely seeks to have positive

growth and reduced income inequality.

4. Having a > 0, > 0,and 1 — a — ¢ > 0 could be the politically motivated regime where policymaker
simultaneously considers growth, rent extraction, and inequality reduction. In this case, the equilib-
rium 6 depends on the relative weights assigned to each component. Given the linear relationships

between GDP, bribes, and #, monotonic responses are ensured. Specifically,
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where a is the weight that the policymaker assigns on the total bribes, B;, offered by the
incumbent firms, and (1 — a) is the weight assigned by him/her on the inverse of the skill

: -1
premium, w™".

Proposition 1. A policymaker who does not have a distributional concern sets a
highly competitive entry policy. Accordingly, the aggregate productivity of the

skilled sector is at the frontier of technology in the skilled sector.

Proof. A policymaker who does not have a distributional concern does not aim to reduce
the wage inequality between the two types of laborers in the economy. Therefore, he/she
sets a weight @ = 1, and as a result, the weight on the inverse of skill premium is zero. We
call this regime as “Regime 1: The Bribe-maximizing Regime”. In this regime, the

objective function of the policymaker is given by
Onw(f) = a- B(0). (102)

The first-order and second-order derivatives of this objective function, with respect to 6, are

given by

=a

00 00

L f(l+a>1—-a—¢) = a+(> %, the combined incentives for growth and rent extraction

> 0,

outweigh inequality concerns, resulting in a higher 6.

ii. Conversely, if a + ( > %, inequality concerns dominate, pulling # downward.

We conjecture the following ranking of the equilibrium entry probability

HRent—seeking > 9Politically—motivated > epurely—benevolent > 61nequality—only~

The rent-seeking regime yields the highest 6 due to strong incentives to sustain entry threats for maximum
bribe extraction. The politically motivated regime is likely to produce a higher 6 than the benevolent regime
ifa+¢ > %, reflecting the joint dominance of growth and rent-extraction incentives over inequality concerns.
Conversely, if inequality concerns dominate (a + ¢ < %), the politically motivated policymaker would set a
lower € than the benevolent counterpart. Finally, the inequality-only regime results in the lowest 6 (zero),
given the increasing inequality cost associated with higher entry probabilities.

Although the linear relationships simplify some comparative statics, deriving closed-form solutions for
the equilibrium # and analytically ranking GDP, bribes, and inequality across all regimes are leading to
intractable derivations, necessitating simulation-based approaches to explore these trade-offs rigorously. We

propose this for future work.
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and

P0.,(0)  PBi(6)
2T

respectively. Therefore, the objective function of a policymaker that does not have a distri-

=0,

butional concern is a strictly linear increasing function of the entry policy, 8. Given that
lies in the range [0, 1], the policymaker will choose § = 1 to maximize ©,,,(f). Setting an
entry policy, § = 1, means that the threat of an entrant entering the economy and displac-
ing the incumbent is high. Consequently, the incumbent firms, recognizing the high risk of
displacement, may offer substantial bribes to the policymaker to deter entry. Thus, a poli-
cymaker without a distributional concern, focusing solely on maximizing bribes, will prefer
a high entry threat, § = 1. This concludes the proof.

When the entry policy is set to § = 1, the aggregate productivity in the skill sector is
obtained by substituting for # = 1 in Equation (87). This yields

1y B*Agy 1 © T 1 147~
A (0=1) = — 14+1+(1 1)[1'1@‘}‘;‘1\1/] +(1-5")As | 14+(1 1)5 | (103)
which can be simplified to
_ - ﬁ*AS,t *\ A _ o% A N\NA A
As,t(e - ]-) - T ’ (2) + (1 - B )As,t : (]—) = 6 As,t + (1 - 6 )As,t - As,t‘ (104)

From Equation (104), it can be seen that the aggregate productivity of the skilled sector,

when the policymaker sets § = 1, is exactly at the frontier. This means that

As t(@ - 1)
LA S B 105
i, (105)

Equation (105) captures the fact that a high entry threat induces a highly competitive
environment where incumbent firms are continuously pressured to innovate and improve
their productivity to avoid being displaced by new entrants. The constant threat of entry
ensures that the market remains dynamic, fostering innovation and efficiency among firms.

This completes the proof. [

Proposition 2. A policymaker that is only concerned about reducing the income

inequality in the economy sets the most restrictive entry policy. Accordingly,
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the aggregate productivity of the skill sector is lower than the maximum po-

tential efficiency level that it can reach.

Proof. A policymaker that is solely concerned about reducing the income inequality in
the economy sets weights a = 0. Consequently, he/she assigns zero-weight to total bribes
offered by firms and a weight of 1 on the inverse of skill premium. We call this as “Regime
2: The Inequality-minimizing Regime”. Such a policymaker has the following objective

function

O0u(0) = (1 —a) - w; ' (0). (106)

The first-order and second-order derivatives of this objective function, with respect to 6, are

given by
00,,(0) Ow; 1 (0)
g~ ma g <0
and
020 4,,(0) B w1 (0)

respectively. The first-order derivative indicates that the objective function ©,,(#) is de-
creasing in #. The second-order derivative being positive confirms that ©,,(f) is a convex
function. Therefore, to minimize ©,,(f), the policymaker sets 6 to its lower bound, 6§ = 0,
which corresponds to the least competitive, or the most restrictive, entry policy. In this
scenario, the incumbent firms do not face the pressure to innovate to avoid displacement by
new entrants.

The absence of entry threat, that is, # = 0, allows the incumbent firms to maintain their
market positions without the pressure to continuously innovate. This leads to a more stable
but less competitive market environment, leading to lower aggregate productivity growth
in the skilled sector. However, the reduction in competitiveness also results in lower wage
inequality, as measured by the skill premium, w. Since the inverse of the skill premium is a
decreasing and convex function of 6, a lower # results in a higher inverse of skill premium,
implying that wage inequality declines. Hence, by setting 8 = 0, the policymaker successfully
reduces income inequality in the economy, achieving the desired objective.

When the entry policy is set to 8 = 0, the aggregate productivity in the skill sector is
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obtained by substituting for § = 0 in Equation (87). This yields®

o _ﬁ*;ls,t 1+’)/ N 1 1-|—f}/
Aal0 = 0) = = 1+0+(1—0)[W} F= ) Ao+ -0 5T,
which can be simplified to
B*Ast ]- +/7 n 1 +’y
A (0 =0) = t 1 1—089A, ,—
A, 3y +1 1 A | (372 + 1) +2(1 — 5*)(1
gl 2 2 2y
which is further simplified to
AS 0 — O 1 * *
2al0=0 _ Lg302 1) 1201 - g1 +7)]. (107)
As,t 47

Equation (107) gives the aggregate productivity in the skill sector relative to the frontier
technology in the skill sector, when # = 0. This provides a measure of how far the overall
productivity is to the maximum achievable productivity. Note that the right-hand side of
Equation (107) is linear in terms of 8*. Further, note that,

and
lim — [ B (3y2 4 1)+ 20— B)(1+4)| = S+ -1 <1
B+ 1 42 7 L R

Therefore, for v > 1 and 0 < f* < 1, the right-hand side of Equation (107) will always be
less than one. This shows that when the policymaker sets the entry policy as § = 0, the
aggregate productivity of the skill sector is lower than the maximum potential efficiency level

that it can reach, which is captured as

As,t(e - 0)
s,t

_ 1. 1
I < (108)

This completes the proof. [

8Note that when 6 = 0, if ¢; ; = & then Equation (48) does not hold by virtue of Assumption 2. In such
a case, lg = 0 and 1y = 1. On the other hand, if ¢;; = 0, then Equation (48) will hold. In such a case,
lg =1 and 1y = 0. Since ez ante the probability for either scenarios is %, the term |1-1g + % . 1\1,} will be

equal to [1(0+1) + 5(1+0)] = 5.
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Proposition 3. If the policymaker is office-motivated, the aggregate productiv-
ity its greater than the aggregate productivity in the “Inequality-minimizing
Regime”, provided the effective labor employed in the skilled sector is greater

than or equal to the effective labor employed in the unskilled sector.

Proof. We recognize that an “Office-Motivated” policymaker would not only require
votes to remain in office (and therefore dislikes wage inequality) but also needs campaign
contributions to contest elections. Therefore, he/she would assign equal weights to both
total bribes offered by incumbent firms and also to the inverse of the skill premium. We call
this as “Regime 3: The Office-motivated Regime”. The objective function of such a
policymaker is given by Equation (101) with a = 0.5, which we term as ©,,,. The first-order

derivative of the policymaker’s objective function, with respect to the firm entry policy, 6,

is given by
00 o (6 0By (0 ()
Oom(6) _ 5. 9BUO) | 5 I (0) (109)
00 00 00
— ——
>0 <0
From Equation (74), we know that 8%;9(9) > 0, and from Equation (98), we know that

dw; 1 ()

o~ < 0. Therefore, the overall sign of Equation (104) is ambiguous.

The second-order derivative of the policymaker’s objective function is given by

020 ,,,(0) 02 By(0) 0w ()
— =05 —+ 05 ——. 110
962 902 " 920 (110)
—— ——
=0 >0
From Equation (75), we know that % = 0, and from Equation (99), we know that
82“2;;;(9) > 0. Therefore, the overall sign of Equation (110) is positive. This shows that the

objective function of such a policymaker is convex. The policymaker will set # to maximize

©(#), which involves solving for § where %y) = 0. This is given by

0:5 a0 06

=0,

which can also be written as

0w (6) __OB0)

00 00

Substituting for awg_;(a) from Equation (98), we can write the above euqation as
-1 1—p
200 1 L —(p+1) O0A;.(0) 0B, (0)
1—a)aia-—| [Z2|  [A]°| = p[As.(0)] Y 2o} = 111
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which simplifies to

Autl0=Om) _ 211 4 128 [ 21— F) - (y+1) 5
Ay, siloAd 78 [y + 1] 4201 - B[22 = (14 7)]
. [(1 _ a)2a s %]H [(g:—)zpplu (112)

[Refer to Appendiz 1 for a detailed derivation.]

The policymaker who assigns non-zero and equal weights to bribes and the inverse of
skill premium, sets an entry policy, 6, that satisfies Equation (112). Thus, the optimal entry
policy, 6, balances the effects of bribes and the inverse of the skill premium based with equal
weights on both. The optimal entry policy, # is also a function of the frontier productivity,
flsyt, elasticity of substitution between skilled and unskilled labor, «, steady-state fraction
of advanced firms, §*, growth rate of the technological frontier, ~, the skilled labor, L, the
unskilled labor, L,, the productivity of unskilled labor, A,, the preference for the skilled
good, n, and the substitution factor between the skilled and unskilled good, p.

In Proposition 1, it was shown that in Regime 1, the aggregate productivity of the
skilled sector is at the frontier. In Proposition 2, it was shown that in Regime 2, the
aggregate productivity of the skilled sector is below the frontier. We now compare the

relative productivities in Regimes 2 and 3. We calculate the ratio

AS,t(*e - 0) : As,t(e*: 90m> — Ast<9 = O) : Ast(9 = eom)a (113)
As,t Ast ’ 7

)

st(@ 0) .
As,

L‘%m) is given by Equation (112). If this

where is given by Equation (107) and
ratio is less than 1, then the aggregate product1v1ty under Regime 3 is greater than that
in Regime 2. This result has consequences on growth and income inequality, which we will
discuss in Section 9.

We now analyze the condition under which the aggregate productivity in the “Office-
Motivated” Regime is higher than the aggregate productivity in the “Inequality-minimizing”
Regime by analyzing the ratio in Equation (113). For the given parametric restrictions, if

1-
[Ls}i N [L.] : (114)
[As,t:| ’ [PAU]
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then,

A = A =
60 =0) _ Ass(0 =Oom) __ A (0= 0) < Ay (0 = O,). (115)
As,t As,t 7 ’

[See Appendiz 2 for a detailed derivation of this condition.

Equation (114) gives the sufficient condition when aggregate productivity is higher in the
“Office-Motivated” Regime, vis-d-vis the “Inequality-minimizing” Regime. Equation (114)
implies that the effective labor employed in the skilled sector must be greater than or equal
to the effective labor employed in the unskilled sector. This sufficient condition essentially
requires a balanced relationship between the productivity and labor force in the skilled and
unskilled sectors.

If the left-hand side of Equation (114) is greater than the right-hand side, it implies that
the skilled sector, when accounted for its labor force and the frontier productivity, dominates
the unskilled sector. In such a scenario, an office-motivated policymaker—who assigns equal
weight to growth (wvia bribes) and inequality reduction—has the incentive to allow more entry.
This entry drives aggregate productivity relative to the “Inequality-minimizing” Regime,
which restricts entry to minimize inequality.

The second part of Equation (115) reveals
As1(0 =0) < A 1(0 = O,p).

This suggests that a policymaker who optimizes entry policies with office-motivated incen-
tives can significantly enhance aggregate productivity in the skilled sector, provided that the
skilled sector is relatively more effective, that is to say, Equation (114) holds. This completes
the proof of Proposition 3. [

It has been shown in Appendix 2 that if the sufficient condition given by Equation (114)
is not met, then it would not be analytically possible to rank the aggregate productivities of
Regime 2 and Regime 3°.

This completes the section on the determination of firm entry policy by the policymaker.

We summarize the results of this section in Table 2.

9In such a scenario, one may resort to a simulation exercise to determine the relative ranking of produc-

tivities across regimes.
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Regime Firm Entry | Aggregate Productivity
Policy (0) relative to the Frontier
Bribe-maximizing 0=1 As’g(gle) =1
Inequality-minimizing | § = 0 %ﬂzo) <1
Office-motivated 0 = 0oy satisfy- Asfg(jt: 9 < As’t(g: fOM)
ing Eq. (112)

Table 2: Results of the Policymaker’s Maximization Exercise in the Three Regimes.

9 Main Results

We now proceed to present the main results of our paper. Recall from Table 1 that GDP
and the aggregate productivity of the skilled sector, A,;, have a linear relationship. On the

other hand, the inverse of skill premium, w™!

, and the aggregate productivity of the skilled
sector, A,;, have an inverse relationship. We present our main results as the following two

propositions.

Proposition 4. The Gross Domestic Product and the income inequality in the
economy are lower in the “Inequality-minimizing” Regime vis-a-vis the “Office-
motivated” Regime if the effective labor employed in the skilled sector is greater

than or equal to the effective labor employed in the unskilled sector.
Proof. From Equation (31), the GDP of the economy can be expressed as
a 1
Gt = PuAuLu,t + Q%Ls’tAsﬂg |:— — ]_i| .
!

This expression shows that GDP is a linear function of the aggregate productivity in the
skilled sector, As;. Thus, any factor influencing A, , directly affects GDP.

From Equation (38), the skill premium, w;, which captures income inequality, is given by

P Lu
L,

Since w; is directly proportional to A,;, higher aggregate productivity in the skilled sector

1-p
ap 1
n

As,t

Ay

leads to greater income inequality, as it increases the returns to skilled labor relative to

unskilled labor.
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From Proposition 3, we know that if the sufficient condition, given by Equation (114),
holds true, then the aggregate productivity of the skill sector in the “Inequality-minimizing”
Regime is lower than the aggregate productivity in the “Office-motivated” Regime.

Thus, given that GDP is linearly related to As; and skill premium (and thus inequality)
is directly proportional to Ay, it follows that both GDP and income inequality are lower in
the “Inequality-minimizing” Regime than in the “Office-motivated” Regime, provided that
the effective labor in the skilled sector is greater than or equal to that in the unskilled sector.
This condition ensures that the skilled sector’s productivity gains play a dominant role in
determining GDP and inequality outcomes.

Intuitively, in the “Inequality-minimizing” Regime, the policymaker’s primary objective is
to minimize inequality, which leads to restricted entry into the skilled sector. Since entry fuels
innovation and pushes firms toward the technological frontier, limiting entry results in lower
aggregate productivity, A, in the skilled sector. Lower A, reduces GDP as fewer skilled
sector innovations materialize. Simultaneously, income inequality falls because the returns
to skilled labor (reflected by the skill premium) decline when productivity improvements in
the skilled sector are curtailed.

The balance between skilled labor supply and sectoral productivity frontiers determines
the severity of the growth-inequality trade-off. The condition

L) [
(4] [pAu]”

provides crucial insights in this context. If the skilled sector’s adjusted effective labor supply
(left-hand side) dominates the unskilled sector’s contribution (right-hand side), skilled sector
productivity becomes the key driver of GDP and income inequality. In this scenario, restrict-
ing entry (as in the “Inequality-minimizing” Regime) significantly reduces GDP (due to lower
skilled sector productivity) but also reduces inequality (by lowering the skill premium). Con-
versely, when the unskilled sector’s adjusted contribution dominates, entry restrictions have
a lesser impact on GDP and inequality because the skilled sector’s influence on the overall
economy is weaker.

In the “Office-motivated” Regime, the policymaker balances rent extraction (through

bribes) with inequality concerns. This results in a moderate level of entry, boosting produc-
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tivity and GDP, but also widening inequality as the skill premium rises.

Proposition 5. In the “Bribe-maximizing” Regime, the Gross Domestic Product
in the economy is the highest, and the income inequality in the economy is also

the highest.

Proof. Once again, from Equation (31), we know
1ta 1
Gt = PuAuLu,t + i« Ls,tAs,t |:— — 1:| .
a

which reveals the linear relationship between GDP and the aggregate productivity in the
skilled sector, A,;. Thus, the maximum GDP occurs when A, attains its highest possible
level.

From Equation (38), the skill premium wy, which captures income inequality, is given by

p L. 1-p
L, '

Since wy is directly proportional to A, income inequality also increases with higher skilled

2ap

As
we=(1—a)at-— - —=t

Ay

1
n

sector productivity. (Alternatively, Equation (97) shows that the inverse of skill premium,
which is a measure of income equality in the economy, is inversely proportional to the
aggregate productivity in the skilled sector.)

From Proposition 1, we know that in the “Bribe-maximizing” Regime, the aggregate pro-
ductivity, As¢, reaches the technological frontier, /_lw, which represents the highest achiev-
able productivity in the skilled sector. Hence, given that GDP is linearly increasing in A,
and income inequality (wvia the skill premium) is also increasing in A, it follows that in
the “Bribe-maximizing” Regime, where A,; = A,;, GDP is at its maximum, and income
inequality is also at its highest.

Intuitively, the “Bribe-maximizing” Regime represents a scenario where the policymaker’s
sole objective is to maximize bribe extraction, which is positively correlated with the entry
probability, #. This incentivizes the policymaker to allow unrestricted entry, fostering a high
level of competition among firms. Unrestricted entry pushes firms to continuously innovate
to maintain their market positions, propelling the aggregate productivity, As;, to the tech-

nological frontier, A, ;. As GDP depends linearly on A, ;, achieving the frontier translates to
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the maximum possible GDP. The skill premium rises as skilled sector productivity improves,
increasing wage disparities between skilled and unskilled labor. In a frontier productivity

environment, returns to skill are maximized, leading to greater income inequality.

10 Conclusion

This paper developed a comprehensive analytical framework to examine how firm entry poli-
cies, innovation incentives, and rent-seeking behavior interact within a dual-sector economy
characterized by skilled and unskilled labor. The model explored how incumbent firms re-
spond to entry threats and how these responses, shaped by innovation costs and rent-seeking,
influence productivity, growth, and income inequality. Central to the analysis was the role
of a policymaker balancing conflicting objectives—maximizing bribes from rent-seeking in-
cumbents while minimizing income inequality.

The core contribution of this paper lies in its extension of traditional Schumpeterian
growth models by endogenizing institutional constraints through income inequality. Unlike
existing literature that treats institutional factors such as democracy as exogenous, this
paper shows that income inequality itself can serve as a powerful institutional constraint.
When wage inequality—captured by the skill premium—rises, it becomes politically costly
for policymakers to accept bribes from backward firms seeking to restrict entry. Thus,
inequality dynamics shape entry policies and long-term growth trajectories.

Several key findings emerge with significant implications for theory and policy. First, en-
try threats serve as a crucial driver of innovation, especially among advanced firms operating
at the technological frontier. High entry probabilities incentivize these firms to innovate and
maintain their competitive edge, boosting productivity and growth. However, this growth
comes at the cost of increased income inequality, as innovation in the skilled sector raises
the skill premium. Conversely, low entry threats weaken innovation incentives, leading to
stagnation. This underscores a fundamental trade-off between growth and inequality, where
innovation-driven policies may inadvertently widen income disparities.

Second, rent-seeking behavior by backward firms distorts market competition. Unlike

advanced firms that innovate under entry threats, backward firms—facing higher innovation
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costs—prefer to bribe policymakers to deter competition. This behavior results in suboptimal
innovation and lowers aggregate productivity. The presence of an unskilled sector amplifies
these distortions, as higher skill premiums make it politically costly for policymakers to
ignore inequality concerns. This interplay reveals how institutional weaknesses can trap
economies in low-growth equilibria with persistent income disparities.

Third, the introduction of three policymaker regimes— “Bribe-maximizing”, “Inequality-
minimizing”, and “Office-Motivated”—provides a nuanced understanding of how institu-
tional preferences shape growth-inequality outcomes. In the “Bribe-maximizing” Regime,
where bribe maximization dominates, growth proceeds unchecked at the cost of rising in-
equality. The “Inequality-minimizing” Regime prioritizes reducing inequality but sacrifices
innovation and long-term growth. The “Office-Motivated” Regime, the most realistic sce-
nario, balances bribes with electoral incentives tied to inequality, promoting sustainable
growth while keeping inequality within politically acceptable bounds. This regime high-
lights the role of political incentives in shaping economic trajectories.

These results have important policy implications. Policymakers must carefully navigate
the growth-inequality trade-off when designing firm entry policies. Policies that encourage
entry threats can spur innovation and growth but may exacerbate inequality. Conversely,
policies aimed at reducing inequality by restricting entry may stifle innovation and slow
progress. The optimal policy lies in striking a balance—promoting innovation while ensuring
that the benefits of growth are broadly shared.

The paper also underscores the broader economic consequences of rent-seeking and entry
regulation. Limiting the influence of firms on policymaking through institutional reforms
could reduce distortions, promote inclusive growth, and lower income inequality. Strength-
ening democratic institutions and enhancing the absorptive capacity of backward sectors are
essential strategies in this regard.

While the model provides a robust framework for understanding the interplay between
innovation, growth, and inequality, it also suggests avenues for future research. One potential
extension involves relaxing the assumption of a constant labor composition. Incorporating
skill acquisition dynamics would allow a more comprehensive analysis of how labor market

transitions influence growth-inequality trade-offs. For instance, enabling unskilled workers
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to invest in education and transition into the skilled sector could reduce the skill premium
and mitigate inequality while sustaining growth.

Additionally, the assumption that potential entrants always operate at the technological
frontier could be relaxed. Considering entrants with varying levels of technological sophis-
tication would capture the diverse nature of market entry in real-world economies, where
entrants differ in innovation capabilities and competitive impact.

In conclusion, this paper provides a unified framework that bridges the Schumpeterian
growth literature with political economy perspectives by endogenizing institutional con-
straints through income inequality dynamics. The model’s insights—highlighting the trade-
offs between innovation-driven growth, income inequality, and institutional behavior—offer
valuable guidance for policymakers seeking to promote inclusive and sustainable develop-
ment. By emphasizing balanced entry policies and institutional reforms, this paper lays the

groundwork for future research on these complex interdependencies.
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Appendices

Appendix 1: Aggregate productivity of the skilled sector relative

to the frontier productivity in the “office-motivated” regime

Consider Equation (111)

~1
20p 1 Ly —(p+1) 0A4(0) 0By(0)
1-— T-a . — — A" = plAs ()] ’ =—
which upon multiplying both sides by (—1), can be re-written as
—1 1-p
20p 1 L 0 —(p+1) aAs,t(e) 0B,(0)
[(1 —ajarme - [L_u [Au]" | p[Asa(9)] o0 | 00
and by isolating the term A,;(6), this can be written as
_(p+1) BBr (0) 2ap 1 L 1_p
[As t(g)} - pd@ 9A ' (]‘ - Oé)OéE . ==
’ 5,t(0) ’
p(Au)" =5 ) Ls
which can further be simplified to
—1 —1 —(1=p)
9B (6) e vy 1171 ]
As,t(9> = p89 9A. (0 ] : [(1 - O‘)am : _] [_U] )
p(Au> : 39( ) U Ls
which can also be written as
—1 -1 1—p
8375(9) T+p 2ap 1 T+p L T+p
As,t(9> = p80 9A- (0 ] : [(1 - &)am ' _] [_3] :
P(Au> : 39( : U Ly
By substituting for A, ,(#) from Equation (87), we get
B Ay 1 o 1 147
Aual0) = = 1+9+(1—9)[1-1¢+;-1q,} HU= ) A0+ (1-0)5 -~
9B,(6) e T e
5 20p 1 L
P A5 (0 ’
p(Au)" - 86( : [ " “
which can also be written as
*A, 1 - 11
A, () = T TH0+ (1= 0)[U Lo+ = o] | + (1= ) A0 [0+ (1 0) - —
2 g 2 7
P 9BuO) | Tis = o7
Au - d0Bt(0) P N 1 2 Ls P
= ( ) . 8A8€(0) . [(1 — @)a% . —] [L— .
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which can further be written as

*A, 1 o 1 14
A, (0) = A T4+ (1=0)[1-To+ = Ty| | + (1= B) A [0+ (1-0)5 - —
2 g 2
— —1 1—p
0B.(0) | THs [E T
_ 1T |00 200 1 L
= [Au] e |:p] e laAs,t(a)] [(1 - a)al @ - 5 L_u . (116)
6
From equations (74) and (88), we calculate the ratio
05,(6) (1= ") A |5 area (i—l)Ls (7+1>
a9
04,.(0) ,
o B les [1 - [1 g+ 2 1@} +(1—B)A |1 -3 1;7]

which can be simplified to

(1-8") + = L
a0 —
0As:(0) ’
20 w[ﬁ*[1—[1~1¢+§~1w} +2(1—ﬁ*)[1—%'1$_27”

which upon cancelling out like terms in the numerator and the denominator, can be written

o ampfe(e))
20 _

dAs1(0) ‘
+2(1—5*)[1—§-17+—;]

as

90 B*ll_[l.lqﬁ_%.l\p}

In footnote 3, it has been shown that the term [1 clg + % . 1\1,] will be equal to [% (O + %) +
%(1 + 0)} = %Y Substituting this in the above equation, we obtain

_2
9By (0) (1-p)- %5 [ala (é B 1> LSI
0 _

+2(1—5*)[1—§-1j—27]

0As ()
G

which can be simplified to

g 0om) (3o
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which upon factoring out # in the denominator, can be written as

\ B PN & U D e (0 R
oo (153 e (F )L

0As:(0)
o0

Y

37 [’yﬁ* [”y + 1] +2(1-p5%) [272 —(1+ 7)}

and on canceling out 72 in the numerator and denominator, the above equation can be
written as

om0 21=F)-(7+1) o7 (L-1)L,]

s+ 20— 8927 - (14 9)]
Substituting the above in Equation (116), we obtain
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which can be simplified to
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which can be simplified to
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which can be further simplified to
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which can also be written as
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Appendix 2: Sufficient condition when aggregate productivity is
higher in the “office-motivated” regime, vis-a-vis the “only-welfare”
regime

The comparison of the ratio mentioned in Equation (113) is a comparison of the terms

contained in

[ﬁ*(BWQ +1)+2(1 =81 +7)]|, and

TV
Term 1

As,t B 4_72

Aes0 = Oom) _ gr(, 0,1 [ 21— 8- (y+1) m
9Bt [y+1] + 201 - 89297 - (1 + )]
) Tom 2 ’
. [(1 — a)zaw . l] - [ (Ls)" ] Hlp.
1 (L)
) Tem 3 ’

We now analyze each of the terms in the two equations. Consider, first, term1.

[ﬁ*(f%v? +1)+2(1 =) (1+7)

4y
Recall that 0 < * < 1 and v > 1. We evaluate T'erm 1 at the limits of g*.
When g* =1,

1 3v?24+1 3 1
— (372 +1) = =-+-—<1
el e R =
And, when 5* =0
1 1+~
— 201 = <1

Term 1 is a convex combination of these two cases, which implies that Term 1 will always
be less than 1. We next consider T'erm 2:
20 -8 (v +1) *
W ly 1 +20 =822 =1+l
We first evaluate the expression within the parentheses at the limits of g*.

When g* =

21— 1)(y +1) 0

Y(y+1) Y(y+1)
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And, when g* =0,
2(v+1) o 2(y+1) o+ _
2292 - (1+7)] 2[29*-1-9] 22—-7-1

For intermediate values of §* where 0 < §* < 1,

1

1. Consider the numerator: 2(1 — 5*)(y + 1). Since 0 < * < 1, 1 — 8* is positive and
lies between 0 and 1. Thus, 2(1 — 5*)(y + 1) is positive and lies between 0 and 2(y + 1).

2. Consider the denominator: y3*(y + 1) + 2(1 — 8*)[29* — (1 +7)]. Since 0 < 3* <
1, the term y8*(y + 1) is positive and lies between 0 and ~(y + 1), and the term 2(1 —
B*)[2v* — (1 4+ 7)] is positive and lies between 2[27? — (1 + )] and 0.

Combining these, the denominator lies between v(y+ 1) and 2[27y* — (1 ++)]. Therefore,

since the expression is equal to 0 when §* = 1, equal to 2727;171 < 1 when * = 0, and for

intermediate values of 5*, the expression within the parentheses lies between 0 and a positive

number less than 1.
2(1 - )y +1) okl
VB (v + 1) +2(1 =B[22 = (14+7)] 292 =y -1

Since the term inside the parentheses is positive and less than 1 for 0 < * < 1 and

0< 1

~v > 1, raising this fraction to the power ﬁlp (where 0 < p < 1) results in a value greater

than 1. Therefore, for 0 < * <1, v > 1, and 0 < p < 1, the Term 2 is greater than 1.

We next consider Term 3: »
=L
1+a(2p+1) 1] M

[(1—(1) aﬁ.ﬁ

Recall that 0 < o < 1 and n > 1. With these conditions, the expression with the parentheses
is positive and less than one. Therefore, being raised to a negative power makes the entire
expression greater than 1. Therefore, term3 is greater than 1 for the given parametric

restrictions.

. AS 6=0 As 0:90m
Therefore, a comparison between £0=0) apnq Aetl0

)
T
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_ o (L) |
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On dividing both sides by Term 2 x T'erm 3, we obtain
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The left-hand side of the above ratio is less than 1. If the right-hand side of the above ratio

is greater than or equal to 1, then our original comparison results in

As,t(ﬁ — 0) < As,t<e — 00m>
As,t As,t

On the other hand, if the right-hand side is also less than 1, then we cannot rank the relative

As +(0=0) and As 1 (0=00m)

productivities, =7 - Y

Accordingly, for

As,t(ﬁ — 0) < As,t<9 — 00m>
As,t As,t ,
we need to have )
- (L))" |
pnl = g5 2

which can also be written as

1
P N _
[pAu] e [ (LS) ] > As,t7

()™
and on raising the power by 1 4 p on both sides, we obtain
L,)" R
Au P ( S > As JFP7
o [ >

which can be re-written as

If the above condition holds, then,

As,t(_e == O) < As,t(e_: eom) — Ast(e — O) < Ast(e = gom)
A&t As,t 7 7

which is Equation (112) in our model.
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