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Abstract

In imperfectly competitive markets, a producer-employer firm can be considered monopolist-monopsonist,
facing downward sloping residual demand for product and upward sloping residual supply for labour. Firms
can thereby exercise both product price markup and wage markdown powers. To study market outcomes
in this setting, we define a Joint Oligopoly-Oligopsony Model — an extended Cournot oligopoly model with
imperfectly competitive labour market — and investigate its welfare implications. We show that wage markdown
power affects both firms’ input mix — driving substitution of labour with non-labour variable inputs — and
the scales of inputs (including employment) and output. By introducing Worker Surplus into our welfare
analysis, our model clarifies the potentially efficiency-enhancing function of labour union and minimum wage
regulation, aimed at curbing oligopsony wage markdown power. Furthermore, we show that competition
policy and minimum wage regulation are complements, not substitutes: a lax merger control, which permits
consolidation of market structure, can weaken worker power by way of reducing efficient minimum wage, as
well as employment. Finally, we investigate the effects of “superstar firms” on market outcomes, allowing the
superior efficiency of superstar firms to be a common cause of market concentration and pricing power. Our
theory explains the rise of average labour productivity, the fall of labour income share and wage stagnation at
industry level. It also shows that the superstar firm phenomenon produces an ambiguous welfare effect once
worker welfare is taken into consideration.
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1 Introduction

The last four decades have witnessed a “tectonic drift” in the income distribution between labour and capital in
most developed market economies, characterised by three naturally interwoven trends: (i) rising firms’ pricing
powers and profit margins (De Loecker et al, 2020); (ii) a decrease in the labour share of income (Elsby et al,
2013, Karabarbounis and Neiman, 2014, and Autor et al, 2020); and (4ii) wage stagnation, associated with a
weakening of the connection between labour productivity growth and real increases in hourly compensation.!

Economists have put forward alternative, not mutually exclusive, explanations for the origins of these trends.
Some economists postulate that they are the outcome of an increase in competition, stemming from technological
change and globalisation, which has favoured the rise of “superstar firms”, a term coined by Autor et al (2020)
to describe firms with superior efficiency that have above-average markups and below-average labour income
shares.? These firms’ large and growing product market shares and markup power can arguably have some merit
in that they better serve consumers than their rivals. However, when producer-employer firms have product price
markup power, standard oligopoly theories predict that the wage rate should equal the marginal revenue product
of labour, i.e., the marginal product of labour multiplying the marginal revenue of output, which is below the
product price. Accordingly, if the marginal product of labour increases in tandem with a rise of markup power,
as postulated by the superstar firms hypothesis, wage growth can indeed trail behind the growth of marginal
product of labour.

Other economists attribute rising concentration and profit margins to the weakening of antitrust enforcement
in the product market which lessens competition, and enhances firms’ pricing power, as well as exclusionary
power, that results in persistent super-normal profits (Furman and Orszag, 2018, Barkai, 2020, Gutiérrez and
Philippon, 2017, Shapiro, 2019).* Relatedly, Azar and Vives (2021) argue that firms’ raising pricing power is
driven by the increase of common ownership (in the form of pension, mutual and index funds) as this facilitates
internalisation of rival firms’ profitability, similar to collusion.

Another line of research has looked at changes in the labour market as possible causes of these trends. Notably,
the weakening of unionisation and workers’ collective wage bargaining power in the US over the last decades can be

responsible for wage stagnation. As noted by Stansbury and Summers (2020), “a decline in worker power results

L Although the term wage stagnation often means a lack of growth in real wage rate (e.g., Acemoglu and Autor, 2011), it more
specifically refers to the phenomenon that the growth rate of real wage falls below the potential indicated by the growth rate of
labour productivity (see, e.g., Mishel, 2012; Bivens and Mishel, 2015). ILO and OECD (2015) went even further to suggest a causal
connection: “A falling labour share often reflects more rapid growth in labour productivity than in average labour compensation,
and an increase in returns to capital relative to labour.”

2The superstar firm explanation is supported by De Loecker et al (2020), who find that the rises of average pricing power and
profit margin in a sector were driven by a small number of superstar firms, while sector medians saw no rises.

The “superstar firm” hypothesis highlights the dispersion of firms’ technical efficiencies within the same industries, and links the
original causes of the efficiency differentials to efficiency-enhancing innovations and investments, particularly in intangible assets.

3Theoretical research also points out that consolidation of market structure may reduce investments and forestall innovation (see
Motta and Tarantino, 2007).



in a redistribution of economic rents from labor to capital owners”. This “declining worker power” hypothesis
views worker power as a mechanism to redistribute economic rents created by markup power, with a potential
negative impact on employment.? An alternative perspective on the role of the union is offered by the reviving
and fast-growing literature on labour market monopsony power (see Manning, 2003, 2011 and 2020).° Starting
from the premise that one source of economic rent is the “markdown” of wages below the marginal revenue
product of labour by employers, the monopsony theory rationalises trade unions and minimum wage as not
only a redistributive force, but also a potentially efficiency-enhancing allocative mechanism to curb employers’
efficiency-reducing wage markdown power.’

The nature, cause and effect of wage markdown power are not merely of theoretical curiosity. Empirically,
there has been a long-standing body of evidence that, contrary to the standard view of perfectly competitive
labour markets, the labour supply functions faced by individual firms are less than perfectly elastic (Boal and
Ransom, 1997, Ashenfelter et al, 2010, Manning, 2011). Recent cross-industry studies have also shown that firms
operating in more concentrated markets exercise more wage markdown power, to the detriment of workers in
terms of suppressed or stagnating wages (Azar, Marinescu and Steinbaum, 2019; Benmelech et al, 2018).” In-
depth industry-specific studies have also taken off, with the aim to trace the root causes of wage markdown power
to economic primitives, such as imperfectly elastic market-level or firm-level labour supply function (Azar, Berry
and Marinescu 2019, Kroft et al, 2021). In two of the first empirical works that investigate both the price markup
and wage markdown powers using micro panel data, Tortarolo and Zarate (2018), and Mertens (2021) show that
both the product and labour markets exhibit imperfect competition, thus confirming that it is not sufficient to
confine the empirical and theoretical analyses of market power and economic rent to product markets.®

Concerns about firms’ wage markdown power have also been echoed by policy makers. Recognising the
detriment to workers from weakening of merger control, a 2016 report produced by the Council of Economic
Advisers of the White House highlighted that “antitrust laws apply to reductions in competition for employees

as a result of mergers as readily as they do to reductions in product market competition. Yet few merger

4Note that the “declining worker power” hypothesis relies on the presence, but not an increase of product price markup power
and its economic rent.

5The term “monopsony”, which literally means “sole buyer”, was coined by Joan Robinson (1933). The term is also used loosely
to mean market power of a small number of buyers, although the more precise term should be oligopsony, the term that we decide to
use in this paper, and covers the special case of monopsony.

5In words of Robinson (1933), “[the function of union] in removing exploitation lies not so much in the fact that it improves the
bargaining strength of the workers as in the fact that by means of a ‘common rule’ it reproduces artificially the conditions of perfect
elasticity of supply of labour to individual employers.” Card and Krueger (1995) argued that the negative employment effects of
minimum wage laws, predicted by neoclassical theory of wage determination, are minimal if not non-existent.

"In light of both new and classic work in the field of Industrial Organisation, Berry et al (2019) caution this recent literature
on some of its limitations: “A main difficulty in this area is that most of the existing studies of monopsony and wages ... proceed
to estimate regressions of wages on measures of concentration ... studies like this may provide some interesting descriptions of
concentration and wages, but are not ultimately informative about whether monopsony power has grown and is depressing wages.”
These authors also call for more detailed industry-specific studies to establish the causal relation in imperfect competition in labour
markets.

8De Loecker et al (2020) estimate market power using the production function approach pioneered by Hall (1988). They interpret
the result as a measurement of markup. However, this interpretation is correct only in the absence of monopsony/oligopsony power.



complaints have cited employment monopsony concerns as a reason to challenge a transaction”. Proposals for
merger control reform to rectify this deficiency are emerging (Naidu et al, 2018; Marinescu and Hovenkamp,
2018). Strengthening the labour union and raising the federal minimum wage have also been policy goals of the
current US administration.

This mounting consensus over the need for more vigorous antitrust enforcement that can protect not only
consumers but also workers, as well as the call for strengthening unions and minimum wage regulation, has
created new challenges for economists. Existing models of imperfect competition, including horizontal merger
analysis, are not designed for dealing with the wage markdown power of firms as part of the overall market power.
In addition, the interaction between antitrust enforcement and minimum wage regulation is relatively unknown.’
Given that a firm is both a producer of products, and an employer of workers, its incentives when facing decisions
on output levels, pricing, hiring and wages, depend on both product price markup power and wage markdown
power, beyond each single component. When both forms of market power, as well as minimum wage regulation,
are significant, ignoring any one of these factors may result in systematic error in predicting firm behaviour and
assessing the effects of, e.g., horizontal mergers, decline of worker power, and erosion of real minimum wage.

Given the aforementioned challenges, the aim of this paper is to develop a partial equilibrium analysis that
combines the oligopoly and oligopsony models to produce a holistic understanding of firms’ overall market power,
thus laying the foundation for a rational concerted use of antitrust enforcement and minimum wage regulation.
We call our new analytical framework the Joint Oligopoly-Oligopsony Model with Wage Markdown Power, or
simply JOOM.

The JOOM provides a unifying theoretical framework for the analysis of pricing power, consisting of both
product price markup and wage markdown powers, their welfare effects and implications for competition policy,
innovation policy and labour legislation. JOOM is also useful to guide empirical measurements of pricing powers
in both product and labour markets!?, which are also of policy importance: for example, the pricing power
measured by De Loecker et al (2020) may conflate both markup and markdown powers, and interpreting it as a
measure of markup alone may lead to biased policy implication.

Main Findings. The main novelty of the JOOM framework consists in extending the classical Cournot model
(Cournot 1838), where firms can have control over the product price but not the wages, by introducing the more
general assumption that firms have wage markdown power in the labour market. Starting from this change in
theoretical position, we derive the Cournot-Nash equilibrium and the relations between market structure, market

power, producer surplus, price and wage determination, output and employment, and the welfare implications.

9For example, there are no models that have studied the impact of a horizontal merger on the effectiveness of existing minimum
wage regulation or collective bargaining-determined wage and employment outcomes.

108ee Tortarolo and Zarate (2018) and Mertens (2021) for examples of empirical research aimed at measuring both markup and
markdown powers simultaneously.



At the centre of this conceptual work, we derive the fundamental equations of market power, and extend the
measure of market power from the familiar Lerner index, whose application is restricted to product price markup
power, to the more general index of overall market power, which also includes the wage markdown power.!! We
show that wage markdown power affects both firms’ input mix — driving substitution of labour with non-labour
variable inputs — and the scales of inputs (including employment) and output.

The JOOM framework also opens up and addresses novel normative questions by extending the partial equi-
librium welfare analysis to include Worker Surplus. By introducing and elevating Worker Surplus on a par with
Consumer Surplus as suitable welfare standards, our analysis makes apparent the potentially efficiency-enhancing
function of labour union and minimum wage regulation, aimed at curbing oligopsony wage markdown power.
Furthermore, we show, competition policy and minimum wage regulation are complements, not substitutes: a
lax merger control, which permits consolidation of market structure, can weaken the worker power by way of
reducing efficient minimum wage, as well as employment.

In addition, JOOM is flexible enough to accommodate a market structure with heterogeneous productivity
distribution across firms, which is particularly suitable for studying the effect of superstar firms on market
outcomes. We show that the “superstar firm hypothesis” can explain the rise of average labour productivity, the
fall of labour share and wage stagnation at the industry level. Our analysis reveals that the welfare effects of
the superstar firm phenomenon are ambiguous once we take worker welfare into consideration: while consumers
benefit from lower prices, superstar firms are likely to disbenefit workers by lowering wages or causing wage
stagnation. We therefore warn against the presumption that the superstar firm phenomenon is procompetitive
because of consumer welfare improvement. Only if the dominance of a superstar firm is temporary, followed
by catching up or even leapfrogging of rival firms, thus sustaining long run dynamism in innovation, the rise of
superstar firms will benefit both consumers and workers. In contrast, if the superstar firms can persistently escape
the competitive pressure of rivals by entrenching their dominance through consolidating exclusionary control over
intangible assets, such as IP rights, the benefit to consumers will stagnate, and the worsening of worker welfare
will perpetuate.

Contribution to Literature. We contribute theoretically to the literature on monopsony power — partic-
ularly the wage markdown power — broached by Robinson (1933). With a generic market structure of JOOM
framework, we coin the term “price-taker marginal cost”, upon which we define the “overall market power”, ex-
tending Lerner index to a more general market power index. In these novel terms, we formulate the fundamental
equation of market power, encompassing both product price markup and wage markdown powers. Our game-

theoretic industrial organisation approach to the wage markdown power complements the search-and-matching

HThe wage markdown power component, in turn, is a generalisation of the “rate of exploitation” from the classical monopsony
theory a la Robinson (1933).



model approach commonly used in labour economics, as are surveyed by Manning (2003, 2011). Our extended
partial equilibrium approach to wage markdown power also complements the general equilibrium approach to
the effects of oligopoly power on labour market outcomes, used by Azar and Vives (2021), and De Loecker et al
(2021).

Our theoretical analysis also contributes to the global debate on the causes of the secular fall of labour share of
GDP. Karabarbounis and Neiman (2014) attribute it to substitution of labour with capital, induced by a secular
decline of the prices of capital goods. A necessary condition for this argument is that the elasticity of substitution
between capital and labour must exceed unity. Elsby et al (2013) identify offshoring of the labour-intensive
component of the U.S. supply chain as a leading potential explanation of the decline in the U.S. labour share.!?
Doraszelski and Jaumandreu (2018) also see substitution of labour with non-labour inputs as a key factor, but
propose that the substitution is caused by labour-augmenting (biased) technological change. In contrast to these
aforementioned explanations which do not rely on rise of market power, De Loecker et al (2020) and Autor et al
(2020) both argue that the rise of superstar firms’ product market power are a main cause of the fall of labour
share. The superstar firms theory is particularly appealing because it fits well with the growing evidence based
on micro panel data, featuring substantial within industry dispersion of firms’ productivity, and their persistence
(Bartelsman and Doms, 2000, Syverson, 2011, De Loecker and Syverson, 2021). While labour market plays no
or minimal role in the existing superstar firms theory, Stansbury and Summers (2020) point to the decline of
workers’ collective power as a cause of decline in labour share. JOOM provides a coherent framework to address
all the aspects listed here: labour-capital substitution, rising market powers (including wage markdown power),
and declining worker power. It shows that the rise of superstar firms’ product price markup and wage markdown
power can play important roles in causing the fall of labour share. Particularly, the rising wage markdown power
can play this role through two mechanisms: first, it raises the share of gross profit and hence reduces the labour
share of revenue; second, it induces substitution of labour with non-labour variable inputs. In addition, we show
that the rise of superstar firms can also weaken worker power by way of reducing efficient minimum wage.

Our extended welfare analysis that includes worker surplus also provides theoretical support for the calls for
reform of antitrust enforcement in order to protect labour market competition (between buyers), as exemplified
by CEA (2016), Naidu et al (2018), and Marinescu and Hovenkamp (2018). We propose that a worker welfare
standard should be introduced on a par with the prevalent consumer welfare standard.

The remainder of the paper is organised as follows: Section 2 explains the JOOM framework, derives a
fundamental equation of market power, and explores its implications for input mix (i.e., substitution of labour

with non-labour variable inputs) and scales of inputs and output. Sections 3 and 4 are devoted to the function of

12This view is reminiscent of the capital-labour substitutability hypothesis originated from Hicks (1932) and revived by Karabar-
bounis and Neiman (2014).



trade union and minimum wage in the tradition of Robinson (1933), and to the role of superstar firms, respectively.

Section 5 concludes.

2 The Model

Conventional partial equilibrium analysis of imperfect competition focuses on one market, e.g., the product market
in a Cournot oligopoly model, or the labour market in the classical monopsony model. This paper develops a joint
oligopoly-oligopsony model (JOOM) that studies these two imperfectly competitive markets simultaneously. This
extended partial equilibrium analysis cannot be decomposed into two isolated conventional partial equilibrium
analyses without losing one of its defining characteristics, namely, the interaction of the product pricing power
and wage setting power exercised by each firm.

Consider a pair of input-output markets with a joint oligopoly-oligopsony industry structure, dominated by a
set of independent firms A" = {1,..., N}. Let P (Q) be the downward-sloping demand function in the homogenous
product market, where Q@ = >, s ¢; is the total output, and ¢; is the output of firm i. Each firm uses labour I;
and V other variable inputs x; = (xm);/:l, as well as (sunk) fixed input f; for production. Let the production
function be ¢; = F (x,1;; fi) for each ¢ € N. Let the supply of each variable input v be perfectly competitive,
with constant price p,. Let the supply of labour be characterised by the upward-sloping wage function W (L),
with L = 37, \-l; indicating the total employment of labour. The joint oligopoly-oligopsony industry structure
refers to the product and labour markets.!?

*)V

For each i € NV, the conditional demand functions for labour and other variables are I and x} = (z;),_;,

which are functions of (qi7 (pv);/:1 W, L,i), where L_; = ZjeN\{i} l; is the aggregate employment by all firms
other than 3.!* The conditional demand functions are solutions to cost minimisation problems faced by the firms,
a general treatment of which is given in Appendix A. We treat f;, for i € A/, as exogenous parameters of the
game. The game has the output ¢; and input levels x; and [; as strategic variables, thus featuring a sort of
quantity (or Cournot) competition, as opposed to price competition. Our preference for quantity competition to
price competition is motivated by the fundamental fact that it takes time and effort to fill job vacancies: it is then
more realistic to model each employer as committed to employment quantity/capacity than the prices, which are
dictated by market clearing taking quantity/capacity as given.

Let Q_; = ZjeN\{i} g; denote the aggregate output by all firms other than ¢. Then the profit (or more

13To ensure the generality of the theory, an extension of JOOM to allow oligopsony in other input markets is provided in Appendices
A.1, A2 and B.

MGiven W and L_j;, the residual inverse labour supply function (or wage function) for firm 4 can be defined as W; (I;) =
w (L,Z‘ -+ li).



precisely, the producer surplus'®) of firm i is given by
v
i (¢, Q-iy L—i) = P(Q-i + @:) i = W (L—i + 7)) I} — vamzi- (1)
v=1

When each firm plays its best response in a Nash equilibrium, the first order condition is

14

ol¥ ol¥ ox*.
Plgi+P—W _Llr — WL -3 "p, b =, 2
¢ aqi ' 8qi vzlp aqi 0 ( )

By the standard definition, the marginal revenue for firm 7 is MR; = P + P’q; and its marginal cost is
MC; = Y0y poft + W (L) G + W' (L) Ziiz. I W' =0, i.e., the labour supply is perfectly clastic, then the
firms are price takers on the buyer side of the labour market. We therefore define a novel term — the price taker

marginal cost - MCFT | by

\%4
oz}, oly
PT _ v )
MOPT =Y p, G 4 W (D) 5 3)

v=1

where the relation between marginal cost MC; and MCF7T is given by

MC; = MC{™" + W' (L) gf] I, (4)

MCFT i W' (L) =0,
MC; = ()
> MCPT if W (L) > 0.
Appendix A.2 extends the definition of MCF7 to allow oligopsony markets for other variable inputs.

Accordingly, in the context of JOOM, the familiar Lerner index:

P - MC;
= 6
Pi 2 (6)
can be extended to
P — MC’iPT
Ti = #7 (7)

as a measure of overall market power, while p;, only measures the product price markup power. If the firm is a
price-taker in each input market, then MC; = MCFT, and p; = 7;. However, if W’ > 0 then p, < 7;, which
means p; fails to capture the full extent of market power exercised by firm i.

As will transpire, the overall market power index 7; plays an important role in understanding pricing power

in its entirety. Similarly, its measurement is crucial for empirical research. The following equation, in conjunction

15This is not the net profit because there is no deduction of the sunk fixed cost related to f;. This can also be interpreted as the
Marshaillian quasi-rent. It consists of the fixed cost and net profit.



with Appendix A.3, provides useful theoretical guidance for measuring 7;:

v
P—MCFT
Ti= =1 Cubu — (it (8)
v=1
where (,; = aazj" - and (;; = gff_ # are respectively the conditional demand elasticities of input v and labour
w.r.t. output; ¢,; = p’};—f_’i and ¢, = Vgé’ are respectively input v and labour shares of the firm’s revenue.

Empirically, the revenue shares of some variable inputs, including labour, can often be directly recovered from
firms’ financial data. If the conditional demand elasticities of these variable inputs can be estimated, then 7; can

be recovered according to equation (8).

2.1 Double Marginalisation in JOOM

In this section study the two components of the overall market power in high level abstraction: price markup and

markdown of price-taker marginal cost.

MCPT |

Figure 1: The joint monopoly-monopsony model

For this purpose, it is convenient to use the following related measure of the overall market power:

P



with the one-to-one relation between M P; and 7;:

1

= (10)

The essence of the first order condition (2) is the familiar general equation of firm behaviour: MR; = MC;.
For W/ (L) > 0:
MCFPT < MC; = MR;, (11)

which means the incremental inputs used to produce the marginal unit of output receive payments below the
marginal revenue, reflecting an overall markdown power (against all inputs). Accordingly, we define the overall
markdown as:

McCPT
MD,LE L s
MR;

(12)

which measures the oligopsonist firm’s ability to markdown the price-taker marginal cost M CF7 below its marginal
revenue M R;. This is the second source of a joint oligopolist-oligopsonist market power.

The familiar notion of markup (MU) is defined by MU, = %. The following equations:

P P MC; MC; MR;
MP; = = =MUj——s+ = MU;———5~=
mePT = e, aerr — MUigperr = MUigrerr
imply
MU;
MP; = . 1
MD,; (13)

The last equation reveals that a joint oligopolist-oligopsonist firm imposes double marginalisations!® with respect
to product price and price-taker marginal cost: a first marginalisation between price and marginal cost, measured
by the markup MU;, and a second wedge between price-taker marginal cost and marginal cost, measured by
the inverse of overall markdown ﬁ The market power index M P; measures the overall effect of the double
marginalisation.

Figure 1 illustrates the relations among M P;, MU; and M D; with the example of joint monopoly-monopsony
model. Let subscript ,, indicate the monopoly-monopsony equilibrium. Graphically, this equilibrium is de-
termined by the intersection of the marginal revenue (M R) and marginal cost (MC) curves (point B), with

MR, = MC,,. The wedges respectively between the inverse price curve P (Q)) and the marginal revenue curve

MR, and between the marginal cost curve MC and the price-taker marginal cost curve MCFT, are the causes

16The term “double marginalisation” in the joint oligopoly-oligopsony model here has a different sense from the more familiar
meaning in the context of upstream (e.g., a manufacturer) monopoly and downstream (e.g., a retailer) monopoly, where each firm has
a markup over its own marginal cost. In the JOOM context, each single firm makes double marginalisations in the form of respective
markup and markdown with respect to product and input prices.

10



of the markup and overall markdown. The equilibrium product price markup is MU,, = P,,,/MC,,. The overall
markdown is M D,,, = MCET /M R,,,. The market power index is
P,/MC,, MU,

MP,, = P, /M T = = .
/MCr, MCET/MR,,  MD,,

2.2 The Fundamental Equation of Market Power

For firms which are price-takers in all input markets, the Lerner index can be used as a measure of overall market
power. When MC; > MCFT | 7, measures the overall departure of product price and wage rate from the perfectly

competitive levels. Using the first order condition (2), we derive the fundamental equaiton of market power:

P-MCT _ PQq , WLI (0l g\ Wi
P TP Q" W L\dqlr) Pg

and equivalently

P—-MCFT s, sp
.= L2y e 14
T P € + €L CL1¢L1 ( )

where s; = % is the product market share (and equivalently sales share) of firm i; sp; = lf is the labour input
market share (and equivalently labour expenses share) of firm i.
To interpret the economic meaning of this fundamental equation of market power, it is essential to define the

marginal revenue product of labour M RPL; = MRq;% and marginal cost of labour MCp;, = W + W' (L)I?.

Note that the first order conditions of profit maximisation entail both

MR; = MC; (15)
and
MRPL; = MCl,. (16)
It follows that for W’ (L) > 0:
W(L) W(L) W (L) 1

= = = 1 1
MRPL, _ MCp  WH+W/(L) 1+ = (7

which shows that the wage setting power component SCLLl of 7; enables the firm to mark the wage W (L) down

below the marginal revenue product of labour M RPL;, that is, labour is paid less than its marginal contribution

to the firm’s revenue. This is what the notion of exploitation of labour means in classical monopsony theory.

11



Following this tradition, we define the rate of exploitation of labour:

_ MRPL;—W

= 1
XLi W ’ ( 8)

which measures the wage markdown power in terms of the extent to which the wage is below the marginal revenue
product of labour.!” Notably, our definition of rate of exploitation x;, is consistent with the one given by Manning
(2003).

In the Cournot-Nash equilibrium, the solutions to p; and x; have the following elegant and intuitive results:

8i

= 19
pi= (19)
SL;
Xri = . (20)
€L
The fundamental equation (14) thereby implies:
Ti = P + X1iCLiPLi- (21)

Eq. (21) shows that the rate of exploitation of labour x;, is a contributing factor of the overall market power ;.

Conceptually we can simply define the notion of exploitation as the behaviour of the advantaged party
in an exchange relation to take advantage of the inequality of bargaining power against the disadvantaged
party. In the context of joint oligopoly-oligopsony industry with wage markdown power, because the consumers
and workers are respectively of larger numbers and in perfect competition within each group, their bargaining
strength are weaker vis-a-vis the firms for N < oco. In this sense, the Lerner index p, is the rate of exploitation

of the consumers by an oligopolist producer, just like x;, is the rate of exploitation of worker by an oligopsonist

employer. The novel insight here is that x;; = SELL shows the rate of exploitation of labour depends on the market
structure, as indicated by market share sp; € [0, 1], in addition to the labour supply elasticity e;, < co. Market

concentration and market powers are determinants in the theory of exploitation.

2.3 Wage Markdown Power: A Driver for Substituting Labour with Capital

Each profit maximising firm is necessarily a cost minimiser. In general, cost minimisation entails that the technical

rate of substitution between two variable inputs equals the ratio of marginal costs of them. For example, for firm

1TThe notion of “exploitation” was used by Pigou (1924), Hicks (1932) and Robinson (1933) to mean the gap between the marginal
revenue product of labour M RPL; and wage W. Hicks (1932) also applied the notion of “exploitation” to consumers. In that sense,
the Lerner index, which measures product price markup power, can be called the “rate of exploitation of consumers”.

12



1, the technical rate of substitution between input v and labour is:

OF;
- MCy Do Do Do
TRS,p,; = 25t — - _ = = . (22)

When the input markets (including labour market) are all perfectly competitive, cost saving is always efficiency
improving. In the presence of oligopsony buyer power, e.g., in labour market, this is no longer a generally valid

statement. It is worth noting that the rate of exploitation of labour x,; = ‘ZLLl affects the optimal substitution

between labour and variable input v: The larger a firm’s labour market share sy;, the larger its wage markdown
power measured by X, and the stronger its incentive to substitute labour with non-labour variable inputs.
This insight can be sharpened with the example of Cobb-Douglas production function with two variable inputs

and constant returns to scale:

F(.’Ei,li; fz) = Fz (l’l,ll) = Ail';-llilia fOI‘ 7 S ./\[,

where A; is Hicks neutral productivity of firm 4, which depends on the fixed asset f; and does not affect its

technical rate of substitution between input x and labour:

dF,
. a I Dz
TRS.r: = % = L= (23)
o 1o (1+SE—L;)W

Proposition 1 Letting the production function of JOOM be F; (x;,1;) = Aix?lilfo‘ fori e N. The implied ratio
of expenditures of input x and labour is
* e a 1 Q «

Pz
= —SLi = i 24
Wit 1—oz+1—a6L LT g T g (24)

Equation (24) predicts the ratio of expenditures of non-labour variable inputs and labour depends on labour
market share s;; and wage markdown power measured by x;. If there is substantial dispersion in labour

market share sp; among firms in an industry, then equation (24) predicts substantial dispersion of variable input

Pa]
Wir -

expenditure ratio This also provides a novel theoretical explanation and, in turn, a prediction that can
be tested empirically for the dispersion in capital deepening, measured by g% (where the term “capital” includes

non-labour variable inputs).

Equation (24) can also be used to guide empirical measurement of markdown power x;, = SELL’, recoverable

wiz

from firm level data on variable input expenditure ratios and labour market share sz,;.

Having treated the role of wage markdown power in firms’ decision on substituting labour with non-labour
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variable inputs, for the rest of the paper, we abstract from this important issue by assuming labour is the sole
variable input, thus highlighting the effects of markdown power on input and output scales, rather than input
mix. This leads to a simple canonical model satisfying the following conditions: (i) the production function is
F(x;,l;; i) = (ll— for all 4 € N, with input elasticity (;;, = 1. (ii) The elasticities of product demand and labour
supply are constant, with ¢ > 1 and ¢;, € (0,00). Thus we can write P = PyQ ¢ and W (L) = WoLi.

This canonical model simplifies the analysis by (a) abstracting from the issue of substitution between multiple
variable inputs; and by (b) allowing closed form solutions. The assumption € > 1 implies the industry revenue,
denoted by © = PQ = POQI’%, satisfies % > 0, g—g < 0 and limg_,0c © = oo, which means the size of the
market can expand without bound if the price is reduced toward zero. This assumption serves the purpose of
using a single industry to mimic boundless economic growth driven by technological progress. The restriction:
(r; = 1 assumes away the possibility of (;; < 1, i.e., labour demand increases less than proportionally to output
expansion because firm 4 substitutes labour with other variable inputs. An additional related possibility is that
firms that have higher labour market shares and more wage markdown power tend to have smaller values of (;,,

that is, the tendency to substitute labour with non-labour variable inputs increases with labour market share and

wage markdown power. Conditions for these possibilities are studied in Appendix A.3.

2.4 Market Structure, Markdown Power and Scales of Input and Output

In this section, we use the symmetric model with a; = a. This makes each among the N to be a representative firm
of the industry. Heterogeneity in firms’ productivity, a robust stylised fact across most industries, is introduced
in Section 4 when we study superstar firms and their laggard rivals.

PT
For the symmetric model, M% = % and s; = sp; = %7 ¢ =9 = %7 Pi =P Xpi = X, and 7, = T.

Accordingly, the fundamental equation of market power (14) becomes:

WL _ <1 1 VVL) 1 (25)

cTaPo) N

In the absence of real improvement of productivity in terms of reducing a, consolidation of market structure,
say, through horizontal merger, implies a fall of the labour share and an increase of market power, that is
N |= % 1l and 7 7. Formally, these results and their cause through the wage markdown channel are captured

below.

Proposition 2 For the symmetric canonical model, there exists a unique symmetric equilibrium where the labour
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share of revenue (at the firm and industry levels) and the overall market power are respectively given by

WL 1-1%  1-
PQ ~ 1riLl 1 v (26)
tov  ItX
1 1
,_’_7
— € ei :p+X, (27)
N+ T+x
with
11 11
el 28
PN T N (28)
and comparative statics:
P (%) o or 0
X PQ X T OX
= _— ——=<0. 29
oN =V oy N~ oy oN © (29)

A consolidation of the market structure N | increases not only firms’ product price markup power, but also
their wage markdown power, resulting in a decrease of labour share of income, wage stagnation'® and higher
overall market power. These effects can arise from the Cournot model alone. What JOOM adds is that there
exists a second channel: the oligopsony wage markdown power channel, through which market concentration can
cause these effects.

The inequality of bargaining power between the firms and consumers is measured by the equilibrium value

of the Lerner index p = %% and that between the firms and workers is measured by the rate of exploitation

X = %% Hereby, market structure — a measure of the extent to which the ownership of the capital assets of the
industry is divided, independent and competitive — is a determinant of inequalities of bargaining powers in both
product and labour markets. Ultimately, it is against these inequalities that corrective public policy interventions
such as competition policy, trade union law, and minimum wage regulation are justified. A novel insight from
JOOM is that competition policy can play a role in reducing the rate of exploitation of labour: merger control
that reduces % can decrease X.

The symmetric canonical model delivers the following closed-form solutions to market outcomes, which reveal

the effects of consolidation of market structure.

Lemma 3 For the symmetric canonical model, there exists a unique symmetric equilibrium where employment

181t is worth noting that a fall of the labour share ¢ = % is closely related to wage stagnation in that

6= wL W
- PQ  PQ/L’
i.e., labour share of revenue equals the wage to labour productivity ratio, and
dlng dlnW dIn(PQ/L)
d — dt dt ’

where dg;qb, dlgtw and dln(l;Q/L) are the growth rates of ¢, W and PQ/L (average labour productivity). dlné s equivalent

dt
dlnWw _ dIn(PQ/L)
dt dat

to < 0, i.e., the wage growth trailing behind the labour productivity growth.
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L, wage rate W, output Q, price P and industry labour productivity % are:

P &+t (P)TE (Wo)t | 727t P et e 4L T
where Ly = o R e e el IR 0 and Py = ((PO)EL a " cL W0> <

-1 1 (11
o't Wo w78
are the limiting values of L, W, Q and P for N — oc.
Proposition 4 For the symmetric canonical model, there exists a unique symmetric equilibrium where the con-
solidation of market structure causes decreases of output, employment and wage rate through the channel of wage

markdown power, i.e.,
0Q Ox _ OL Ox _ ) OW Ox

aon  Vavan T Vo an o (30)

Proof. See appendix C. m

The effect of market structure on wage rate is what JOOM delivers beyond the Cournot model. In Cournot
model, i.e., imposing €;, = oo, market structure does not affect wage rate. JOOM with €;, < oo shows it can,
through the wage markdown mechanism. Also, through the wage markdown channel, consolidation of market

structure can reduce the scales of input and output further than the product price markup mechanism per se.

Proposition 5 For the symmetric canonical model, there exists a unique symmetric equilibrium where indus-

try average labour productivity PQ/L can be increased by real improvement of marginal product of labour, or

()

ON

consolidation of market structure,

2(PQ/L) _,

% < 0. (31)

Proposition 5 distinguishes two distinct possible causes of increase in labour (revenue) productivity P—LQ. The
first is technological progress that increases efficiency in the form of a | with market concentration (and market
structure) unchanged. The second is consolidation of market structure (say, because of lax merger control) while

keeping a constant. The effects of these causes on income distribution are distinctively different because

o(5) _, 0 (%)

da N 0 (32)

i.e., (symmetrical) technological progress does not reduce labour share of revenue or cause wage stagnation, while
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consolidation of market structure does.

The canonical model has labour as the only variable input. The technological progress represented by a |, is
labour saving. Intuitively, on the one hand, this fact tends to reduce employment, and wage rate because labour
supply is imperfectly elastic. On the other hand, reduced labour cost tends to induce higher output, which then
tends to increase demand for labour. The net effect on employment can, in general, be ambiguous. Here the

assumption: € > 1 does determine the net effects, as is shown below:

Proposition 6 For the symmetric canonical model, there exists a unique symmetric equilibrium where an im-
provement of marginal product of labour, and a consolidation of market structure have the following effects on

market outcomes:

ow oL

E <0, % <0 (33)
and

00 00

% < 0, ﬁ > 0. (34)

These results show that, controlling market structure, technological progress has desirable effects on labour
market outcomes and product market size. The key to these results is that technological progress causes product
market expansion, which then causes increase in demand for labour. These features of the canonical model thus
provide an ideal framework to analyse the effects of rise of superstar firms, as they foster technological progress
(in the form of improvement of marginal product of labour) as well as increase of market concentration. This is

the object of Section 4.

2.5 Welfare Implications of Joint Oligopoly-Oligopsony Power

In the conventional partial equilibrium welfare analysis of market power, the stake holders include only the
consumers and producers, but not the workers because the labour market is assumed to be perfectly competitive
and there is no (non-trivial) worker surplus. This is not the case when the inverse labour supply function is
upward sloping.'® The upward-sloping inverse labour supply function is a measure of the marginal willingness
to accept (WTA), or reservation wage of workers — this is the counterpart of interpreting a downward-sloping
inverse demand function as quantifying the willingness to pay (WTP) or reservation price of consumers. Thus

the worker surplus, WS, as defined by

L
Ws = / (W (L) — W (4)) dy, (35)

9Writing for the Handbook of Labour Economics, Alan Manning (2010) states: “It is increasingly recognized that labor markets
are pervasively imperfectly competitive, that there are rents to the employment relationship for both worker and employer”. This
means, as the author explains, “the loss of the current job makes the worker worse off”.
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measures the gain of workers from their current employment relationship. For the canonical model, with constant

elasticity of labour supply: W (L) = WoLi,

ws = WO/OL(LflLyflL)dy

L
E 1 149
= WO LELy— T YL ]
L+1
_ €L
- 1
;‘f’l

If e, = oo (i.e., labour supply is perfectly elastic), then WS = 0 and consequently AWS = 0. For ¢, < oo,
labour market does matter for partial equilibrium welfare analysis and competition policy.

With the introduction of the worker welfare standard, anticompetitive harm (to workers) in the labour market,
e.g., caused by a horizontal merger, can be defined by the condition: AWS < 0. If AW S > 0 then the merger is
actually procompetitive in the labour market.

Similarly the standard definition of consumer surplus, C'S, is:

Q
CS = / (P(z) — P(Q))dx. (36)
0
For canonical model, with constant elasticity of demand: P (Q) = POQ*%, we have

cs = /OQ (Pox’% _ POQ*%) da

It is clear that the product market price P and total output @), and the labour market wage W and employment
L are the most welfare-relevant variables for defining competitive harms. If an increased market concentration
and market power reduces C'S, then by definition (based on welfare test) it causes consumer harm (ACS < 0)
in the product market. Similarly, if it reduces WS then by definition it causes worker harm in the labour input
market. The indications of these harms can boil down, respectively, to the price effect P T and output reduction
Q@ |, and wage suppression W | and employment reduction L |.

Conventional welfare analysis and antitrust policy have paid a lot attention to the price effect of market
concentration and market power, but little to wage or employment effect. Traditionally, worker welfare has been

the concern of labour and employment laws, relating to unionisation, collective wage bargaining and minimum
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wage regulation, instead of antitrust law. However, the protection of competition on the buyer side of the labour
market is, in principle, as important as protection of competition in the product market in antitrust law. Hereby,
we argue for extending partial equilibrium welfare analysis to include both the product price markup power and
the wage markdown power.

Considering the producer surplus

PS=>"m. (37)

iEN
For the canonical model

PS=PQ-WL=06(1-¢).

The extended notion of total surplus is defined as
TS=CS+PS+WS. (38)

Let T'S, denote the total surplus under perfect competition in all markets.??-2! Then the deadweight loss is given
by
DWL=TS,-TS. (39)

The deadweight loss is a measure of inefficiency of resource allocation caused by the firms’ overall market power.
Intuitively, the deadweight loss includes the welfare losses to the consumers as well as the workers, which are
not compensated by welfare transfers to the producers. The inefficiencies of resource allocation include under-
production and underconsumption of the product, @ < @, and the underemployment of labour in this industry,
L < L,. The labour misallocation implication is absent in the convention partial equilibrium welfare analysis.

We can derive solutions to welfare metrics for the symmetric canonical model as follow:

1
EL+1

WS = WSsparte

11
5

cs = csqs***,
PS = O % o (1-¢),

TS / Pyx~ : _ aWy (ax)<c O ) dz,

DWIL = / Pox t W (az)E )dm,

20The subscript s indicates the perfectly competitive values of the relevant variables.
21When firms are heterogeneous, the corresponding perfect competition equilibrium may not be well defined. This problem, however,
does not affect our main results.
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LWDL#+1 Lp Qli%
where WS, = ELT, CS, = 5_71 and O, = P,Q,.
€L

€

Proposition 7 For the symmetric canonical model, there exists a unique symmetric equilibrium where the welfare

effects of consolidation of market structure are captured by the following comparative statics:

oW S SR 199

oN T LprVen T gy o
YL -1 .

oN T Tyi080TT Gy >0

OPS T 1-N 99

S o 1oN 0

ors . )

N (POQ E*GWO(GQ)%)%>0,

ODWL . )
BN = — (POQ < —alWy (aQ)EL) 87]?[ < 0.

The conventionally-defined total surplus, CT'S = CS + PS, ignores workers surplus W S.

aCTS 11 T RN 96
— = < CSspe"e O« ¢ — <0
ON O v ) T
CS, 1-+ t+24 1
if o. < — %\% : 75 or, equivalently, N > (1 + e) (I+e€r). (40)

That is, conditional on N > (1 + %) (1+ €r,), conventional partial equilibrium welfare analysis could incorrectly
treat consolidation of market structure (without real improvement of productive efficiency in terms of reducing
a) as welfare improving or efficiency enhancing. This shows that the conventional partial equilibrium welfare

analysis of events associated with increasing market concentration could be deeply flawed because of failing to

take into account the wage markdown power.

2.5.1 Joint Monopoly-Monopsony Power: A Simple Illustration

To further illustrate the importance of including the worker surplus as part of the efficiency measurement, let’s

consider the case of N =1 (i.e., the joint monopoly-monopsony model). The price-taker marginal cost is
MCFT(Q) = aW (aQ) .

The extended partial equilibrium analysis is shown in Figure 2. The intersection of the inverse demand curve

P (Q) and the MCFT curve defines the perfectly competitive equilibrium, S, which determines the output Q4 and
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price Ps. Point B is the intersection of M R and MC' curves, which determines the joint monopoly-monopsony

output @, and price P,,. It is evident that

Qm < Qs, Py, > Ps

and implicitly
Lm < LS)W'IYL < WS7

where L,,, Ly, W,, and W are, respectively, the employments and wage rates.

Under perfect competition, the total surplus is T'Ss, represented by the area enclosed by the P (Q) and
MCFPT (Q) curves and the vertical axis, which equals the sum of C'S, and WS (i.e., the area of the shape ESO).
That is,

TS, =CS;+ WS, as PS; = 0.

Under the joint monopoly-monopsony industry structure, the total surplus is T'S,,, represented by the area
enclosed by the P (Q) and MCFT (Q) curves, the vertical axis and the vertical line MABC, which equals the sum

of CS,,, PS,, (area of FMCD) and WS, (area of DCO). Thus

TS, =CSym+ PSy + WSy,

Figure 2: The joint monopoly-monopsony model

The welfare consequence of the monopolisation of the markets includes: (i) a reduction of consumer surplus,
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with the magnitude of ACS equals the area: FMSE, (ii) a reduction of worker surplus, with the magnitude of
AW S equals the area: ESCD, and (iii) an increase of producer surplus, APS, equaling the area: FMCD.

In this illustrative example, there is no increase of productive efficiency. Thus, the gain in producer surplus
is caused by pure transfer of surplus from the consumers and workers to the firm’s owners. Meanwhile, there is

a net welfare loss, i.e., the deadweight loss DW L,,,, equaling the area of the shape: MSC, that is,

DWLy, =TS8; =TS8, > 0.

As a measure of inefficiencies in resource allocation, the deadweight loss DW L,, has two parts: the area of
MSA, which is attributable to the product price markup power and the underproduction and underconsumption
of the product, and the area of ASC, which is attributable to the wage markdown power, and measures the net
efficiency loss caused by job destruction and underemployment of labour in this industry.

This insight can be generalised to JOOM with NV > 1. To the extent that each firm is a monopolist-monopsonist
facing the residual product demand and labour supply functions, these two components of inefficiencies attribut-
able to product price markup and wage down powers are also present.

With the conventional partial equilibrium welfare analysis, worker surplus WS is ignored. Conventionally-

defined total surplus under atomistical and monopoly-monopsony market structure are respectively

CTS, =CSs,

and

It can be shown that

-1\ I+
eter
CTS,, > CTS, if > T (41)

The condition in (41) is satisfied for plausible values of the elasticities, for example € = 1.2 and €y, = 0.5.22 In such

22For example, the estimates by Azar, Berry, and Marinescu (2019) are: market-level labour supply elasticity is about 0.6, while
the firm-level labour supply elasticity is about 5.8. Using the Longitudinal Employer-Household Dynamics (LEHD) data from the
United States Census Bureau, Webber (2015) estimate the average firm-specific elasticity of labour supply at 1.08, far from perfect
competition.
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cases, monopolisation of a previously atomistically competitive market is judged as efficiency enhancing because
monopolisation reduces the average cost of labour and the cost saving dominates the consumer part of the dead
weight loss. However, there is no real improvement of marginal product of labour (1/a). The saving on labour
cost is not a social welfare gain, but a transfer of surplus from workers to the producer. Here the conventional
partial equilibrium welfare analysis is deeply flawed: it omits the loss of worker surplus, and misinterprets part

of the loss as efficiency gain.

3 The Function of Trade Union and Minimum Wage Law

The classical monopsony model pioneered a surprising prediction (or explanation) of the effect of trade union or
minimum wage law, which has been a sharp contrast with the neoclassical theory of wage. Given the fact that the
classical monopsony model is a special case of the JOOM setting, it is natural for us to explore the predictions of
JOOM on the effect of minimum wage regulation more generally.

For the canonical model with production function F (x;,1;; f;) = é—l, MCFT = Wa; and ¢;; = 1, the funda-

mental equation of market power simplifies to:

P—W(L)ai Si SLi
P € €r,

(/j)Li’ (42)

which implies

P(1—3%) g, P Pp(l1—s
W(L)= 1-2) 4 < ( 6):MRPLi.

Qi a; Qi

This extends the insight conveyed by the classical monopsony model that when the employer possesses wage
markdown power, the wage rate is below the marginal revenue product of labour, that is, the worker is not paid
for the full value the worker creates for the firm at the margin. The employer earns the markdown power rent
from this employment relationship.

It has been well known from the classical monopsony model that the minimum wage regulation, targeted at
appropriate level, can increase both wage rate and employment level. We now extend the analysis of the effect of
minimum wage from the classical monopsony model to the JOOM setting. Let the minimum wage be set at the
level of w. This alters the wage function from W to W, satisfying:

- W (L) for L > L,

W (L) = ~ (43)
w for L < Ly,

where L, is a threshold of L satisfying W (Ew) = w. Thus, the wage function W (L) has a kink at the point Ly,
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where the marginal cost of labour faced by firm i: W (L) + W' (L) I; has a discontinuity at the point L,,.

Figure 3 illustrates the intuition for the limiting case of a joint monopoly-monopsony market structure, i.e.,
N =1, within the canonical model. To the extent that each firm in a joint oligopoly-oligopsony industry structure
is like a joint monopolist-monopsonist facing its residual product demand and residual labour supply functions,
the intuition carries over to the JOOM setting readily. The minimum wage regulation alters the price-taker
marginal cost (MCTT) curve: it replaces the OZ section with the horizontal GZ section. The point Z is a kink in
the altered MCFT curve, and it creates the discontinuity in the althered marginal cost (MC) curve, for which the
OX section is replaced with the GZX section. Let the minimum wage be above the joint monopoly-monopsony
wage, i.e., w > Wp,. If the intersection of the M R curve and altered marginal cost curve is at a point like Y on the
discontinuous (vertical) section of the altered M C curve, then it determines the output level @, and the product
price P,. Thus the minimum wage regulation leads to increased output @, > @, lower product price, and
increased employment L,, = W~! (w) > w1 (W) = Ly,. As a result, it increases both consumer surplus and
worker surplus, and also reduces the deadweight loss by the area of MWZC. Furthermore, if the minimum wage
is slightly increased above w, the discontinuous (vertical) section of the altered M C curve will shift to the right,
increasing the output and employment further as well as lowering the price. The minimum wage-employment
relation, however, is not monotone: it has an inverted V shape, which has a peak of the employment linked to the
point V, which is the intersection of the M R and MCFT curves. If the minimum wage rises so that aw is above
the point V, then the intersection of the new MC' curve with the M R curve will be on the horizontal section of

the new MC' curve and to the left of the point of V, implying lower level of employment than point V.

CPT=aW(L)

Figure 3: The joint monopoly-monopsony industry with minimum wage regulation
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Now we treat the generaic market structure with N > 1 firms. Let (¢, )ie  denote a Nash equilibrium

of the canonical JOOM game without the minimum wage regulation. Let Q** =", \,¢;* and L** =3, [

Let (g;**,1;*"),cn denote a Nash equilibrium of the canonical JOOM game with the minimum wage regulation.
Let Q™ =3, ¢ and L™ =37 17

Proposition 8 If there exist a Nash equilibrium of the canonical JOOM game without the minimum wage reg-

ok Tk
i 7li

ulation, denoted by (q )icnrs and a Nash equilibrium of the canonical JOOM game with the minimum wage

regulation, denoted by (q;™*,1;**),cnr» with the binding minimum wage w = W (f/w) satisfying w > W (L**) and

s7* P™ —wa; 87T STE s
<< - 44
€ Pxx € + €L ¢Lza ( )

for all i € N, where the superscript ** indicates the game without the minimum wage requlation, and

L 45
€ P ( )

S

where the superscript *** indicates the game with the minimum wage regulation, then
L*** > L**,Q*** > Q**7 W*** > W**,P*** < P**, (46)

and

WS** > WS™, CS™* > CS**. (47)

Proof. The condition w = W (L,,) > W (L**) implies L,, > L**. Condition (45) implies that in the Nash

*

Equilibrium (g;**,7**), .- each firm’s best response is either a corner solution at W*** = w, as opposed to an
interior solution at W*** = w, or W*** > w, and therefore W*** > w > W (L**) = W**, and L*** > L,, > L**.
The rest of the proof is trivial. m

The above proposition not only extends the aforementioned insight from the classical monopsony model to
the canonical JOOM setting, but also shows that appropriately set minimum wage rate not only can raise the

employment level, the wage rate and worker surplus, but also can increase the output level, lower the product

price and increase consumer surplus. More results about minimum wages are presented in Sections 3.1 and 4.1.1.

3.1 Market Structure and Minimum Wage

For the canonical model, the minimum wage w alters the wage function (i.e., the inverse labour supply function)
to:

W (L) = max (w, WOLi) . (48)
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w

€r
This introduces a kink in the wage function at the point ((m) ,w). If the equilibrium employment is below or

€r
equal to ( i) , the wage is equal to w; otherwise, the equilibrium wage is above w. By Proposition 8, it seems
1t i}VDo th i 1t therwise, th ilibri is ab By P ition 8, it

plausible that an appropriately chosen binding minimum wage can increase equilibrium employment. Denote by

w the minimum wage that maximises the equilibrium employment, which we refer to as the efficient minimum

w

€L
wage. At w, the labour supply is Ly = (Wo) . Firm ¢’s (optimal) demand for labour I; must equate its marginal

revenue product of labour with the binding minimum wage w, i.e.,

<MRPLi:<1—§Q

1
P— =w. (49)
B :

a;

At w the labour market clears, i.e.,

w \ "
Zﬁsz:Qy>~
ieEN 0
Let w™ and w™ respectively denote the infimum and supremum of the sets of minimum wages that are
inf

employment-enhancing relative to the unregulated equilibrium. Obviously w™ equals the unregulated equilibrium

wage rate; the demands for labour at w™ and w*"P should be equal; and

w™ < @ < WP,

For w € (wi“f, w), the demand for labour exceeds the supply, there is shortage of labour at the minimum wage
w. For w € (w,w""P), the supply of labour exceeds the demand, and there is involuntary unemployment. For
w = w there is neither labour shortage nor involuntary unemployment. This is why we refer to w as the efficient
minimum wage.

f

For the symmetric canonical model, we can derive the closed form solutions to w'™, ws' and w for the

. 1—-1L\ &
w“—m<;ﬁ> , (50)

1+6LN

equilibrium. First,

g

+
-

o

where the right hand side of the above equation is the unregulated equilibrium wage rate, which gives an equivalent
definition of w™f.

Second, we solve for w*"P. To do this, we begin by characterising the regulated equilibrium with binding
minimum wage w € (w,w*"P), then relate wP to its boundary case. Because the formulation of equilibrium

outcomes provided by Lemma 3 is general, it can be applied to the regulated equilibrium with binding minimum

wage w € (w,ws"P), if we substitute e;, and Wy with oo and w respectively. This case has a binding minimum
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wage constraint, and perfectly elastic labour supply. Lemma 3 then implies:
Py\* 11)\°
w = - 1——-= )
@ (aw) < eN )
P ¢ 11\°
. 1—-—=1, (51)
a,lféw e N

~
g
I

where the subscript ., indicates binding minimum wage constraint.

For the minimum wage regulation to have an employment enhancing effect, it is necessary that

Py \° 11\ 1—L1L\ G+t
L, = 1—=—) >Lg[ —& ,
g <a11w> ( 6N> 3 (14—;&,

where the right hand side of the above inequality is the unregulated equilibrium employment level. This inequality

is equivalent to:

€L
11\T+2 1 1\I+X2
<wP=Ws|ll—-—=|" " (1+—=)" *, 52
wsw ? ( e N ) ( * er N ) (52)
where the right hand side of “=” gives an equivalent definition of w*'P. Overall, the minimum wage regulation

has an employment enhancing effect relative to the unregulated equilibrium iff

w < w < WP, (53)
This condition is feasible iff
11
——>0. 54
o N (54)

For the symmetric canonical model with N < co and €, < oo, the feasibility condition is satisfied.

Third, we solve for w. Let Lg denote the employment level at w. Because w is the boundary of interval

(w, ws"P), equation (51) must be satisfied, implying;:

Py \°© 11\°
Ly = 1—=-—1 .
(7)) 2

Furthermore, labour market clearing at the point (L, @) implies

w=Wo(Lg) . (56)
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Then equations (55) and (56) jointly determine:

w:vn<1—)f“L, (57)

which also gives an equivalent definition of w. Because w not only maximises employment, but also maximises
output and total surplus, it deserves to be called the “efficient minimum wage”. The results above are summarised

in Proposition 9.

Proposition 9 For the symmetric canonical model with i% > 0, the minimum wage w has an employment

enhancing effect iff

1
<L 1 1
€

111\ T ‘ 11\ Tr e 1 1\ L
W, (1_‘_;1\;) =™ <w < WP =W, (1—€N> E (1+€LN> . (58)
er, N

(i) If w < w™ then the minimum wage constraint is not binding and therefore has no effect on the market
outcome.
(i) If w > w"P then the minimum wage constraint is binding and reduces employment relative to the unregulated

equilibrium outcomes.
1

€

(iii) If w™ < w < w = Ws( — %%) YL then the minimum wage constraint is binding, and the regulated

equilibrium outcomes feature labour shortage, satisfying:

w \*
Wo)

1/ w\*
Qw - a<VV0> )

1/ w\% -7

P, = Po(-(2 :

(2 (%))
DL 00, . OP

o -~ Y "% <0

Ly

(i) If w = w (the efficient minimum wage) the minimum wage constraint is binding, and the regulated equilibrium
outcomes feature maximum employment and labour market clearing.

(v) If w > w then the minimum wage constraint is binding, and the regulated equilibrium outcomes feature
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involuntary unemployment, satisfying:
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Figure 4: Market structure and mimimum wage-employment relation

The minimum wage-employment relationship is depicted by the solid non-monotonic black curve in Figure

inf

inf it is not binding as the equilibrium wage rate stays at w™,

4. When the minimum wage w is below w
and w does not affect the employment level either (see the flat line ending with point U, with U depicting
the unregulated equilibrium). When w is between w'™ and @, the demand for labour exceeds the supply, and
therefore an increase of minimum wage w raises the employment level (see upward-sloping line between points
U and T). For w > w, the supply for labour exceeds the demand and there is involuntary unempolyment, and
therefore increasing the minimum wage further increases involuntary unemployment and reduces employment (see
the downward-sloping line starting from point T). Interestingly, the effects of the minimum wage on employment

depend on the market structure: a consolidation of market structure N |= w'™ |, @ |, this is illustrated by the

solid thin (red) curve, with the kink points U and T shifting to U’ and T’. If w is initially slightly below w™f
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(i.e., between U’ and U) then as N decreases the new equilibrium wage rate and employment level both decline.
If, in contrast, w is initially between w and W, as in point R (with R depicting the regulated equilibrium
corresponding to w), then as N decreases, the equilibrium should shift from R to R’, reducing employment
level. However, it is plausible that a weakening of trade union power or an erosion of real value of minimum
wage rate occurs at the same time as N decreases. Then the new equilibrium can be at point T” instead of R’,
resulting in simultaneous rise of market concentration, fall of wage rate and increase of employment. This last
scenario is not only plausible but also relevant to the current debate about the cause of the secular trends of
rising profitability, falling labour income share, and wage stagnation. Stansbury and Summers (2020) criticise the
hypothesis of rising market concentration for not being able to explain the falling unemployment in the USA. Their
alternative explanation is based on the hypothesis of declining worker power — a result of falling unionisation,
that redistributes rents from labour to capital in a rent-sharing collective bargaining framework. They argue that
the evidence of falling unemployment is not consistent with a rise of monopoly or monopsony power, which is
inclined to decrease employment. Our JOOM is immune to the criticism of Stansbury and Summers (2020): It
allows market concentration to rise and union power to fall simultaneously, and conditional on w < w < Wy, it
is plausible that (N |,w |) = (p Lx 1,771, % 1, L T). Our JOOM theoretic explanation also allows us to see
the function of trade union (and similarly for minimum wage) as protecting the workers from powerful firms’ rent
extraction — those rents belong to worker surplus in perfectly competitive markets. Trade union and minimum
wage law can be employment enhancing relative to the unregulated equilibrium U, even though their effects are
not necessarily employment maximising (i.e., point R is below T).

For €7, < oo, employers have wage markdown power. The consolidation of market structure results in an
increase of employers’ wage markdown power. When the employers’ wage markdown power is restricted by
worker power in the form of the minimum wage constraint, a consolidation of market structure can reduce the
demand for labour and cause involuntary unemployment if the minimum wage is not reduced. It can be argued
that this puts pressure on the collective wage bargaining and can cause a weakening of worker power and result in
lower minimum wage. In contrast, if €;, = oo and Wy = W, then there cannot be wage markdown. In this case,
the consolidation of market structure results in a fall of demand for labour, but not a change in wage rate (see
W in Figure 5). This analysis implies that our call for the inclusion of worker welfare into the welfare standard
of antitrust enforcement remains valid even when there exist trade union, collective wage bargaining or minimum

wage regulation in the labour markets, aimed at curbing oligopsony wage markdown power.
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Figure 5: Market structure and mimimum wage-employment relation with perfectly competitive labour market
(solid curves for € = oo; dashed curves for € < c0)

4 Superstar Firms

So far we have explored the symmetric canonical model within JOOM to study the effects of market concentration.
The simplicity of the representative firm analysis enables us to derive many closed form results. This type of
analysis is more useful for the case where exogenous increase of market concentration is the cause of rising pricing
power. There is, however, a drawback: the representative firm approach does not fit the ubiquitous dispersion of
firms’ productivity within industries, and the fact that numerous industries are dominated by highly productive
“superstar” firms.

To study the superstar firms phenomenon, we modify the canonical model with N symmetric firms by assuming
that one of them, firm N, through some successful innovation achieves an improvement of marginal product of

23

labour As a result, the N — 1 rival firms remain symmetric, but firm N has superior marginal product of

labour??.

We can conveniently formulate the improvement in terms of labour input reduction rate vy € [0, 1],
defined as follows:

y=1-

ISHSH

; (59)

23For the canonical model with a single variable input, this is the same as an improvement of total factor productivity of equal
magnitude.

24The simple canonical model we work with does not allow an exploration of changes in marginal products of other variable inputs.
In a companion paper, Tong and Ornaghi (2020) use a tractable setting with linear demand and supply functions and Leontief
production function to overcome this limitation.
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where @ is the reduced labour input per unit of output of firm N. As an implication

a=a(l—7).

A main cause of productivity improvement is division of tasks and the automation of some tasks previously
undertaken by physical and mental labour, taken over by powered machineries, robotics and computer systems.
All these cause labour saving per unit of output.?’ Superstar firms are typically the leaders in adopting these
technological changes, in which they invest an endogenous large amount of their revenues, as measured by sunk
fixed cost to sales ratios. In our static analysis®®, we take v as predetermined, therefore treat it as common cause

for changes in market concentration and pricing power in the joint oligopoly-oligopsony industry.

4.1 JOOM with a Superstar Firm

Let y stand respectively for a;, ¢;, l;, si, Svi, ¢;, Ti, p; of a representative non-superstar firm, and ¢ denotes the

superstar firm’s counterpart of variable y. Note that

qg = 35Q,
R g(l—g)aQ.

The fundamental equation of market power for “non-superstar” firms is given by

P—aW s s a@ aW
—_— = —_— . 60
P e+eL L P (60)

T

For the superstar firm, it is

P—(1=7)alV _3 5 (1=%)0Q(1—)aW
P T e e L P '

>
Il
|
—~
(=}
=
S~—

By definition, the following identity of market shares holds:

S+(N-1)s=1.

25This line of argument is also consistent with the case where there is substitution of labour with non-labour variable input in
general, and outsourcing in particular. Automation and computerisation can play an important role in better managing and improving
such substitution, and outsourcing.

26The foundation of the analysis lies in the endogenous sunk cost models a la Sutton (1991, 1998). Examples of endogenous
sunk costs include expenses on activities of advertising and R&D, which shift the demand curve upward (in the context of quality
competition) or the marginal cost curve downward. These factors make the total cost function to feature economies of scale,
incompatible with perfectly competitive equilibrium.
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Given the total output @) the demand for labour is:

L=(1-7v)asQ+ (N —1)asQ.

The above six equations have the following implications:

o _ 1
L  1-—~§
N
SL= 81—'y§’
. s § 1—7v
= 1-(1- =-+— 1- 62
T (I=7)¢ 6+6L1_7§( ) 6, (62)
1-35 1-35 1
T = 1—-¢= + =@, (63)

(N—1)e (N—1)ep1—~8

_aW

where ¢ = is the labour share of revenue of a rival firm.

Equations (62) and (63) respectively imply

¢ = — (64)
(142 %)
1- (N 1)6

L+ (N 1)5L 1—~3

Proposition 11 Consider the canonical model with a superstar firm and N — 1 symmetric rivals. For v €

(O, 114_;5), there exists a Nash equilibrium such that (8,¢) is uniquely determined by equations (64) and (65),

and the aggregate market outcomes are given by

1 €L
1 1=8 1 11 LT cr 1—L1=8 1 1, 1
-1« A eTe (N 1)g y cte
P01+ i3 1 (1_73)6 PO(VVO)6 1+ —3 (1_’78) £
L _ (N—1)ey, 1—~3 W _ (N ey, 1—73 'ys
- 1-1 ’ - 1-1
a " <Wy a e
) 1
1-3 b T T
) 1- (N 1)< e eter L N 3 ctep
0 - v o | R)E W (1 99) 7
- ) - 1—3
e Wo (1 —~8)c D T

T—3 1
1+ (N—l;eL T—~3

Proof. See Appendix C. m

To measure the dispersion of firm level equilibrium outcomes and product market concentration, note the
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following relations:

N A\2
s = %,HHIE§2+(N—1)S2:§2+%,
¢ = (1-7)¢,6=380+(N—1)s¢,
P = 1-¢gr=1-¢7=+(N—-1)st=1-4,

where HHI is the Herfindahl-Hirchman index of the product market; ¢ is the product market share-weighted
average labour revenue share; 7 is the product market share-weighted average of overall market power.
The intuition of the superstar firms theory can be sharpened by the degenerate case of the Cournot model,

with €, = oo, for which analytical results for comparative statics can be derived.

Proposition 12 For the limiting case: €;, = 0o, the equilibrium outcomes satisfy

A\ 2
;o= H”((x_i)en,ﬂm§2+(1_si,
B 1-8 , (eN-1)(1-v) - eN—-11-—ns
¢ = 1_(N—1)e’¢_ (N —7) = N—~’
o= l-¢g7=1-¢,7=1-0.

The following comparative statics hold for v € (O, %)

5 HHI ¢ &
@>0,@<0,6 >O,@<0,—>0,—<0,—>0,—<0,—>0. (66)
gl O O Y g v gl gl

Proof. See Appendix C. m

Intuitively, the superior efficiency of the superstar firm, measured by -y, enables it to gain product market
share, at the expense of its laggard rivals, thus resulting in a net increase in the product market H HI. Since the
superstar firm has lower marginal cost than rivals, for the same market price, it has higher markup than rivals;
in contrast, the heightened competitive pressure from the superior superstar firm reduces the rivals’” markups.
Thus, the superior efficiency of the superstar firm, measured by «, is a common cause of rising product market

concentration, average pricing power, and falling average labour revenue share.

L
For €7, < 0o, we are unable to analytically prove the comparative statics results given in (66) for v € (0, llieL )

27 Thus the same

Numerical simulations, however, can confirm they hold with plausible values of ¢ and ey,.
intuition goes through even after we add imperfect competition in the labour market. Crucially, the effects of the

technological change, measured by =, are so diverse on the superstar firm and its rivals, making the representative

27For illustration, we calibrate the canonical model with the following plausible baseline numerical values: € = 1.2, Py = 1, =
0.8, Wp = 1, N = 4, which are used for Figures 6-8.
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Figure 6: Total surplus T'S (black), consumer surplus C'S (blue), producer surplus PS (grey) and worker surplus
(red) as functions of 7.

firm approach less meaningful for studying such industries.

It is important to note that the rise of superstar firms is not always “pro-competitive”. Figure 6 shows the
welfare measures T'S, C'S, PS and W S as functions of parameter v under the baseline numerical values. The rise
of the superstar firm does improve C'S, PS and T'S, but not W.S. The benefit of increasing marginal product
of labour is captured by producers as a group, and passed on to consumers, but not to workers.?® Figures 7
and 8 can help explain why: while output goes up and price comes down, both employment and wages decrease.
The rise of a superstar firm reduces demand for labour and hence worker welfare. In contrast, if the channel of
markdown power is shut down, i.e., setting e€;, = oo, the rise of the superstar firm reduces employment, but wages

are not affected, and worker surplus does not decrease as it remains zero.??

4.1.1 Superstar Firms and Effects of Trade Union or Minimum Wage

The alignment of the superstar firm theory with the stylised fact of firm productivity dispersion within industries

makes it relevant to place the study of the function of trade union and minimum wage in the context of the

28 According to NYT article: “Inside Amazon’s Worst Human Resources Problem” (October 24, 2021) https://nytimes.blog/inside-
amazons-worst-human-resources-problem/, “Amazon’s workers routinely took a back seat to customers during the company’s meteoric
rise to retail dominance. Amazon built cutting-edge package processing facilities to cater to shoppers’ appetite for fast delivery, far
outpacing competitors. But the business did not devote enough resources and attention to how it served employees.”

29The effect of the superstar firm on worker welfare is actually more subtle as it also depends on the product demand elasticity:
for sufficiently large demand elasticity, the superstar may find it profitable to expand output to the extent that demand for labour
increases, so that the benefit of high productivity are passed to workers as well. This possibility can be illustrated by the extreme
case of shutting down the markup power channel, i.e., setting € = co. Thus, from a theoretical point of view, the effect of superstar
firms on employment, wages and worker welfare is ambiguous: it can be a function of the relative strength of markup and markdown
powers. Consequently, for practical welfare analysis and policy study it is important for empirical research to identify and quantify
the markup and markdown components in estimation of market power in order to provide relevant evidence.
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Figure 7: Output @ and employment L as functions of v. @ (black) and L (red).
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Figure 8: Price P and wage rate W as functions of v. P (black) and W (red).
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superstar firm phenomenon.

Recall the wage function altered by regulatory minimum wage w, given by eq. (48):
_ a1
W (L) = max (w, WoLr ) :

€r
which has a kink at the point ((Wlo> ,w).
Let the subscript ,, indicate the Nash equilibrium outcome under binding minimum wage constraint. In such

context, the product and labour market outcomes are characterised by

aQw 1
= — 67
Ly, 1— 73, (67)

where §,, is the product market share of the superstar firm under minimum wage regulation.

Consistent with Section 3.1, let @ denote the the minimum wage that maximises the equilibrium employment,
which we refer to as the efficient minimum wage. Then Lg = (V’Vlo)q is the maximised employment.

If the minimum wage constraint is binding with w < @ and the equilibrium features the kink point on the
regulated labour supply function, then the employment satisfies L,, = (V’Vio)q < Lg. In this case, the demand
for labour exceeds the supply, causing labour shortage. There can exist multiple Nash equilibrium points in this
case. Without imposing more structure on how equilibrium is selected, one cannot determine the market share

distributions among the firms, or the total output. The only endogenous variable that is determinable given the

wage rate w is the employment L,,.

Proposition 13 Consider the canonical model with a superstar firm and N — 1 symmetric rivals, and binding

minimum wage w < W such that L,, = (Wﬂo) - < Lg and there is labour shortage. Then
0Ly, 0Ly,
—>0,— =0. 68

€L

If the minimum wage constraint is binding with w > @ and the employment L,, satisfies L,, < Lg < (V%) ,

then there is insufficient demand for labour relative to the supply, resulting in involuntary unemployment. In this
case the markdown powers of all firms are removed. The non-superstar firms’ fundamental equation becomes

1— 3,

1*¢w:m, (69)

where ¢,, denotes the labour income share of a non-superstar firm. The superstar firm’s fundamental equation is

§

L=(1=d, = (70)
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In this case, the closed form solution of the equilibrium is available, including;:

Sw = N—'Y ; (71)
N1

w = <. 2

bo = Nt (72)

Proposition 14 Consider the canonical model with a superstar firm and N — 1 symmetric rivals, and binding

minimum wage w > w such that L, < (%)EL, i.e., there is involuntary unemployment. For N > 2, v > 0,
€e—1,:

O:%” = 0, 8;7“’ > 0,

% = 0, % >0,

88% > 0, 8{9—13” <0,

85% < 0, 88%“’ > 0,

% < 0, 8811;“” < 0. (73)

Proof. See Appendix C. m

For the comparative statics, we use the condition € — 1 to capture the idea that € is not sufficiently large to
allow L,, to increase in . That is, when ~ increases, the output expansion effect which tends to increase demand
for labour cannot offset the reallocation effect which tends to reduce demand for labour because the superstar
firm hires less labour per unit of output.

The next proposition establishes a sufficient condition for the existence and uniqueness of the efficient minimum

wage w, and its comparative statics w.r.t. 7.

Proposition 15 Consider the canonical model with a superstar firm and N — 1 symmetric rivals. For N > 2,
v >0, ¢ —» 1;: There exists a unique efficient minimum wage w such that for w = w the minimum wage
constraint is binding, and the regulated equilibrium outcomes feature mazximum employment and labour market

clearing, and
ow
— < 0. 74
- (74)
Proof. See Appendix C. m

_\er
The point (w, (Wlo) ) is the single peak in the minimum wage-employment relation, as is shown in Figure

9. The rise of a superstar firm shifts the demand curve for labour as well as the minimum wage-employment
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_ €L
relation curve downward. The peak point (w, (%) ) therefore shifts downward and to the left from T to T°,
that is, both efficient minimum wage and employment are decreased. This shows that the rise of the superstar
firm weakens the worker power in terms of efficient minimum wage, and consequently reduces workers’ welfare in

terms of worker surplus.?’

f ' f + f + f + H—
w

Figure 9: Effect of v on the minimum wage-employment relation: an increase of v shifts the relation from the
black to the red curve

4.1.2 Economic Dynamism and Shared Prosperity

The roles of superstar firms in market competition are both of great importance and complicated. First, the
rise of superstar firms is a result of competition. In their infancy, the “would be” superstar firms are innovators
who strive for superior total factor productivity or marginal product of labour. Successful superstar firms gain
in sales and product market shares, and they exert more competitive pressure on their rivals. As argued by
Demsetz (1973), firms that have large product market shares which cause high market concentration are superior
competitors, and market concentration can be an outcome of competition. The anticipated weaker competition
from rivals and rising market power of their own are the incentive for their innovation in the first place. This has
been recognised as an important driver of innovation and economic development by economists since Schumpeter
(1942).

If the dominance of a superstar firm is temporary, followed by catching up or even leapfrogging of rival firms,

the rise of superstar firms has the potential to benefit workers as well as consumers. Figure 10 shows that in

30Notice that this result does depend on the assumption that the demand elasticity e cannot exceed 1 too much. Whether this
assumption is reasonable is for empirical research to assess.
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a market structure with n < N equally efficient firms, the benefit of labour productivity improvement can be
passed on to workers in the form of higher wages (with employment following a similar pattern). Everything else
being equal, a symmetric improvement of marginal product of labour among all firms may benefit workers by

raising employment and wage rate if the elasticity of demand for the product is lower-bounded away from one.

W 1.0-‘-

0.0 e e e N S e m e L
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

Figure 10: Wage rate W as function of 7, and market structure: (1) One superstar firm with 3 inferior rivals
(black, solid); (2) Two superstar firms with 0 inferior rivals (red, dash); (3) Three superstar firms with 0 inferior
rivals (blue, dash); (4) Four superstar firms with 0 inferior rivals (green, dash)

However, to sustain their leadership, superstar firms have strong incentives to prevent their superior produc-
tivity from being eroded by technological diffusion. In this respect, the fact that supertar firms have perpetuated
their dominance too easily for too long?! may be an indication that antitrust enforcement has failed to prevent
the superstar firms from consolidating the control of intangible assets, particularly, IP rights, with the effect of
raising and sustaining barriers to entry.

We conclude this section by noting that the superstar firm phenomenon has an interesting implication for
the growth of labour productivity at the industry level. The (labour market share-weighted) average marginal

product of labour is given by

1
Z(1—3 5
al SLHa(l—v)sL
L1~y
= — — SL
a al—vy
1 1 1 14 <&
= = <= f €l0 = . 75
al—v8 al—x o <’1—|—6L> (75)

31For evidence of persistent super-normal profits, see Furman and Orszag (2018), Barkai (2020) and Gutiérrez and Philippon (2017).
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The inequality above means that the average marginal product of labour trails behind that of the superstar firm.
This point is also illustrated by Figure 11. The reason for this lies in the fact that the superstar firm has higher
than average marginal product of labour, and thus employs less labour than proportionate to output. As a result,

its labour market share §r, is smaller than its product market share §:

1 1+ &
=8 7<§fome<0 > (76)

1—738 "1+¢p

Consequently, the rise of superstar firms cannot raise average labour productivity to the extent it raises average
market power at the industry level. The slowing down of labour productivity growth rate in recent decades
is a well documented stylised fact. Even when the superstar firms pursue improvement of their own labour
productivity, they contribute less to the growth of average labour productivity. When the superstar firms stall
innovation because of complacency protected by barriers to entry, labour productivity growth at the industry
level only gets slower. This suggests that relying solely on superstar firms to foster productivity growth may not

be a winning strategy.

MPL ¢ 7
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Figure 11: The relationship between M PL of the superstar firm and the industry average (solid curve), which is
below the 45° line (dashed).

5 Conclusion

In 1933, Joan Robinson divided her pioneering new book on Economics of Imperfect Competition into two parts:

“Monopoly, the principles of selling; and Monopsony, the principles of buying”, thus effectively treating both
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markup and markdown powers of sellers and buyers in isolation. In this paper, aiming at investigating the
documented (secular) trends of rising market power, falling labour income share and wage stagnation, we treat
both markup and wage markdown powers of producer-employer firms as integral parts of the theory of market
power. By extending Cournot oligopoly model to allow imperfectly competitive labour market, we construct a
joint oligopoly-oligopsony model (JOOM) to investigate the producer-employer firms’ behaviour, and its welfare
implications for consumers and workers.

Our analysis extends the notion of exploitation of labour — wage below the marginal revenue product of labour
— from the context of monopsony to general oligopsony, and shows that the rate of exploitation of labour increases
with market concentration. Our analysis calls for the inclusion of worker welfare into the welfare standard of
antitrust enforcement. We show this call remains valid even in the presence of trade union, collective wage
bargaining or minimum wage regulation, aimed at curbing oligopsony wage markdown power. Our analysis also
sheds new light on the superstar firm phenomenon. It warns against the presumption that the superstar firm
phenomenon is procompetitive on the basis of consumer welfare improvement; and it emphasises the importance
of preventing superstar firms from entrenching barriers to entry through consolidating exclusionary control over
intangible assets, such as IP rights.

While the superstar firms theory can explain the secular trends of rising concentration, decreasing labour
share of income and wage stagnation, the theory in itself does not take a stance on how relevant the markdown
power component is with respect to the overall market power of producer-employer firms. JOOM makes clear that
empirical research is needed to quantify the relative importance of wage markdown and product price markup
powers at firm level in various sectors, since the effectiveness of policy interventions to tackle inequality in income
distribution will depend on the relative weight of the two. Moreover, given that existing empirical works on
market power have been plagued with problems of measurement errors, functional form misspecification and
endogeneity®?, we believe that JOOM can be useful not only to make sense of observed stylised facts, but also to

pave the way for a novel approach to the measurement of overall market power and its components.
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A Variable and Marginal Costs with Oligopsony Power

In Appendix A, we derive analytical results about the variable and marginal costs, as well as the overall market
power, of an oligopolist-oligopsonist firm, for a general production function, and in the case of Cobb-Douglas
production function. This provides useful theoretical guidance for empirically measuring the different components

of pricing powers.

A.1 General Formulation

Consider the following oligopsonist cost minimisation problem:

I)I(l%n>q {Z P, (xy) zy + W (1) l} (77)
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where F (x,1) is the short-run production function with x = (2,)\_;,

W (1) is the oligopsonist employer’s residual
inverse labour supply function (or wage function) with W’ (-) > 0, P, (z,) is the oligopsonist buyer’s residual
inverse supply function for variable input v, with P/ (-) > 0. The firm level residual functions P,, W and output

q are taken as given.?® Let the Lagrangian objective function be:

\4

L&LAq) =Y Py(w)m + W (D)1= A(F(x,1)—q). (78)
v=1
The first order conditions (FOC) are:
oL , OF
axv_Pvmv+Pv_Aaxv_0a (79)
ie.,
OF
A =MC,=P,+ Pz,
oz, C + Pl (80)

where MC, = P, + Pz is the marginal cost of input v,

v

oL , oF
S =W+ W —Aor =0, (81)
ie.,
A%f =MCL=W'1l+W, (82)

where MCp = W'l + W is the marginal cost of labour,

oL

a—)\-F(X,l)—q:O. (83)

Let (x*,1*,\") denote the solution to the FOC equation system. The solution is a function of parameter g,

and the residual functions P, for all v and W. It satisfies the equation:

Fx507) =q, (84)
and the technical rate of substitution equations:
OF
MC, P, (z3) + P, (z2) 2
TRS,, = %o = 0 = Zv v/ T _vlv 85
PTOE T MG, T W) W) I (85)

33Tt should be noted that the firm level residual inverse demand and supply functions P, and W depend on rival firms’ variable
inputs (which are also taken as given) and market level inverse demand and supply functions.
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The oligopsonist variable cost function is given by
v
VO (4, (P W) = L6 TN 50) = 0 Py () s + W (1)1

v=1

The envelope theorem implies that the oligopolist marginal cost is given by

dq 9q

= Y0y (P () + Py () a3) B+ (W (1) + W (1) 1) 9L

\%4 OL(x* 1 \*; *
M (o (P ) = 5 B

A.2 Extension of Price Taker Marginal Cost

Equation (87) can be rewritten as

ol*
)G

Mc(q,(Pv)v‘;wW):MCPT(q’( v=1" ) ZP/ ») :

where

ol*
PT *) 2V
MCPT (g, (P) W) = E}) Wﬂ)@,
is the extended definition of Price Taker Marginal Cost. Thus,

MO (0 (P ) = MO (1 (P W) = D2 P ) i w0y

which is oligopsonist marginal cost M C net of its input price change effects Z 1 Plx za; v and W'l* < Bl

extra cost caused by increased input prices following an increment of output at the margin. Note

14
0x% g \ Py (z2)ar (91" ¢\ W (1*)I*
PT \4 _ vi v v g
MCTT (g, (P} W) = Z( >+(aq l*>

v=1 8q 33:; q q

1%
P, (z¥)a?, W (1)1
= Y Bl WEE
v=1 q

q

which implies
P = MC™T (q,(P,),_, , W) 4
T P =1- ZC’U¢’U - <L¢L'
v=1

(88)

— the

(91)

This provides useful theoretical guidance for measuring the overall market power index 7. The revenue shares

of some inputs v and labour can be recovered from firms’ financial data; if the input elasticities ¢, and (; can be

estimated (see Section A.3 for example), then 7 can be estimated as well according to equation (91).

In the case of a Leontief production function, we have {, = (; = 1, i.e., the cost minimising input bundle
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simply scale up with the output level. Then the overall market power equals the producer surplus share of revenue,

ie.,
P — MCPT (q, P)Y_, W) v
= 5 :1—;%—% (92)
Additionally,
MCFT = AvC, (93)
AVC Ve

where AVC = % is the average variable cost.

Another setting where ¢, = ¢;, = 1 hold is with constant returns to scale (CRS) technology and perfect

competition in all input markets. Thus,

MCFT = MC = AVC. (95)

A.3 Example with Cobb-Douglas Production Function

Consider the example with Cobb-Douglas production function:

F; (z;,1;) = Aixf‘lil*a fori € NV, (96)

where variable input z; can be interpreted either as material, fuel or intermediate input, which we assume to have

perfectly elastic supply. Let the market level labour supply elasticity be constant €5, < co.

From o
o r MCyi z
TRS,p; = %Z‘, = - fa; = 3o = vam;’ (o7)
we derive
];;/3;; - 1?(1‘1‘1?0[%3&7 (98)

lr l; . .
where sz; = 4+ = T Is labour market share of firm .34
z i
Pa] ; i ing Pe%i
I/;/l;‘ and sy; are often available from micro panel data. By regressing ‘:/l;f on Sr;,

Empirically, the values of

the primitive parameters o and €;, can be inferred from the regression coefficients. So equation (98) provides

theoretical guidance for measuring firm level wage markdown power SELL .

34The derivation of eq. (98) uses the fact that L = L_; + [¥ and the market wage function and the residual wage function of a firm
has the same derivative. Therefore the market level labour supply elasticity e, = % and W4+ W'lf = (1 + i—i’) W, even though
W is the residual wage function for a firm, not the market wage function.
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Equation (97) also implies

1 i
mx;—ln( a >+1nW+1n<1—|—sL)+lnl;‘, (99)
1—ap, €L
and
olna} olnW 31ﬂ(1+%)
it SR VAN (100)
Olnl} Olnl} olnl}
ot (14 25)
SLi €L
= 1 _—. 101
+ €1, + 8lnl:‘ ( )
Note the following results:
a1 (Laf)-1 L_,
- L (L_+17)° &7
SLi 1 i = * ) S1s S
om(i+a) om(+dolm) viclr _waf_ L oap_ (-sm)wm &
Olnl} Olnly % % 1+ill er L 14 2k ’1—1—%
(102)
which can be used to derive:
i R +7( LS),EL —p T e ki g Sty T OL (103)
Il €L L+ 7= 1428 ¢ L 1+ 2L ¢y
The production funtion (96) then implies
Jdlng; Olnz?
_ P 104
oy  “ompr ¢ (104)
2—s i+ SLi i
S I R R 7 [ (105)
L+73& e
2—spit+ gy
= 1 : : 106
+a( L (106
and
Olnl} 1 1
(L= ot = = <1 (107)
Jlng; s 1 2-spitd
tol T
Note that eq. (96) also implies
OF; (x5, l;) @
. 108
i Filenl) e
and
OF; (i, 1; li
(@5, 1) =l-a (109)

al; F; (xz', li)

o1



Equation:

implies

and equivalently

Eq. (112) then implies

Cmi =

Fy (e, 07) = A (27) (1) = a (110)
OF; (z3,1F) 0xf  OF; (xf,1}) OlF
K3 1 K3 ? ? 2 — 1 111
oz} Oq; olx Oq; ’ (111)
aCy +(1—a) (g = 1. (112)
1+ (2—3Li+selii 3L1,>

* —(1— . 1+ e

Olmaf 1-(1-a)( _ L ) oy (113)

Olng; «

gyt 5L -
14+« 2oLt s
1+%Li €L

As the parameter and variables: «, 2 and sy; can be recovered from micro panel data, the input elasticities

) €r

Cr; and ¢, can also be recovered according to (107) and (113).

The following two numerical examples show how the input elasticities change with market structure.

Example 1: symmetric model, o = %, e, = 0.8, s, = %

1

Cri= — , (114)
1 NTNep 1
+Ol< 1+%€L Ner,
27%+N1 1
1 + < 1+N1 “ NGL
= (115)

C(Ei 1 1 °
2— 5+
1 Oé< N lNeL 1 )
-~ N
It xeg €L

Figure 12 shows that consolidation of market structure of the symmetric model, i.e., reducing N, causes the

labour input elasticity to decrease and the non-labour variable input elasticity to increase. This is because as the

labour market becomes more concentrated, each firm has more wage markdown power, and its marginal cost of

labour increases, inducing it to substitute labour with non-labour variable input.

Example 2: Asymmetric model with a superstar firm and N — 1 symmetric laggard rivals: a = %, er, = 0.8,

Spi = 1]\7_? forie {1,2,...,N — 1}, sy = 81, N = 4, where §, is the labour market share of the superstar firm.
Forie {1,2,...,N —1},
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Figure 12: Example 1, symmtetric model. ¢;; (red) and {,; (blue) as functions of N.
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prediction is empirically testable.
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(117)

(118)

(119)

Figure 13 shows that an increase of the labour market share of the superstar firm, §;,, which can be caused by
technical progress of the superstar firm, i.e., Ay T, causes the superstar firm’s labour input elasticity to decrease
and the non-labour variable input elasticity to increase. For the laggard rivals, the opposite is true. This also

increases the dispersion of the input mix ?— and the input expenditure ratio 1",?,? among the firms. The last
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Figure 13: Example 2, asymmtetric model with a superstar firm and lagard rivals. Superstar firm: (;  (red,
solid) and ¢, (blue, solid); rivals: (;,; (red, dashed) and (,; (blue, dashed), as functions of §y,.

B Generalisation of the Fundamental Equation of Market Power

The fundamental equaiton of market power (14) can be extended to:

P—MCFPT s A s SLi
i _ 2 N “he . .. 120
2 c + ; o Cmd)vz + €r CLZ¢L’L ( )
Similarly, equation (21) can be extended to:
v
Ti=p;+ Z XviSvi®ui + XLiCLiPLi> (121)
v=1

where x,, is the rate of exploitation of input v by firm ¢, defined similarly with the rate of exploitation of labour

XLi:

C Proofs

Proof of Proposition 11. Eq. (64) and (65) jointly determine the following equation with § the unique unknown

variable:

1-3§

$ 51— 1 — w7=1.

=S (1 R e (122
€ ecl—9s I+ e 753
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which simplifies to

A3> + B5+C =0, (123)
where
A= (4 (N=Dey— (1) (17— em), (124)
B = —(N=Der+D+((N-Dery+De)+ (1 =) (N =1De-1)(1 -y —ery)+er)), (125)
C = (e+er+((N=-1)e—1)ery). (126)
The unique solution that satifies
.o 1
%11%8 =~ (127)

is

§ = . 128
8 54 (128)
For § = 1: equation (122) implies
_ 1+ (129)
Y= 1 4 €1, 9

which is the threshold value of v for monopolisation of the joint oligopoly-oligopsony industry.
Proof of Proposition 12. It follows from the proof of Proposition 11, with €;, = co.
Proof of Proposition 14. The complete closed-form solutions and some comparative statics are the follow-

ing:

1+ ((N=1)e—1)y 04y, 084 03,  —(1—17)

S0 = N ’8710:0’877> ,a—N—W<O (130)
by = %:5,%%”_0,65;”>0;for6ﬁ1+:8£\1;_(]5:3)2>0 (131)
P, = (NN_V);“’, %};“’ >0, 3;;" < Oyfor e — 1, : %‘?\7 = ((7]\[__1)1;;“” <0 (132)
Qw = (fﬁf@;;u);) aa(’i')‘” <0, a(%“ > 0yfor € — 1, : 8;]2\}” >0 (133)
Ly, = a (M) (1 _71+((NN—_1);— 1)7),88%” <0 (134)
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For N>2 v>0,e—1;:

1 0L, _ 0L,

e = 5 (135)
_ e+l 242((N-1e—1)y (136)
 N—-9 N-2y—((N-1)e—1)12

e+l 2+42((N-1e—-1)y
< ¥ N1 (137)
e+1 242((N—-1)e—1)y
< N— N (138)
_ -1 2(N-1e—1)y
= v N (139)
< 04 (140)

€
Proof of Proposition 15. Equating the expressions of L., given in (134) and L,, = (Wio) L, yields a unique

solution: N .
. ¢ — 1)\ Fer _ _ Fe
w =0 =a e (W) <P°](\;va)> (1 _ ((NN 1)76 D 7) " (141)
The equation also implies
88% dw + a;; d\ = G(L;O)l dw. (142)
Forw=wand N >2,v>0,e— 1,:
_ ALy
B o

The inequality above holds because, by Proposition 14, % < 0 and % < 0.

o) " .
For binding minimum wage w < w: % = % > 0; for w > w: d;—ww < 0. Therefore w = w uniquely

maximises L,,.
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