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Abstract

In this dissertation, | theoretically and empirically examine effects of new
entry, resource misallocation and economic policies on firm-level and region-level
productivity, and | try to measure real technical improvement more precisely when
observed productivity changes arise from both supply and demand factors. More
specifically, | propose a theoretical approach to examine the entry effect on productivity
and to distinguish the physical productivity improvement and revenue productivity
change. | also use Chinese firm-level data to examine to what extent resource
misallocation accounts for observed regional productivity differences between Beijing
and Shanghai. The main contributions of this dissertation are threefold. The first
contribution is to improve our understanding of sources and mechanisms that determine
productivity. The second one is to propose a methodology of measuring technical
efficiency improvement more precisely. The third one is to provide policy implications
for fostering economic efficiency at the regional level.

In Chapter 2, I examine how new entry influences incumbent firm’s measured
productivity when the highest quality product is introduced to the market by
incorporating both demand and supply factors into a single analytical framework. First |
build a theoretical model by extending the model of Johnson and Myatt (2003) where
both consumers and firms take product quality into account when they decide their
optimal behaviors. The extended model allows me to link physical productivity and
revenue productivity under several types of new entry. The key insight form this

analysis is that incumbent firm’s revenue productivity can be affected by both business
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stealing effects and technical improvement effects. Based on the results from this
theoretical model, | discuss potential problems of using revenue productivity measures,
and the importance of distinguishing physical productivity improvement and revenue
productivity improvement in an empirical analysis. The separation of revenue
productivity from physical productivity is critical for understanding the sources of an
observed productivity change accurately.

In Chapter 3, I use firm-level Chinese manufacturing data to investigate how
input market distortions affect the aggregate productivity differences between two major
cities in China, Beijing and Shanghai. In this empirical analysis, | use an extended
version of Hsieh and Klenow (2009) approach and an alternative approach developed
from Midrigan and Xu (2014) to estimate productivity losses from resource distortions.
This empirical analysis reveals that the aggregate productivity level is lower in Beijing
than that in Shanghai, and the input market distortions, especially the capital
misallocation is more severe in Beijing than that in Shanghai.

In Chapter 4, | attempt to offer a possible mechanism through which regional
productivity are affected by labor market misallocation between Beijing and Shanghai.
In doing so, | construct a theoretical model and investigate a possible role of Hukou
allocation system (a unique household registration policy in China) in influencing
regional productivity through firm’s strategic behavior with respect to the retention of
workers. The theoretical analysis shows that a firm has an incentive to retain inefficient
match between the firm and workers under some Hukou system and this theoretical
insight indicates that the level of regional productivity is low due to inefficient labor
market allocation arising from Hukou system. This analysis offers a new explanation for

an observed regional productivity difference between Beijing and Shanghai.
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Chapter 1.

Chapter 1.

Introduction

What determines productivity? How can we estimate productivity precisely?
These questions have been central for a long time to researchers in many fields who are
interested in investigating the source and nature of economic growth and development.
This is because, as endogenous growth theory indicates, productivity growth is a critical
determinant of economic growth, especially under the condition that resources such as
labor and capital are unlikely to expand. Thus, these productivity issues have been
attracting a lot of attention from economists and policy makers, and in this dissertation |
try to contribute to this important line of the literature on determinants of productivity

and productivity measurements.

1.1 Motivation

Productivity is commonly defined as a ratio of volume measure of output to a
volume measure of input. It is essentially a measure of efficiency that describes the
ability to transform raw inputs into intermediate or final goods. High level of
productivity allows firms or economies to produce a larger amount of outputs from a
given level of inputs, and it thus leads to a higher GDP and economic growth. In other
words, economic growth can be achieved with an improved productivity level even if
inputs such as labor and capital remain unchanged. Productivity is therefore recognized
as the most fundamental and crucial determinant of economic growth, and it plays an

important role for explaining why some regions or economies are richer than others and



Chapter 1.

why some regions or economies were poor in the past are now getting richer.

Past research regarding productivity has revealed that many factors can
influence productivity. For example, Syverson (2011) lists several mechanisms through
which productivity is determined and presents related evidence in his comprehensive
literature survey. Among several determinants of productivity, he mentions the degree of
competition in market, resources allocation among firms, product innovation,
management, investment in capital, and government policy. In his survey, it is stressed
that productivity can improve not only by firms’ behaviors such as R&D investment and
process innovations, but also by other firms’ behaviors through competition and
spillovers and institutional settings.

Among factors for productivity improvement, competition is one of the
important determinants. First, competition affects a firm’s incentive to innovate because
the firm may conduct process or product innovation in order to escape from competitive
pressure when facing fierce competition. Conversely, a firm may reduce its incentive to
innovate because competition may result in eroding benefits from the innovation
(Aghion et al., 2005). In either way, competition influences firms’ incentives to innovate,
and this in turn affect firms’ productivity. Competition also brings about selection effect
and reallocation effect. That is, fierce competition is likely to force some firms to exit
from a market and reallocate scarce resources from one firm to another firm. Although a
lot of studies have examined a relationship between competition and firms’ productivity
or a relationship between competition and firm’s product choices, only a few
researchers examined competition, productivity and product choices in a single
framework, and as a result we have known very little about how competition affects
demand and supply factors for the determination of productivity at the firm and industry

level. In order to fill this gap in the literature, in this dissertation, I build a theoretical
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Chapter 1.

model by incorporating all the three elements (i.e., competition, productivity and
product choices) and examine entry effects on productivity by taking both demand and
supply factors into account.

Recently, effects of resource misallocation on productivity have increasingly
attracted attentions from economic researchers, because it plays an important role in
explaining productivity differences between developed countries like the U.S. and
developing countries like China and India. Past studies have mainly focused on
differences in productivity across countries, but there are not many studies that
empirically investigate regional differences in productivity within a country arising
from resource misallocation. In this dissertation, I use the Chinese manufacturing data
to examine whether regional productivity differences are due to resource misallocation.
Moreover, | dig deeper this resource misallocation problem by investigating how a
particular policy in China leads to such resource distortion in the labor markets of
Beijing and Shanghai, and whether the policy accounts for a possible source of regional
productivity differences between Beijing and Shanghai.

While factors mentioned above can affect the productivity differences among
firms or regions directly, Syverson (2011) also mentions that the productivity
differences may be attributable to simply different approaches of productivity
measurement. More specifically, two main approaches, which differ in output measures,
have been used in past research, namely, physical productivity (TFPQ) and revenue
productivity (TFPR). The physical productivity approach measures the output in
physical units (e.g., number of product, number of customers served), whereas the
revenue productivity approach is based on an amount of output in monetary units (e.qg.,
value added, sales).

TFPR approach is widely used to measure productivity in past studies mainly

3



Chapter 1.

because of data availability. However, this approach can be sometimes problematic
when we are interested in examining the technical efficiency. Since the TFPR approach
measures output in monetary value units, the measurement of TFPR not only contains
physical efficiency differences, but also reflects price effects arising from the demand
side (Foster et al., 2008), input market distortions (Hsieh and Klenow, 2009, 2014) and
other factors. Therefore, a lower TFPR may be due to a lower demand or market
distortions rather than lower technical efficiency. This TFPR approach may fail to
estimate real technical efficiency change and may end up with capturing a mixture of
changes arising from both supply and demand effects. Researchers in this area
recognize that the conventional TFPR is insufficient to understand some fundamental
economic issues like entry effect or regional development.

It is important to distinguish physical productivity (TFPQ) and revenue
productivity (TFPR) when we are interesting in examining and comparing entry effects
on productivity of incumbent firms (Foster et al., 2008). Since the TFPR can be an
imprecise measure of physical productivity, we must understand to which degree
physical productivity measure is incorrectly estimated when using the TFPR, and we
must provide a method of correcting biases from the TFPR. In Chapter 2 of this
dissertation, | offer a theoretical model that raises potential problems of the TFPR, and
then propose an empirical approach that links TFPR to TFPQ.

The past studies show that observed TFPR dispersion partly reflects market
distortions (Hsieh and Klenow, 2009, 2014). They show that even if TFPQ dispersed,
TFPR will not disperse in an economy without market distortions. This suggests the
importance of distinguishing TFPR and TFPQ when we compare productivity or
economic growth across regions or countries. In Chapter 3 of this dissertation, | use
Chinese manufacturing data and shows differences in dispersion of TFPR and TFPQ

4



Chapter 1.

clearly.

1.2 Productivity Changes and Entry

New product offering has profound impacts on existing product through both
supply and demand sides. On the demand side, such entry allows consumers to choose
from an extended variety of products, and leads to demand switch from existing
products. On the supply side, such entry forces incumbent firms to face a tougher
competition, and in order to respond to it, they may improve their productivity through
selection and incentive.

| build a theoretical model that includes demand and supply factors, and
competition in order to examine how new entry by offering a higher quality product
affects existing firm’s measured productivity. Chapter 2 of this dissertation is devoted to
achieving this goal. | also decompose such entry effects on supply and revenue into
technical improvement effect and other demand factors like business stealing effect, and
separate physical productivity improvement from revenue productivity change cleanly.

More specifically, in so doing, | extend the model of Johnson and Myatt
(2003), where both consumers and firms take a quality of product into consideration
when they decide their optimal behaviors. In the framework of this study, consumers
choose a particular quality of the product that gives them their highest utility level,
whereas firms decide the quality and quantity of a particular quality of the product to
supply. The key idea is that a derived first order condition from the model contains
fundamental parameters of both firms and consumers, and reflects effects from both
demand and supply factor. | then use the optimal conditions to separate supply factors
from demand factors, which finally allows me to separate TFPQ from TFPR clearly, and

make a connection between entry effects on firm revenue productivity and those on firm
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physical productivity.

The main insight from the theoretical analysis can be summarized as follows.
When a new entry occurs by introducing the highest quality of the product, existing
firms’ supply and revenues are affected by both business stealing effects and physical
productivity improvement effects. While the business stealing effects can be critical for
the revenue of the highest quality product before such entry, the revenue of other lower
quality products is unaffected. On the other hand, physical productivity improvement
effects can impact the revenue of all the existing products. Since firm revenues reflect
these two effects, the TFPR measure is different from TFPQ unless business-stealing
effects can be controlled for properly. The model shows that the technical efficiency
improvement can be underestimated if we use revenue productivity measurement in

general.

1.3 Regional Productivity Difference and Resource Allocation

Empirical research on input market distortions has started using firm-level
micro-data to advance our understanding of sources and mechanism of productivity
improvement and economic growth (e.g., Hsieh and Klenow 2009). One important
finding from this line of research is that developing countries like China and India
indicate a lower level of the aggregate productivity than countries like the U.S. because
of greater resource misallocation among firms. The resource misallocation literature has
mainly focused on differences in productivity across countries, but there are not many
studies that empirically investigate regional differences in productivity within a country
arising from such efficiency of resource allocation.

In Chapter 3 of this dissertation, | estimate productivity losses from labor and

capital resource misallocations as well as potential gains from efficient resource
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allocation, and closely examine sources of productivity differences in two Chinese
major cities, Beijing and Shanghai. The estimation method | used to estimate
productivity losses is developed by Hsieh and Klenow (2009) and extended by Gong
and Hu (2016) who relax the assumption of constant returns to scale. In order to take a
comprehensive approach, | also use an alternative approach for measuring resource
misallocation based on the model in Midrigan and Xu (2014). | compare the empirical
results from the Hsieh and Klenow approach and this alternative approach to examine
whether these results are consistent between the two different approaches. Furthermore,
| also decompose productivity loss into the one arising from capital misallocation and
the one from labor misallocation.

Main findings from this study are summarized as follows. First, there is a
difference in productivity loss between Beijing and Shanghai. The average aggregate
productivity loss of Beijing from resource misallocation is larger than that of Shanghai,
implying that resource allocation is more efficient in Shanghai than in Beijing. There is
indeed a regional productivity difference due to resource misallocation. Second, the
aggregate productivity level of Beijing would improve more significantly than that of
Shanghai if resources were allocated to the efficient level. This result again indicates
that there is some variation in the degree of resource misallocation across regions.
Finally, the empirical analysis of this dissertation reveals that capital misallocation is
more severe in Beijing than labor misallocation, and this indicates that some frictions
likely exist in Beijing’s capital markets.

The empirical results from Chapter 3 raise a question of what is a possible
mechanism that generates such productivity differences between Beijing and Shanghai.
In Chapter 4 of this dissertation, | try to offer a possible mechanism that may cause

some labor misallocation between Beijing and Shanghai. | theoretically investigate a
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possible role of Hukou allocation system (a unique household registration policy in
China) in influencing regional productivity through labor market distortion. |
demonstrate that the level of regional productivity can be low due to inefficient labor

allocation arising from firms’ strategic behavior in their response to the Hukou policy.

1.4 Contributions of the Dissertation

In this dissertation, | examine the effects of new entry, resources misallocation
and a particular policy on productivity theoretically and empirically. These determinants
will help us to understand the sources and mechanisms of productivity improvement
more accurately, and then contribute to the line of research on what determines
productivity. Second, I propose an approach to examine the entry effects on productivity
by controlling for both supply and demand factors, and this framework allows me to
separate the entry effect on TFPR from the entry effect on TFPQ. By investigating a
relationship between TFPQ and TFPR, we can more clearly understand potential
problems of using TFPR measures, and we can measure the productivity improvement
more precisely. Finally, I empirically examine how the resource distortions affect the
aggregate productivity and whether a different pattern of resource distortions leads to a
gap in aggregate productivity between regions. The result helps identify the sources and
the extent of resource market distortions as well as to suggest policy implications for
improving economic efficiency. | also offer a theoretical explanation for the findings
from my empirical analysis, and the main insight in my theoretical analysis is novel in

this research area.

1.5 Structure of the Dissertation

This dissertation is organized as follows. In Chapter 2, | theoretically examine

8
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a relationship between productivity and competition through new entry and then relate
TFPR measure to TFPQ measure. In Chapter 3, | use the firm-level Chinese
manufacturing data and estimate how much productivity loss of Beijing and Shanghai is
attributable to labor and capital resource misallocation. In Chapter 4, | theoretically
investigated a possible role of Hukou allocation system in order to provide one possible

explanation for the empirical findings | found in Chapter 4. Chapter 5 concludes.
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Chapter 2.

Measuring Physical Productivity Changes

when New Entry Occurs

2.1 Introduction of Chapter 2

Entry of some firms by offering a new product has profound impacts on both
supply and demand sides. On the demand side, such entry will allow consumers to
choose from an extended variety of products, and some consumers may actually switch
to another product from the product they are currently consuming. On the supply side,
such entry would force incumbent firms to face a tougher competition, and they may
take some actions to respond to it. For example, firms may upgrade the quality of their
products or expand the line of their products to make an optimal adjustment to the new
competitive environment. Also, such entry may cause resource reallocation between
incumbent firms or between new entrants and exiting firms, and it may eventually leads
to the transformation of market structures. A tougher competition and resource
reallocation may, in turn, affect both firm-level and industry-level productivity through
selection and incentive.

There have been a lot of theoretical and empirical studies that examine a
relationship between competition and firms’ productivity or a relationship between
competition and firm’s choices about a variety and quality of products. However, many
studies have not examined competition, productivity and product choices in a single
framework, and as a result we have known very little about how entry through a new

product offering affects demand and supply factors for the determination of the level
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and growth of productivity at the firm- and industry-level. In this research, | build a
theoretical model by incorporating all the three elements (i.e., competition, productivity
and product choices) and, based on insights from the theoretical analysis, | propose an
empirical framework that allows us to estimate physical productivity (TFPQ) cleanly
and to infer effects of entry on productivity. To achieve this goal, | extend the model of
Johnson and Myatt (2003), where both consumers and firms take a quality of product
into consideration when they decide their optimal behaviors, by allowing for several
types of new entry as well as by explicitly linking physical productivity (TFPQ) to
revenue productivity (TFPR). In the framework of this study, consumers choose a
particular quality of the product that gives them their highest utility level, whereas firms
decide which quality of the product and what quantity of a particular quality of the
product to supply. The key idea is that a derived first order condition from the model
contains fundamental parameters of both firms and consumers. | use the optimal
condition to separate supply factors from demand factors, which allows me to separate
physical productivity (TFPQ) from revenue productivity (TFPR) cleanly.

It is important to distinguish physical productivity (TFPQ) and revenue
productivity (TFPR) when examining entry effects on productivity of incumbent firms
and industry-level productivity (Foster et al., 2008). Revenue productivity (TFPR) is
often used to measure firm productivity mainly because of data availability. This
conventional approach, however, has several drawbacks. First, the revenue productivity
(TFPR) approach cannot distinguish whether an observed productivity change is due to
technical improvement or a change in a market structure because product prices are part
of the revenue productivity measurement. Therefore, this productivity measurement
may fail to capture technical changes and may end up with capturing a mixture of
changes resulting from both market structures and technical changes. This can be very

11
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problematic when we are interested in examining and comparing technical efficiency of
new entrants and incumbent firms or spillover effects of new entrants on incumbent
firms. Second, the revenue productivity (TFPR) may not be a precise measure of
productivity when products are differentiated by quality. A difference in quality of
particular product may be partially reflected in prices. Therefore, including prices may
work as adjusting quality differences among seemingly homogeneous products when
measuring firm productivity. This favors the use of the revenue productivity (TFPR).
But prices also reflect other aspects such as market structures and consumers’
willingness to pay. Therefore, the revenue productivity (TFPR) can be contaminated
with demand conditions and it fails to capture physical productivity accurately when
products are differentiated by quality. In short, the conventional approach is insufficient
to understand fundamental economic issues about entry of some firms by offering a new
product. The approach proposed by this study tries to overcome such shortcomings by
controlling for both supply and demand factors, and provides a way of recovering
physical productivity (TFPQ) from revenue data.

The main insight from the theoretical analysis of this chapter is summarized
as follows. Firms’ revenues are affected by business stealing effects and physical
productivity improvement effects when a new entry occurs by offering the highest
quality of the product. The business stealing effects can be critical for the product of the
ex-highest quality product (i.e., the second highest quality product after such entry) but
the revenue of other lower quality products is unaffected. On the other hand, physical
productivity improvement can impact the revenue of all the existing products. Since
these two effects are reflected in revenues, revenue productivity measure can be
different from physical productivity unless business-stealing effects can be controlled
for properly. In general, the model demonstrates that the technical efficiency

12
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improvement can be underestimated if we use revenue productivity measurement.

Many past studies assumed homogeneous products and demonstrated that if
prices are controlled for, an entry effect on firm technical efficiency improvement is
uniform across producers and the improvement can be estimated by using revenue
productivity measurement. However, this study shows that if products are differentiated
by quality, the physical productivity improvement have different impacts on the
producers. This suggests that some alternative approach is needed when products are
not homogeneous in order to estimate the entry effect on firm physical productivity
improvement precisely. Therefore, the first contribution of this chapter is to propose a
simple and novel method of estimating physical productivity changes by using quantity
data only. This methodology overcomes shortcomings of conventional revenue
productivity measures. Second, the framework of this analysis allows us to decompose
the entry effect on firm revenue into technical improvement effect and business stealing
effect. This decomposition helps us understand whether a revenue change stems from its
own behavior or stems from others’ behaviors. Third, the framework of this analysis
permits us to relate the entry effect on firm revenue productivity to its on physical
productivity. This result helps us to judge whether revenue productivity tends to over- or
under-estimate physical productivity.

The chapter is organized as follows. In section 2.2, | review the literature
about entry effects on productivity by focusing on theoretical insights and empirical
findings relevant to this research. In section 2.3, | lay out the model proposed by
Johnson and Myatt (2003) in order to prepare for presenting my expanded model. In
section 2.4, | extend their model and construct the framework for several types of new
entry and specify an equilibrium for each case. | also decompose entry effects on firm
supply and revenue into physical productivity improvement effects and other demand
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side effects. Section 2.5 concludes.

2.2 Related Literature

This research is related to three streams of exiting research (i) effects of
competition on productivity, (ii) quality upgrading, and (iii) the relationship between
revenue productivity and physical productivity. In this research, | try to make academic
contributions in these lines of research by theoretically examining how a new entry
impacts firms’ choice about the quality of their product, and how the quality of their
product affects measurements of firms’ productivity. Below I will discuss extant studies
in detail in order to help to understand where my thesis study stands in the literatures as
well as facilitate interpretations about insights from my theoretical analysis presented in

Section2. 3.

2.2.1 Effect of Competition on Productivity

The question of whether or not competition improves firm productivity has
long been one of the central topics to economics, and many studies have been trying to
answer this question as well as understanding relationships between market competition
and firm productivity. Past empirical studies have documented a positive correlation
between product market competition and the level and growth of productivity both at
the firm level and the industry level. Mainly, three explanations for this positive
relationship have been proposed in the literature. The first explanation is based on
selection effects. Firms with low productivity are more likely to exit from the market
when market competition is intensified. Since more productive firms stay in the market
and less productive firms are driven out of the market, this results in improving the
average or the industry level productivity. The second explanation hinges on resource
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allocation. In response to some exogenous changes in the economy such as trade
liberalization, resources are likely reallocated toward high productivity firms within a
given industry. This reallocation leads to the improvement of the industry level
productivity. The third explanation focuses on productivity improvement of a particular
firm. When competition is intensified, an incentive to escape from competition becomes

large. This in turn increases firm’s innovative efforts and raises firm’s productivity.

2.2.1.1 Selection Effect

Both theoretical and empirical literatures on industry evolution and firm
survival found that high productivity firms are more likely to grow whereas low
productivity firms are more likely to exit from the market. In a competitive environment,
entry of more efficient firms into the market intensifies market competition and also
forces less efficient firms to exit the market. This market selection process is an
important channel for the improvement of the overall industrial productivity.

The main models of industry dynamics (Jovanovic, 1982; Hopenhayn, 1992;
Ericson and Pakes 1995) all indicate that more productive firms stay and grow in the
market and less productive firms are eventually driven out of the market in a
competitive industry. In the model proposed by Jovanovic (1982), an industry is a
collection of firms with heterogeneous productivity. At the advent of an industry, firms
are given a time invariant efficiency parameter which is gradually revealed through the
process of Bayesian learning after entry into a market. One of the findings from this
model is that those firms who discover that they are efficient will survive and grow to
their optimal size, while those who discover that their firms are inefficient will tend to
exit. This model is known as a passive learning model, because firms do not take any
actions to improve their productivity over time. In contrast to this passive learning
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model, Ericson and Pakes (1995) provided an active learning model in which firms can
invest to enhance their productivity under competitive pressure from both within and
outside the industry. Firm’s profitability changes over time as a response to the
stochastic outcomes of the firm’s own investment, and the outcomes of other firms in
the same market. They found a similar result that firm grows on average if they are
successful in improving productivity as well as profitability, and exits if they are
unsuccessful. Hopenhayn (1992) extends Jovanovic’s model by providing a steady-state
analysis of the dynamics of heterogeneous firms within a perfectly competitive industry.
In a stationary equilibrium, a fraction of firms that enter the industry is equal to a
fraction of firms that exit from the industry. Similar to Jovanovic (1982), this model
predicted that firms whose productivity is below a given threshold level must exit the
market, whereas other more productive firms will survive. This selection process will
then lead to the productivity growth at industry level.

Most empirical studies have found that exiting firms are typically located in
the lowest part of the productivity distribution. For example, Bellone et al. (2006)
showed that exiting firms is about 5% less productive than their surviving competitors
in France over the 1990-2002 periods. One of the most important findings in this line of
empirical research is that the competition and market selection contributes positively to
aggregate productivity growth through the selection of efficient firms. Such evidence
has been found in a variety of countries. For example, Baily et al. (1992), Haltiwanger
(1997), and Foster et al. (2001) have reported such evidence for the United States,
Griliches and Regev (1995) for Israel, Aw et al. (2001) for South Korea and Taiwan,
Disney, Haskel and Heden (2003) for UK, and Nishimura et al. (2005) for Japan.

Although we observe, by and large, that exiting firms are less productive than
surviving firms, the literature has also reported that there is variation in market selection
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processes across countries, industries and over time. Scarpetta et al. (2002) found that
market selection mechanism does not function well in mature and/or restructuring
industries because high productivity firms tend to find profitable opportunities in other
industries and therefore exit from those sunset industries. Aw, Chen and Roberts (2001)
compared data for Taiwan and South Korea from 1983 to 1993, and showed that the
market selection process against less productive firms is more effective in Taiwan than
in South Korea and firm turnovers contributed more significantly to the productivity
growth of manufacturing industries in Taiwan than in Korea. Bellone et al. (2006)
presented the evidence that market selection mechanisms may be less efficient in France
than in the US over the 1990-2002 periods.

Several empirical studies attempted to dig deeper by quantifying the
contribution of this market selection effects to productivity growth. Bailey et al. (1992)
decomposed industry productivity growth into the contributions of the incumbents, the
entrants, and the exits in order to examine the contribution of those firms to industry
productivity growth. They found that incumbent plants contributed very little to the
aggregate US productivity growth. They argued that the most important channel for the
overall industry productivity growth is the replacement of low productivity plants by
high productivity plants. Foster, Haltiwanger, and Krizan (2006) found that the
aggregate productivity growth in the U.S. retail sector is almost exclusively through the
exit of less efficient single-store firms. Harris and Li (2008) found that 79% of UK

productivity growth arises from the replacement of low productivity firms.

2.2.1.2 Resource Allocation
The resource reallocation among firms within a given industry is also an

important channel of productivity improvement. Both theory and empirical evidence
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suggest that higher level of competition within an industry contributes to enhancing
allocative efficiency by shifting market share and factor resources from less efficient
firms toward more efficient firms, and then more productive firms should be larger or
becoming larger while less productive firms should be smaller or becoming smaller.
This is a mechanism through which improvement in industry level productivity is
achieved.

Melitz (2003) proposed a model with firm heterogeneity in order to
investigate how industry competition influences firms’ export behavior and their
productivity levels. One of the key results from his theoretical analysis is that greater
competition shifts resources from less to more productive firms and this results in
raising industry level productivity. In his model, profit-maximizing firms with
heterogeneous marginal costs produce a differentiated good with increasing returns to
scale in a monopolistically competitive market. Firms pay an entry cost to enter the
sector and draw their productivity from a common distribution. Under this setting,
Melitz found that more productive firms will survive and expand because they can
charge lower prices and then have a higher market share. He also found that less
productive firms are negatively affected by increasing foreign competition. In other
words, free entry will induce more productive firms to enter the export market and force
the least productive firms to exit. One important implication of his work is that
increasing competition raises average productivity in a sector by allocating resources
(e.g., market share, labor and capital) away from less productive firms towards more
productive ones. While Melitz model emphasizes a resource reallocation mechanism
within industries, Bernard, Redding and Schott (2007) and Okubo (2009) extended this
model with multiple industries, and found greater competition can leads to resources

reallocations not only within industries but also across industries.
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The main implications from the Melitz model are tested against data and
obtain strong empirical supports. For example, Trefler (2004) studied the impact of
trade liberalization on labor productivity in Canada, and showed that in industries where
fierce competition took place, labor productivity rose by 15 percent partly because
low-productivity plants contracted. Pavcnik (2002) found large market share
reallocations within industries, and the reallocation of resources and output from the
less to more efficient firms contributes to achieving 66% of aggregate productivity
improvements when firms are exposed to competition from international trade in Chile.
Eslava et al. (2013) found similar evidence in Colombia that more productive firms may
increase their market share not only form the less productive continuing firms but also
from the less productive firms which exited the market. They also showed that this
productivity gain would be lowered if physical productivity measure is used instead of
revenue productivity measure.

Beyond the international trade literature, many researchers found similar
results that resources are reallocated across firms and this lead to an aggregate
productivity growth under competitive process. Ericson and Pakes (1995), and Asplund
and Nocke (2006) constructed models that make a connection between marker share
shift and productivity to investigate firm evolution. They showed that low productivity
plants are less likely to survive than their more efficient rivals because of a decreased
market share. The reallocation of market shares to more efficient producers can emerge
from among incumbents as well as entry and exit, and this productivity-survival link
plays a crucial role on industry productivity growth. Arnold et al. (2011) pointed out
that productivity growth is largely driven by market reallocation from less to more
productive firms, rather than through within-in firm improvements in productivity by
using data from OECD countries. Baldwin and Gu (2006) took advantage of Canadian
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manufacturing data to examine the contribution of competition to productivity growth.
They showed that the output reallocation across firms driven by competition accounts
for about 70% of the overall labor productivity growth in Canadian manufacturing
industries. They suggested that most previous studies likely underestimate the
contribution of output reallocation results from competition to aggregate labor
productivity growth.

While most of the extant studies investigated changes in resource allocation
and competition, Syverson (2004) examined the difference in competition in a
geographically isolated concrete industries and its impact on productivity. In his model,
products are physically homogeneous and have very high transport costs. Then
differences in competitiveness across markets are related to the density of concrete
firms in the market. It is harder for inefficient firms to be profitable in dense markets
because customers can easily shift to their more efficient competitors if they charge high
prices to cover their costs. This implies that when competition is intense, inefficient
firms are unable to keep market share as well as to survive, and this leads to the
truncation of a productivity distribution from below. They also found in a homogeneous
industry in the U.S., markets with denser construction activity have higher lower-bound
productivity levels, higher average productivity, and less productivity dispersion. This
empirical evidence is consistent with prediction from his model.

Moreover, there is a fast-growing literature that seeks to identify factors
generating resource misallocation in a competitive environment. Many researches on
market regulations argued that appropriate regulations can play in facilitating the
reallocation of resources. Bartelsman et al. (2004) showed that inappropriate regulations
such as high start-up costs are likely to prevent the resources reallocation from low to
high productivity incumbents, leading to low firm turnover and low productivity growth.
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Other works, for example Foster et al. (2008), Heish and Klenow (2009) and Midrigan
and Xu (2014) suggested that efficient firms fail to attract productive labor and capital,
and this causes resource distortions among firms as well as a low aggregate productivity,
especially in developing countries. Hsieh & Klenow (2009) showed that job
misallocating is an important part of the reason which TFP is lower in China compared
to the United States, and they argued that if labor and capital could be allocated to
highly efficient firms in China and India similar to the United State, then the aggregate

productivity could be increased by about 50%.

2.2.1.3 With-in Effect

When competition is fierce, inefficient firms are unable to stay in the market
in the long run. In order to gain cost advantages and raise survival probability, firms
have a strong incentive to improve their productivity through innovation, product shift,
management and other ways. In contrast to selection effects and resource reallocation,
this with-in effect comes from productivity improvement at firm-level and generates an
aggregate level productivity change through the productivity improvement of individual
firms.

When competition is strong, firms may suffer a pressure on managers. Some
studies supposed that firm make a great effort to reduce cost through improve
management such as ensure production process and resources are effectively production
process and resources are used effectively, and this leads to a productivity increase. For
example, Bloom and Van Reenen (2010) find that strong product market competition
appears to boost average management practices through a combination of eliminating
the tail of ineffective production process and pushing firms to improve their practices.
Based on a cross-country survey of management practices covering more than 6,000
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firms, they showed that higher competition results in higher management practices, and
that this also appears to improve performance. Griffith (2001) isolates the impact of
competition on managerial effort by dividing her sample of UK firms into single
establishments and group establishments. Single establishments are typically managed
and owned by the same person, and are therefore less susceptible to principal and
agency problems. On the other hand, management and ownership are typically
separated in group establishments, and principal and agency problems are critical for
management efficiency. She finds that an exogenous rise in competition increased the
productivity of the firms likely to have principal agent problems, but not that of firms
without these problems. Martin (1993) suggested that the effects of fierce competition
on managers’ efforts are often subtle and ambiguous. They found that competition could
lead to less effort if managers are highly responsive to monetary incentives, as the
opportunity for performance-related pay is reduced by intense competition.

Another channel of competition affecting firm productivity is to change the
distribution of firm products. Melitz, Mayer, and Ottaviano (2014) built a theoretical
model in which tougher competition increase productivity by shifting down the entire
distribution of markups across products and inducing firms to skew their sales toward
their better performing products. They also found empirical support for this competitive
effect from the data on French exporters. Feenstra and Ma (2008) and Eckel and Neary
(2010) examine product line decisions of multi-product firms, and showed an effect of
competition can improve firms’ productivity by dropping their worst performing
products.

The presence of competition may encourage innovation and innovation can be
one of the most important ways to achieve productivity improvement. For example,
Cameron (2003) examines data from UK manufacturing firms and finds that a 1%
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increase in R&D (closely related to innovation) raised TFP by 0.2 to 0.3%. Geroski
(1990) looked at 4378 major innovations in the UK between 1945 and 1983, and found
evidence against the hypothesis that increases in competitive rivalry decrease
innovativeness. Blundell, Griffith, Van Reenen (1995) studied relationship between
competition and innovation based on 375 firms listed on the London International Stock
Exchange between 1972 and 1982, and found that dominant firms tend to innovate more
and that industry concentration weakens innovative activity. Griffiths, Harrison and
Simpson (2010) looked at the effect of the introduction of the Single Market
Programme in Europe in the early 1990s on innovation and productivity. They find that
measures to reduce internal non-tariff barriers to trade and open up competition did
have the effect of increasing product market competition. This, in turn, spurred
innovation. They also examined industry-level effects, and find that the Single Market
Programme increased R&D intensity by 1.2% in the UK metal products industry, which
was associated with a 0.7 percentage point increase in TFP growth.

The relationship between competition and innovation seems non-monotone.
Although nearly all studies indicated a positive relationship between competition and
innovation, Aghion et al. (2005) found an evidence of an inverted-U shape relationship
between competition and innovation based on UK data. Where competition in a market
is not intense, an increase in the level of competition will tend to stimulate innovative
activities But, beyond a certain point, further increases in competition may have adverse
effects on innovation. Correa and Ornaghi (2014) take approach similar to Aghion et al.
(2005) and examine the relationship between competition and innovation by using US
manufacturing data. They found a positive relationship between competition and
innovation, rather than an inverted-U shape. Patent counts, TFP and labor productivity

are all positively correlated with the degree of competition. They conclude that when
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there are well-defined intellectual property rights in a market, increases in competition
will generally lead to greater levels of innovation which in turn leads to higher levels of

productivity.

2.2.2 Competition and Quality Upgrade
2.2.2.1 Theoretical Analysis

In response to entry or intensified competition, firms often adjust the quality
of their products in order to survive. Theoretical studies focus on investigating how
firms alter their products in response to intensive market competition and such studies
have found an ambiguous relationship between competition and quality adjust. This is
because of competition likely affects firms’ incentives of quality upgrade in opposing
ways. On the one hand, competition has a positive direct effect. In a more competitive
environment, firms have an incentive to increase quality in order to attract consumers.
On the other hand, it has a negative indirect effect on quality, because intensive
competition decreases firms’ profitable margins and may undermine firms’ incentives to
invest in quality. The overall impact of increased competition on quality upgrade then
depends on the relative strength of these two opposing forces, which is highly sensitive
to model specifications.

In a seminal paper on firm’s choice of vertically differentiated product quality,
Mussa and Rosen (1978) considered a monopolist facing privately informed consumers
with heterogeneity in their willingness to pay for quality. In order to use this consumer
heterogeneity to maximize its profits, the monopolist designs a product line which
offers a range of products at different qualities with different prices, and then lets
consumers choose themselves. The main insight is that quality provision can be

distorted. More specifically, a firm may offer inefficiently low qualities for consumers
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with lower valuation for quality in order to reduce substitution possibilities of
consumers with higher valuation for quality and to extract more surpluses.

A large theoretical literature on optimal product quality decision extended the
model of Mussa and Rosen (1978) by considering multiple product, multi-dimensional
consumer types or competition. For example, Gal-Or (1983) extended Mussa and
Rosen’s model to an oligopoly case. In the model, she explored how the change in the
number of firms, as a measure of the intensity of competition, affects firms’ equilibrium
choice of price and quality. She demonstrated that competition tends to decrease the
average level of quality in equilibrium. Ma and Burgess (1993) considered a case in
which firms may use both quality and price to compete for customers in imperfectly
competitive markets. They show that firms’ incentives to invest in quality can be
undermined by the prospect of triggering fierce price competition rivals. However,
when prices are fixed and then firms can only choose quality to attract consumers, the
potential margin reducing effect of competition disappears. That is, the absence of price
competition can help adjust the distorting effect of quality competition.

Itoh (1983) considered a discrete number of products in the Mussa-Rosen
framework and analyzes the effects on product prices and qualities of introducing new
products. One important insight of this work is that the introduction of a new product
has no effect on the optimal price of lower quality products and has an effect of
indeterminate sign on the optimal price of higher quality products offered by the same
firm. Moreover, he studied a special case where consumer’s willingness to pay for
marginal increases in product quality is uniformly distributed and showed that
introducing a new product has no effect on the price of all other products from the same
firm in this case. Itoh’s model implicitly used an upgrades approach, which views

higher product qualities as a base quality plus a series of quality upgrades in the range
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and then each upgrade can be associated to a price premium.

This upgrades approach was pioneered by Johnson and Myatt (2003). They
emphasized that upgrades approach is useful in analyzing product quality and pricing
choices of multiply product firms in monopoly and Cournot duopoly cases. Utilizing
this approach, they studied the effects of competition on multiproduct firm’s product
quality decisions by considering the product quality choices as a response of an
incumbent to entry by another multiproduct firm. In their model, a single firm enters a
market originally dominated by a monopolist. Each of the duopolists then offers a range
of quality-differentiated products and competes in quantities. As a response to new
entrant, the incumbent either offers “fighting brands” by expanding their product line
into a lower quality product with a lower price, or engages in “line pruning” by
eliminating a range of product qualities. Their major result is that whether the
incumbent will choose to expand or contract its product qualities depends on the shape
of the marginal revenue curves in the market. When marginal revenue is decreasing,
competitor’s entry induces a restriction in the output of the incumbent’s low-quality
products and as a result leads to incumbent’s exit from the lower qualities product
markets. On the other hand, when marginal revenue is increasing, incumbent’s optimal
response to competitor’s entry will be introducing lower quality products and expand

into lower quality product markets.

2.2.2.2 Empirical Analysis

Theoretical predictions about the effect of competition on quality adjustment
are not unambiguous, and they are an interesting empirical question. In fact, empirical
research found that changes in competition levels can have positive or negative effects
on quality depending on the particularity of markets under consideration. Intensified
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competition can cause quality levels to rise if firms decide to compete in quality
attributes, or to fall if price competition leads to a reduction in quality as production
costs are cut. Therefore, we usually need rely on empirical work to determine how
quality will change in response to varying degrees of competition in most particular
markets.

There are some empirical studies that documented a positive effect of
competition on product quality. In particular, such studies found that increasing product
variety quality is a common strategy in response to entry in some particular markets.
For example, Geroski (1995) reports some case studies where the incumbents introduce
new products which they had been holding back. Smiley (1988) shows that 26% of the
established firms choose to respond by increasing their product variety in the US
manufacturing. Matsa (2010) studied the effect of competition on firm’s incentive to
provide product quality in US supermarket. He reported that how incumbents adjusted
their inventories in response to entry of Wal-Mart stores and found that chain stores
tended to respond to Wal-mart’s entry by improving the quality of their products.
Bennett et al. (2013) examined empirically whether more competition among New
York’s vehicle emissions testing centers led to a lower quality. They found that
competition among these emissions testing centers can induce firms to increase quality
for their customers in ways that are both illegal and socially costly.

Other empirical studies reported negative effects of competition on product
quality. McMaster (1995) investigated how the quality of health care services in the
U.K changes when competition is intensified among health care providers. They found
that the quality worsens when competitive bidding was introduced. Becker and
Milbourn (2011) looked at corporate bond and issuer ratings between the mid-1990s
and mid-2000s and concluded that increased competition among the ratings agencies
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reduced rating quality. They indicated that competition most likely weakens
reputational incentives for providing quality in the ratings industry and, thereby,
undermines their quality. Fan and Yang (2016) studied how a change in competition
affects the number of product offerings in the U.S. smart phone market. They showed
that a reduction in competition as a result of a merger decreases both the number and
variety of products.

In some markets, results in the relationship between quality and competition
are mixed. For example, in the airline industry, empirical studies report both positive
and negative effects. Rose (1990) investigated the competition on firms’ incentives to
provide high quality services in the US airlines industry by using airline incident data.
One result from this work is that that increased competition will erode firm profits, and
this is indeed correlated with declines in safety and quality. However, Dunn (2008)
reported an opposed effect of competition on quality in the same airline industry. He
provides evidence that a firm is more likely to start a high-quality service in response to
entry if the firm has an existing low-quality service in the market.

Several empirical studies try to identify factors for the conflicting results
about competition’s effect on quality. For example, in hospital services markets,
empirical studies presented how competition affects quality depends on price regulation,
which is consistent with theoretical conclusions. Under a regulated price regime,
empirical evidence shows that competition improves quality. Gaynor and Town (2011)
detected significant improvements in mortality and reductions in the average length of
stay without changes after introducing competition in the UK health system in 2006.
Bijlsma et al. (2010) found that in the Dutch hospital sector after implementing
pro-competitive reforms, competition between hospitals put pressure on profits margins
and force hospitals to pay more attention to quality as well as to improve quality
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indicators. On the other hand, the evidence is mixed without price regulation. Kessler
and McClellan (2000) examined the quality of US hospital services and show that
quality is significantly lower in markets that are more concentrated. Vogt and Town
reviewed ten studies about the effect of competition on quality of US hospital services
and concluded that quality declines when hospital market concentration increases.
However, Sohn and Rathouz (2008) reported the mortality was lower for hospitals that
faced more competition.

Seim and Viard (2011) study how entry into US cellular phone markets
affects the number of calling plans offered by each incumbent firm. They reported that
when the initial number of firms is small in a local market, entry reduces the number of
calling plans offered by incumbents. However, when the initial number of firms is large,
incumbent firms increase the number of calling plans.

Furthermore, based on the theoretical prediction that competition increases
quality in market where price competition is absent, some empirical study tries to
investigate how competition change product quality by controlling for the effect of
competition on price. Manez-Castillejo (1999) investigates the intensity of price
competition across the quality gradient in the UK supermarkets. He found that price
competition is weaker for higher quality branded products and stronger for lower
quality branded products. Deltas et al. (2010) found results by using personal computer
price data in the BuyDirect market. They indicated that price competition is stronger for

lower quality computers than for high quality computers.

2.2.3 Physical Productivity and Revenue Productivity
Productivity is commonly defined as a ratio of output to input. The output

could be the products produced or services rendered, and the input includes the
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resources used to produce the output. There are many different approaches to measuring
productivity. To list a few, total factor productivity (TFP), multi factor productivity
(MFP) and labor productivity (LP) are such measurements, which differ in terms of the
categories of included input. Most economists prefer the TFP measures since it is the
most comprehensive of possible productivity statistics.

The basic definition of total factor productivity is the rate of transformation of
total input into total output. Two main approaches to measure this productivity have
been used in empirical research: physical productivity (TFPQ) and revenue productivity
(TFPR). Revenue productivity approach measures the output in financial value (e.g.,
Value added, sales) whereas physical productivity approach measures the output in
physical units (e.g.,, number of customers served, number of product). TFPQ
measurement is ideal because it reflects the physical effectiveness and efficiency of a
production, and it is not affected by price fluctuations. However, data on physical units
of outputs and inputs are hardly available for empirical research. Because of data
availability, TFPR is commonly used as productivity indicator in past studies, but this
way of measuring is sometimes problematic. For example, Foster et al. (2008) argue
that a higher revenue productivity may not imply higher technologically efficient if
prices reflect demand shifts or market power variation rather than quality or production

efficiency differences.

2.2.3.1 Physics Productivity Measurement
The physics productivity (TFPQ) is based on quantities of physical outputs.
According to Foster et al. (2008), physical productivity of goods i can be simply

expressed as

TFPQ; = 3 = @, |

Xj
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where q; denote the quantity of good i, x; and w; is the input and the technical
efficiency level respectively. From the equation, we can see clearly that the TFPQ
should not be affected by the price of the output or input. It simply shows the rate of
transformation of input to a quantity of output, and equals the producer’s true technical
efficiency of goods i.

Since the physical productivity reflects the true efficiency of transformation,
this is an ideal productivity measurement when we are interested in examining technical
efficiency or cost changes realized, or comparing efficiency differences between two
firms. However, it has several difficulties when we apply it to empirical works. First,
Diewert and Nakamura (2007) indicated that the information on output in quantities is
typically unavailable to the researcher, especially in the industry or nation level. Second,
it is difficult to make comparison with others. To be meaningfully interpreted,
productivity measures usually need to be placed in a comparative context. However,
Beveren (2012) discussed that firm’s physics productivity is difficult to aggregate into
industry level if firms produce multiple products within the same industry, because the
unit which used to measure output is quite distinct and is nonsense to compare to others.
Therefore, physics productivity can be problematic when we try to compare with

different firms and industries.

2.2.3.2 Revenue Productivity Measurement
The revenue productivity (TFPR) is based on an amount of monetary output,
such as value-added and sales which are commonly used. Revenue productivity of
goods i can be formally expressed as
TFPR, = p:(qi = piw;

i

where p; is the price of goods i. The equation shows clearly that the TFPR; positively
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correlates with true productivity w; and includes the effect of price. If we have the
information about p;, then we can make a connection between revenue productivity and
true productivity w;, as well as convert one into the other. However, the information on
firm-level output price is usually unavailable in empirical work.

Empirical work typically uses revenue productivity measurement simply
because of its convenience. First, it is easy to collect data, because information needed
for estimating this TFP measure can be found in firm’s financial report directly. Second,
it is convenient to compare with different output. Beveren (2012) discussed that since
revenue based output is measured in monetary units, it allows the aggregation of
different output, and then can be easily compared through firms and industries which
produce different output.

Although revenue productivity measurement is a widely used approach of
measuring productivity, there are several problems in using it, especially when we use
micro data. First, as the equation above shows, its measurement is potentially distorted
by price effects. Foster et al. (2008) pointed out that revenue productivity is not able to
cleanly measure the true efficiency. This is simply because revenue productivity is
basically measured by a monetary unit of outputs, and then contains price components.
Second, TFPR approach cannot tell us whether a productivity change is due to technical
improvement, change in market structures, taste changes of consumers and so forth.
While the TFPR is positively correlated with true productivity, Foster et al. (2008)
discussed that it captures a mixture of demand and supply effects and fails to capture the
real productivity change. Changes in prices can be caused by demand-side factors like
consumers’ willingness to pay rather than supply-side factor such as cost savings, and
then the high productivity firm may not be particularly efficient. For example, firms can
have a high TFPR levels because they are efficient, but this can also be driven by high
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price resulting from a producer-specific demand. Moreover, Beveren (2012) explained
that a bias in estimated TFPR may arise when we use firm-level output data without the
information on firm-level output price in empirical work. In the absence of information
on firm-level prices, industry-level price indices are usually applied in traditional
production function estimates. However, if the firm-level prices is different from the
industry-level price, it will lead to a biased estimation of that particular firm’s output for
a given inputs, and hence result in a bias of the real productivity.

These difficulties do not mean that researchers should choose using measures
of physical-based compared to revenue-based. TFPR measures have the advantage that
they reflect profitability factors beyond TFPQ. That is, in general TFPR measures
reflect both technology and demand factors. Since both factors are likely important for
firm growth, it is useful to capture both when we interesting in studying the relationship

between profitability and evolution of firms.

2.2.3.3 Distinction between TFPR and TFPQ

The physical productivity approach and revenue productivity approach are
different in output measures, and have pros and cons when they are used in empirical
work. Therefore understanding distinctions of these measurements and how empirical
results correspond to these distinctions becomes important.

Foster et al. (2008) investigated differences between revenue-based and
physical output measure of productivity by using both standard micro data and rare
quantity data. They found that the correlation between the revenue-based productivity
and the physical-based productivity is 0.75. But, revenue-based measure may not be
able to estimate the real technical efficiency consistently because price effects cannot be

ignored. They compare the impacts of revenue-based productivity measure and
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physical-based productivity measure on selection and productivity growth in industries.
An important result from their research is that within industry productivity dispersion
observed in physical-based productivity measure is more dispersed than that in
revenue-based productivity measure, and they explained that this differences arise from
physical productivity is negatively correlated with firm-level prices while revenue
productivity is positively correlated with price.

The differences between TFPQ and TFPR also have been highlighted by
Hsieh and Klenow (2009, 2014). Under some specific assumptions about the functional
forms of the demand and the production functions which are different than Foster et al.
(2008), they showed that there will be no dispersion in TFPR in an economy without
distortions, even if there is dispersion in TFPQ. Their argument is that the observed
TFPR dispersion must partly reflect distortions. This result shows the importance of
distinguishing between TFPQ and TFPR.

Foster et al. (2008) argued that by distinguishing between TFPQ measures and
TFPR measures, one can distinguish and understand the impact of demand side factors
and supply side factors for the evolution of firms. They decomposed the prices into
technology and demand fundamentals, and show that the fact that firms with lower
revenue productivity are more likely exit is due to lower demand rather than lower
technical efficiency. They suggest that the demand variations across firms are the
dominant factor in firm survival in fact. Eslava et al. (2004) investigated and the role of
demand side factors on productivity growth using Colombian data, and suggests that
both the demand side differences and the TFPQ differences are important to the
differences in firm size and firm growth, but the former are even more important. This is
consistent with the result from Foster et al. (2008).

A number of studies have utilized firm-level price data in order to understand
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the relevance of these two measurements as well as to explore insights by distinguishing
these two measurements. For example, using Colombian data, Eslava et al. (2013)
decomposed revenue into the price and quantity components by using firm-level prices,
and estimated the physical-based productivity. They reported that the correlation
between the revenue-based productivity and the physical-based productivity is 0.69,
which is close to the number reported in Foster et al. (2008). They also found that high
levels of dispersion in revenue-based productivity and physical-based productivity
within industries, and that dispersion in TFPQ exceeds that of TFPR.

Many studies have already noted potential limitations on revenue-based
productivity measures as well before the study by Foster et al. (2008), and provided
alternative methods that attempt to overcome these difficulties arising from unavailable
firm-level price data. Abbott (1992) pointed out the extent of price dispersion within
industries, and outlines possible limitation for revenue productivity measurement
aggregation. Klette and Griliches (1996) and Mairesse and Jaumandreu (2005)
considered how within industry price fluctuations affect production function and as a
result to affect revenue productivity estimates. Melitz (2000) and Loecker (2005) have
extended these analyses to multi-product producers and factor price variation. Katayama,
Lu, and Tybout (2003) argued that technical efficiency or product quality can be very
misleading by revenue-based output measures, and developed an alternative approach of
inferring the quantities, qualities and prices of each goods from the observed revenues

and expenditures.

2.3 Model
The main purpose of this section is to lay out the model proposed by Johnson

and Myatt (2003) in order to understand a mechanism through which the distribution of
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consumers’ taste parameters and firms’ productivity jointly determine optimal supply of
products with different quality as an equilibrium outcome. In section 2.4, this basic
model is extended to allow for new entry and the extended model provides novel

insights regarding effects of new entry on measured productivity.

2.3.1 Consumers

I consider a model where each consumer purchases one unit of a product from
a set of n different qualities of the product. These n different qualities of the product are
differentiated vertically in the sense that all consumers agree to order these n types of
the product from the highest quality to the lowest quality. For convenience, let g;
denotes the j-th quality level of the product, and assume that q; < q, < - < qp.

Consumers have a different taste over quality of the product, and their utility
from the product depends on a quality of the product and its price. Formally, consumer
i’s utility from the purchase of the product with quality q; is specified as

vi; = 0;9; — pj , (2-1)

where 6; is consumer i’s taste parameter, and p; is a price of the product with quality
gj. The marginal valuation of quality increases with 6 so that this utility function
satisfies the single-crossing property. The taste parameter 6 is distributed according to
a distribution function F.

Given that a consumer’s utility is normalized to zero when she does not
purchase the product at all, the consumer with 9, is indifferent between buying the q,
quality product and not buying any types of product, where 8, satisfies 6;q; = p;.
Similarly, the consumer with @,- is indifferent between buying q; quality product and
buying q;-, quality product, where @1- satisfies 0;(q; — q;—1) = p; — pi_;. Denoting a
demand for q; quality product by z;, I can write
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0 =1—20 2 - (2-2)

Figure 2.1 shows a relationship between 6 and z graphically.

Figure 2.1

A fraction of “potential” buyers of the product with quality q; is given by
EReizic = 1= F[(pj = pi-1)/ (a5 — qj-1)] - (2-3)
Using equation (2-3) and defining qo = po = 0, an inverse demand function of g;

quality product is written as

Pj — Pi—1 = (4 — qj-1)H(Z) (2-4)
where

Zj = Yk=jZk » (2-5)
and

H(Z) =F*(1-1) for Z; € (0,1) . (2-6)

The cumulative variable Z; is interpreted as the total demand at quality q; and above.
Equation (2-4) suggests that a price of quality upgrade from q;_; to qj is p; — pj—1
and the price of upgrade depends only on the cumulative variable Z;. A benefit of this
approach is that I do not need to pay attention to how Z; consists of from each z;.

The product with quality g; is in positive supply in an equilibrium if Z; —

Ziy1 >0, and it is in zero supply if Z; —Z;,; = 0. If g; is the minimum quality in
positive supply, | have the 7, = Z; for k < j. Using this fact and p; = ¥._, (p; — pi_1)

I must have

p; = H(Z;)q; . (2-7)
37



Chapter 2.

Equations (2-4) and (2-7) characterize the demand system for different qualities of the

product.

2.3.2 Firms

This section examines a firm’s optimal choice of product supply. I consider a
case where there are M firms in this industry and these firms compete through the
quantity of the product supplied to the market. Let us assume that there is a constant
marginal cost, c;, of providing quality q; product.

Firm m chooses (zm1, .+ Zmn) SO as to maximize its profit M™ =
2i=1Zm, (p]- — cm,]-). Using equation (2-7), the maximization problem of firm m can be
formulated as

Max YL Zm;[ (a5 — j-1)H(ZkE1 Ziej) — (Cmj = Cmj-1)]
subjectto Zpy; < Zp;—, foreach j .
This formulation greatly simplifies the optimization problem since | do not need to
consider how each of (Zm,li s Zmn ) iIs combined to maximize the profit.
Differentiating the objective function with respect to each Z,;, | obtain first

order conditions for this optimization problem as

H(ZMo 1 Ziy) + ZiH' (TR Zg ) =2 % ’ (2-8)

with equality if Z;,; <Zp;_4.
Define a “marginal” productivity index as

_ %mj~Cm,j-1
Ompi=—"" . 2-9
m,] qj_qj—l ( )

When wy,; increases with j, the inequality that Zp ; < Z;,;_; is guaranteed under
regularity conditions. Therefore, equation (2-8) holds with equality:

H(ZM Zi)) + ZiH (T Z5) = 0oy - (2-10)
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In this case, a firm provides all levels of qualities of products, (Zm,l' o Zmn ) On the
other hand, when ®,; decreases with j, | must have Zp,; =Z;,;_; forany j. The firm
therefore provides only the highest quality of product, zp, .

To proceed further, | assume that o, increases with j for all m so that
equation (2-10) holds for any j and m. As in the Cournot model, a Nash equilibrium
consists of (Zi,,..,Z1y, -+»Zy1,--, Ly ) that satisfy a system of equation (2-10).
Once | obtain (Z1,..,Z1n, o os Zp1s- -5 Zyn), | Can derive an equilibrium supply of

each firm, (z14,..,Z1 -, ZM 1> Zyp), frOM equation (2-5).

2.3.3 Relationship between Cost and Conventional Productivity Measures
To see how wy,; is related to the conventional productivity measure, | write
the revenue of firm m from the j-th quality product as
Rmj =z jH(Zke1 Zi ) dm,j

by using equation (2-7). Combining it with the first-order condition (2-10), | have

Rinj = Zinjm, (@ — ZinH'(ZNL1 Ziy)) (2-11)
Equation (2-11) shows that the value-added approach is problematic when | am
interested in measuring cost changes (i.e., physical productivity changes) realized by
productivity improvement.! A change in R; can be caused by demand, even if w; is
held constant. For example, an introduction of a new product may cause a change in
market share, and this result in changing R;, even though there is no change in physical
productivity w;. Similarly, equation (2-11) also implies that productivity improvements
can affect the measurement R; through a change in Z;. Overall, the value-added
approach captures a mixture of demand change and cost change, and cannot isolate w;

from other factors.

! In this discussion, we assume that material costs are negligible in the sector.
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2.4 Entry of Higher Quality Product

| extend the basic model by allowing firms to produce a new product whose
quality is higher than the highest quality of exiting products. In this case, a new cutoff
6,41 emerges and consumers with taste parameter 8,,, and above are willing to buy
the higher quality product q,,,; instead of the product with quality q,. Figure 2.2

shows the new relationship between 6 and z graphically.

Figure 2.2
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The introduction of such a new product can influence revenues of all the
existing products through two channels, and as a result affects revenue productivity.
One channel is that the supply of existing products is optimally readjusted. Since there
are some consumers who switch to the new product, this leads to a decrease in the
demand for all the existing products, and lowers the revenue of the existing products.
The other channel is that such a new entry may also bring technology advancement to
the industry, and may improve productivity of all the existing products through spillover
effects. Such physical productivity improvement increases revenues of the existing
products, and affects their revenue productivity. There is no change in physical
productivity, but revenue productivity changes in the former case whereas in both
physical productivity and revenue productivity change in the latter case. In this section,
I distinguish changes in physical productivity and revenue productivity and | analyze

sources of changes in revenue productivity when new entry occurs.
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2.4.1 Pre-Entry Equilibrium

In this section, | derive pre-entry equilibrium outcomes by assuming that
consumer’s taste parameter is distributed uniformly in order to obtain sharper
theoretical insights. As mentioned in 2.3.1, ; is the taste parameter of consumer j and
can be written as

~

i for j=1,2,..,n .

To proceed, assume that consumer’s taste parameter 6 is uniform distribution. Then the

density function is given by

1 for0<6<1
0 otherwise

£(0) = {
and the cumulative density function is
F(0) =6 for 0<06<1.
Using F(60), | obtain the function of H(:) as
H(Zﬂzj z) =F1(1- k=i 7)) =1- Yk=j Zk for Y-z« € (0,1) .

The expression for H'(-) can be obtained by using the fact that

H’(Zﬂzj Zk) — _ f( 1

and then I have H'(Xf-z) = —1 .
Substituting the expression of H(-) and H'(-) into the first order condition
(2-10) yields
(1= Zkey) = (Bkez) = o - (2-12)

The total demand at quality q; and above is given by
* n * 1-w;j .
Z] = Zk=j Zy = % for] = 1, RS 0 U (2'13)
and the equilibrium supply of product j can be obtained as

* * Wj —Wj 3

. Z]._Z].H:% forj=1,..,n—1

z = L o _ . (2-14)
Zk=j2k=T forj=n
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From the equation (2-14), we can see that the equilibrium supply at quality q; is only
influenced by the difference in productivity between q; and g;.;, and it does not
depend on the product at other quality level.
Combining the equilibrium supply (2-13) with the first order condition (2-12),
the firm’s revenue from the j-th quality of the product is given by
w j forj=1,..,n—1
Rj = Z]-*H(ZE=]- z;;)q,- = 2 . (2-15)

(1-wj)(1+w;)) ]_ forj = n
2

Since the demand and supply of the product at quality j only depend on the productivity
of product at quality j and j+1, the firm revenue from product j then is only affected by

the productivity of itself and its upgrade product.

2.4.2 Post-Entry Equilibrium

This section allows a firm to enter the market by offering a new product, and
derives pre-entry equilibrium outcomes regarding the supply of existing and new
products and their revenues. Here, the quality of the new product q,., is higher than
that of all existing products, q; for j=1,2,...,n. Let Z; and w;" denote new demand
and productivity of product at quality level j, respectively, after such an entry takes
place.

Then, a new equilibrium can be obtained by taking similar steps as outlined in

section 2.4.1. The new demand of product at quality q; and above is given by

!

4= Sita =5t forj=L.n+1, (2-16

and the new equilibrium supply is given by

*! * I _ (*)j+1’_(*)j’ s
s Ly —1j, = - forj=1,..,n 217)
j = ! : -
Yhiint = Y forj=n+1

2

Similarly, the new firm revenue from the j-th quality of product becomes
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(“’j+1’_®j’)(1+‘”i’)

R)f" = 2
j ! N
(o) (avey) )2(1+w] )q]- forj=n+1

q; forj=1,..,n
(2-18)

2.4.3 Entry Effects with Constant Productivity

| first consider a simple case where the entry of the product with quality gn+1
does not influence the physical productivity of the existing products, so only a market
share change effect exists after the entry. Therefore, | assume constant
productivity w; = w;" so that the entry effect arising from demand changes is isolated
from the effect of physical productivity changes.

Figure 2.3 shows the relationship between 6 and z before and after an

introducing a new higher quality product with constant productivity improvement

graphically.
Figure 2.3
6, 06, 6, 61 By
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Combing this constant productivity condition and taking the difference
between equilibrium supply before and after the introduction of the product with quality

On+1 , @ change in the equilibrium supply is given by

0 forj=1,..,n—1
wpe1 -1 .
Azj'zz]*'—zj*z{ % forj =n . (2-19)
\ O forj=n+1

2
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As explained in section 2.4.1, the equilibrium supply of product j at quality level below
the highest quality before entry depends only on its own productivity w; and its
upgrade productivity wj.q.

For the product with quality q, that was the highest quality level before this

entry, the equation (2-19) shows that z}' —z: < 0 when H”T““> 0. Note that

!
1-wn41

is the equilibrium supply of the new highest quality product. Then the equation

(2-19) implies that as long as this new product is supplied to the market, the supply of
the product with quality q,, will decrease. Since the equilibrium supply of product at
quality level below q,, will not change under the constant productivity assumption, the
introduction of the new highest quality product q,.; only takes a market share away
from the ex-highest quality product q,. This insight is very similar to the insight we can

obtain from the idea of limiting price (Holmes and Schmitz, 1990).
Proposition 2-1. If physical productivities of existing products do not improve after
entry, the supply of highest quality product before entry decrease, and the supply of

other existing products keep constant.

A change in firm revenue from the j-th quality product can be expressed as

0 forj=1,..,n—1
, (wjr1-1)(1+w;) .
AR =R'-Ri={ — — —q forj=n . (2-20)
k (1_(‘0j+1)2(1+mj+1) q]'+1 fOl"] =n+ 1

Equation (2-20) shows clearly that the introduction of the new highest quality product
will not influence the revenue of the product at quality below the quality n because there
is no demand and supply change in these products as long as physical productivity does

not change at all. For the product with quality q,,, a part of consumers switch to the new
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highest quality product, and this leads to a loss of a market share as well as a loss of

firm revenue.

Proposition 2-2. If physical productivities of existing products do not improve after new
entry, the revenue from the ex-highest quality product, q,, decreases, and the revenues

from other existing products remain constant.

2.4.4 Entry Effects with Limited Productivity Improvement

In this section, | relax the assumption that physical productivity is unaffected
by the introduction of a new product. | begin my analysis by assuming that the
introduction of the new highest quality product q,.,; affects only the physical
productivity of the ex-highest quality product q,. This case is called a limited
productivity improvement case. Figure 2.4 illustrates the relationship between 6 and
z before and after introducing the product with quality q,4; in the limited productivity

improvement case.

Figure 2.4
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2.4.4.1 Equilibrium with Limited Productivity Improvement

Consider the limited productivity improvement case in which w,’ — w, < 0
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holds. I will demonstrate how the equilibrium supply and firm revenue from the product
with q, has been influenced in the limited productivity case.
By subtracting equation (2-14) from equation (2-17), | get a change in

equilibrium supply of all the existing products as following:

( A~ * ! * wn’_wn
|AZy_1 = Zpq —Zp_q = >
! !
~ ’ [ —wp' )—-(1-wyq) -
AZHZZ?:l —Zgz( nti1 rzl) n 1 (2 21)
LA’Z\—n -n-1 — 0

where AZ_, _,—, Iis the supply change of the existing products except the products n
and n-1. Equation (2-21) indicates that the supply of the quality n product and its the
quality n-1 product will change whereas the supply of other existing products remain
constant. It follows from equilibrium supply equation (2-14) that the supply of the j
quality product only depends on the physical productivity of itself and the physical
productivity of the j+1 product. Therefore, physical productivity improvement of the

quality n product only influences the supply of itself and the quality n-1 product.

wp' —wp

Since | assume that w,’ — w, < 0, it holds thatZ,_, = < 0. That is,

the supply of the n-1 quality product decreases. This is a business steal effect. More
specifically, the productivity improvement of the n quality product is translated into a
lower price than before, and consequently consumers are attracted to this product more
than the n-1 quality product. This decreases the demand for the n-1 quality product, and
its market share drops. However, a change in the supply of the n quality product is
ambiguous. The productivity improvement of the n quality product works for increasing
its demand by taking the market share away from the n-1 quality product, but its market
share can also be taken away by the n+1 quality product. Therefore, the supply of the n
quality product may decrease or increase depending on the magnitudes of these two
opposing effects.
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I now turn to investigating entry effects on revenues of the products. Using
the revenue equations (2-15) and (2-18), | have a change in the firm revenue from all

the existing products:

! _ (mn’_wn)(1+mn—1)

Aﬁn—l =Rhp1 —Rpr = 2 n-1
—op")(1+wy')-(1-wp) (1 +wy) ) (2_22)
2 an

AR, = Ry’ — Ry, = (@nn
R

(0n'—0n)(1+wn—1)
2

We can see that AR,_; = < 0, because w," — w, < 0. That is, the

revenue of the n-1 quality product decreases because of the business stealing effects |
mentioned above.

As in the supply case, however, a change in the revenue of the n quality
product is not clear. The productivity improvement increases its supply and thus will
raise the revenue, but its market share can also decrease due to the introduction of the
n+1 quality product and this will reduce the revenue. If the revenue increase arising
from productivity improvement exceeds the revenue decrease resulting from the market
share loss, the revenue from the n quality product will increase. The revenue will
decrease when the situation above is reversed. The revenue from other existing products
remains constant because there is no change in demand for and supply of those
products.

In sum, when the introduction of the new highest quality product brings
physical product improvement to the n quality product, the entry effect on product
revenue is negative for the n-1 quality product, ambiguous for the n quality product, and

zero for the product whose quality is below n-1.

2.4.4.2 Relationship between Physical Productivity and Revenue Productivity

In this section, based on the theoretical analysis above, | examine how
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physical productivity is related to the revenue productivity that is frequently used as
conventional measures of productivity. In so doing, specify a change in w; as physical
productivity improvement, and a change in revenue R; as revenue productivity
improvement.

| first decompose the entry effect on product supply into direct entry effects
through market share change and indirect entry effect through productivity

improvement. Notice that the equation (2-21) can be rewritten as

fAin_l =0+ ““’2‘““ <0
IAfz\n — (wn+21’_1) + (wn—zwn’) . (2-23)
\A2_pg =040

The first term of the right hands captures the supply changes when physical productivity
is unaffected by the introduction of the n+1 quality product (See equation (2-19)). Since
| assume the limited productivity improvement, the second term captures the entry
effect on product supply arising only from the productivity improvement of the n
quality product. That is, the first term explains the direct entry effect on supply, and the
second is the indirect entry effect through physical productivity improvement on supply.

As showed above, there is a negative entry effect on the supply of n-1 quality
product. The direct entry effect on the supply is zero because the market share of n-1
quality product is not affected. But the indirect entry effect on its supply is negative
because its market share is affected by the productivity improvement of the n quality
product.

The entry effect on the n quality product is more complicated. On the one
hand, the direct entry effect of market share change is negative. On the other hand, the
indirect entry effect arising from productivity improvement on product supply is

positive.
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Proposition 2-3. When new product only impacts the physical productivity of the
ex-highest quality product, direct effects (i.e., business stealing effects) are zero for the
products whose quality is n-1 or below, and is negative for the n-quality product.
Indirect effects (i.e., limited productivity improvement) are zero for the products whose
quality is n-2 or below, negative for the n-1 quality product, and positive for the

n-quality product.

Similarly, the entry effect on product revenues can also be decomposed into
direct entry effects through market share change and indirect entry effect through

limited productivity improvement. The equation (2-22) can be rewritten as

{ =3 (wn,_wn)(l"'mnfl)
| AR, = O+f n—1 <0

o (o)) | (oron)[(mon ) Horter)] 2-24
AR, = > q, t+ 5 q, ( )

LAR_H,_H_1 =0+0
where the first term of the right hand side is the revenue changes when productivity is
held constant. The second term expresses the indirect entry effect on product revenue
only arising from limited productivity improvement.

The first term of equation (2-24) is either 0 or negative. The revenue will
remain constant or decrease when physical productivity is held constant. This suggests
that a change in the revenue productivity R,, can be negative even if there is no change
in physical productivity w,,.

Now, consider the second term of the indirect entry effect. For the n-1 quality
product, the second term of equation (2-24) is negative since | assumed w," — w, < 0.
This means the productivity improvement of the n quality product leads to a decrease in
the revenue of the n-1 quality product. For the n quality product, a change in its

revenue is not clear. The productivity improvement increases its supply and thus will
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raise the revenue, but its market share can also decrease.

Proposition 2-4. When new product only impacts the physical productivity of the
ex-highest quality product, direct effects on a change in revenue (i.e., business stealing
effects) are zero for the products whose quality is n-1 or below, and negative for the
n-quality product. Indirect effects on a change in revenue (i.e., limited productivity
improvement) are zero for the products whose quality is n-2 or below, negative for the

n-1 quality product, and positive for the n-quality product.

The equation (2-24) also indicates that the revenue productivity measures the
physical productivity precisely for the products whose quality is n-2 or below because a
change in their revenues coincides with a change in their physical productivity. For the
n-1 quality product, however, revenue productivity underestimates a change in its
physical productivity. For the n quality product, it is possible that revenue productivity

underestimates or overestimates a change in its physical productivity.

2.4.4.3 ldentification of Change in Physical Productivity

In this section, | propose a simple and novel approach of estimating physical
productivity changes by using quantity data only about the existing products based on
the model outlined above. Equation (2-21) suggests that a change in the supply of the
quality n product can be rewritten as

Dy = (o) (on0n)

Notice that HDT““ is the supply of the quality n+1 product AZ,,,. A physical

productivity change of the n quality product becomes
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Aw, = 0, — 0, = =242, — 242, (2-25)

It follows from equation (2-21) that a change in the supply of the quality n-1 is given by

!
PN _ Wp —Wp
AZn—l - 2

The physical productivity change of the n quality product can be also expressed as

Aw, = =202, — 202, = 2A%,_,

Therefore, |1 can measure a physical productivity change if the data about quantity of the

quality n-1 product are available before and after the entry takes place.

Proposition 2-5. When new product only impacts the physical productivity of the

ex-highest quality product, this physical productivity improvement is proportional to the

supply change of the n-1 quality product.

2.4.5 Equilibrium with Productivity Improvement
In this section, | relax the limited productivity improvement assumption by

assuming that the market introduction of the new highest quality improves all the

existing products’ physical productivity through spillover. Figure 2.5 depicts the

relationship between 6 and z before and after introducing the n+1 quality product when

this product introduction improves all the existing products’ physical productivity.

Figure 2.5

Before | | |
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2.4.5.1 Equilibrium with Productivity Improvement

Assume that the market introduction of the n+1 quality product can improve
all the existing product’s physical productivity, and that the inequalities Aw; = w;" —
w; <0 and |Awjsq1| > |Aw;| hold. These inequalities imply that the productivity
improvement effect becomes weaker as the quality level goes down from n, n-1, to 1. |
first show how such an entry influences the equilibrium supply and revenue of existing
products.

It follows from equations (2-14) and (2-17) that changes in the equilibrium

supply of all the existing products are given by

(‘Dj+1’—(1)j+1)_ (wj’_(”j) if ]
AZ: = Z-*, — 7 = 2
J J J (wj41"=1)—(w;'-w))

2

(2-26)

if j=n

The equations show that a change in the supply of the quality j product depends on the
difference in the extent of productivity improvement between itself and the j+1 quality
product.

| obtain AZ; = (@41 “”i+12)— Oy < 0 for j=1,..., n-1 under the assumption

that |Awjy1| > |Aw;|. In other words, the supply of the product whose quality is n-1 or
below will decrease, and the magnitude of this supply change becomes smaller as the
quality level lowers. The improvement on physical productivity causes its price to fall,
and this price fall is greater as the quality is higher. Consumers who are willing to buy
an upgrade product are more than the consumers who shift from a downgrade product
and as a result, the supply of these products decreases.

For the good with quality q,, the equilibrium supply change AZ, =

(0)1"0)1)‘ (600’—0)0)
2

< 0 can be calculated from the total demand before and after the new

higher quality entry in a similar way. Notice that the firms do not produce this q
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quality goods, and the consumers with taste parameter 8, do not buy any types of
product. Therefore, the equilibrium supply change AZ, implies the change on the
amount of consumers who do not buy at all. The physical productivity improvement
leads to a decrease in the price of q; quality product, and then some consumers who
did not purchase any product are now willing to buy the q; quality product. Therefore,
the amount of consumers who choose to buy nothing becomes smaller, and this also
means more consumers choose to purchase product when the new entry can improve all
existing products’ physical productivity.

However, the supply of the n quality product may increase or decrease,
depending on the magnitude of two opposing forces. The productivity improvement
lowers its price, and this leads to an expansion of its supply by stealing a market share
of the lower quality products but some consumers now switch to the n+1 quality
product.

Next, | examine the entry effect on product revenues. Using the revenue

equations (2-15) and (2-18), changes in revenue from each product can be written as

R , ("31‘+1'“”1’,)(1+°°iIz_(wi—l_wj)(1+wj) q; ifj=1,..,n—1
AR =R — R = Y - (&2t
) =R j (wj41' 00" ) (1+0;") - (1-w;)(1+w;) q if j=n (@20

2

Equation (2-27) shows that the effects on revenues are the same as those on the supply

of products.

2.4.5.2 Relationship between Physical Productivity and Revenue Productivity

In this section, I will do the same decomposition exercise as in Section 2.4.4.2,
but it is assumed this time that the market introduction of a new product has positive
impacts on all the existing products from quality 1 to quality n.

Note that the equation (2-26) can be rewritten as
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0+ (®j+1'—00j+12)— (w;'-wy)
AZ; =
) (0j41'-1) | (wj-w;)
2 2

<0 ifj=1,..,n—1
(2-28)

if j=n

Again, the first term on the right hand side of equation (2-28) is the supply changes
when productivity change is held constant, and the direct entry effect on a change in
supply (i.e., business stealing effects). The second term captures the indirect entry effect
on supply arising from physical productivity improvement.

For the product whose quality is n-1 or below, the direct entry effect on
supply is zero. On the other hand, the indirect effect on supply is negative and becomes
weaker as the quality level goes down along with quality ladder because of the
assumption that |Awj;| > |Aw;|. In other words, the n+1 quality product cannot attract
consumers who previously bought such products unless there is physical product
improvement, but it increases physical productivity of the existing products and its
increment becomes larger for higher quality products. As a result, the product whose
quality is below n loses its market share.

(wj41'-1)

The direct effect on the n quality product is .

and negative whereas

(wj~wj)

the indirect effect is and positive. The overall effect depends on the magnitude

of these two terms and thus is uncertain. Intuitively, the new product with quality n+1
reduces the market share for the n quality product because a part of consumers are
willing to switch to the new product. On the other hand, physical productivity
improvement reduces production cost and leads to expand its market share by stealing a

market share of the lower quality products.

Proposition 2-6. When entry impacts all products’ physical productivity, direct effects

on a change in supply (i.e., business stealing effects) are zero for the products whose
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quality is n-1 or below, and negative for the n-quality product. Indirect effects on a
change in supply (i.e., productivity improvement) are negative for the products whose
quality is n-1 or below and the magnitude becomes smaller as the quality ladder goes

down from n-1to 1. They are positive for the n-quality product.

Similarly, the entry effect on firm revenue from existing products can also be
decomposed into direct substitution effect and indirect productivity improvement effect.

Rewrite the equation (2-27) as

> q; <0 ifi=1,..,n—1

(@j+1'-1)(1+;) + (@j=0)(1-wju1 )+ (@ +w;")] q ifj = n
2 2

A (2-29)

{0 + (ooj+1’—mj+1)—(u>j’—wj)+(u)j+1’—wj’)u)j’—(wj+1—wj)wj
R =
]

The logic behind this result is the same as the one | discussed above about a

change in the supply of different quality products.

Proposition 2-7. When entry impacts all products’ physical productivity, direct effects
on a change in revenue (i.e., business stealing effects) are zero for the products whose
quality is n-1 or below, and negative for the n-quality product. Indirect effects on a
change in revenue (i.e., productivity improvement) are negative for the products whose
quality is n-1 or below and the magnitude becomes smaller as the quality ladder goes

down from n-1to 1. They are positive for the n-quality product.

2.4.5.3 Identification of Change in Physical Productivity

In this section, | explain how to estimate physical productivity changes by
using quantity data only about the existing products when entry impacts productivity of
all the existing products. The method I explain below is fundamentally the same as the

one | discussed in Section 2.4.4.3.

55



Chapter 2.

It follows from equation (2-26) that the supply change of the quality n product

IS given by

A%, = (‘*)n+;’_1) _ (‘”nlz_‘*)n)

The physical productivity change of the quality n product is
Aw, = 0, — w, = —2A%,,1 — 247, . (2-30)
Using the equation (2-26), | have

(mn’_mn) _ (mn—ll_wn—l)
2 2

A7y 4 =
Combining this equation with equation (2-30), | obtain the physical productivity change
of the n-1 quality product as

Awp_1 = Wy_q — Wp_q = —202,41 — 202, — 202, .
Similarly, I can apply the same procedure to obtain the physical productivity change of
the product with quality level n-2, n-3, and so on. Finally, | obtain the physical
productivity change of the j quality product as

Aw; = wj' — wj = —23RE A7) (2-31)
Thus, the physical productivity change of all existing products can be estimated using

this equation when quantity data are available,

Proposition 2-8. When entry can impact all products’ physical productivity, the
physical productivity improvement is proportional to the supply change of itself and

above.

2.5 Result Summary
The theoretical model connects the new entry, and fundamental parameters of
both firms and consumers, and then allows me to separate the technical improvement

effect of entry from business stealing effect. | showed the changes in product supply and
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revenue after an entry and decompose it into terms arising from direct product
substitution and arising from indirect productivity improvement in section 2.4. Based on
the insights from the theoretical analysis explained above, this section summarizes the
results of how a higher quality product entry affects supply of existing products and
firm revenue, as well as the relationship between the revenue productivity change and

physical productivity improvement.

2.5.1 Direct Entry Effect

The direct entry effect is an effect arising from substitution of higher quality
product (i.e., business stealing effect) and it reflects an impact from demand side. When
a new higher quality product is introduced to a market, a part of consumers are willing
to buy the new product instead of existing products, and this leads to a loss of market
share for existing products. Firms then have to adjust its supply in order to respond to
this demand reduction, and finally change its revenue. | conclude the direct entry effect

on product supply and firm revenue in the following proposition.

Proposition 2-9. The entry effect on supply and revenue arising from business stealing
effects is negative for the ex-highest quality product, and is zero for other existing

products.

The direct entry effect exists even in the absence of productivity improvement
of existing product. This is exactly the case of entry effect under constant productivity
assumption as explained in section 2.4.3. In the absence of physical productivity
improvement, introducing a new higher quality product can only reduce the supply and
revenue of ex-highest quality product and do not affect those of other existing products.
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When a new product with a higher quality is marketed, a part of consumers who choose
the ex-highest quality product are willing to switch to the new product. This results in a
loss of market share, and finally reduces the supply and revenue of this ex-highest
quality product. However, the new higher quality product cannot attract consumers who
choose quality level under ex-highest quality, and cannot steal a market share from
those products as well as affect revenue of those products. Therefore, when facing new
higher quality competitors, the ex-highest quality product will lose its market share and

revenue unless it improves its productivity.

2.5.2 Indirect Entry Effect

The indirect entry effect explains an effect arising only from physical
productivity improvement. When a new higher quality product is intoroduced to a
market, it may also bring technical improvement to existing products. This productivity
improvement may reduce the production cost of existing products, and may lead to an
expansion of market share as well as an increase in firm revenue. | summarize this

indirect entry effect on product supply and firm revenue as the following proposition.

Proposition 2-10. The entry effect on supply and revenue arising from productivity
improvement is positive for the ex-highest quality product, and is 0 or negative for other

existing products.

If the productivity of existing products has improved after the new higher
quality product enters, such productivity improvement expands the supply and increases
the revenue of the ex-highest quality product. The physical productivity improvement

can reduces its production costs and leads to an increase in demand by stealing a market
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share from its downgrade quality products. On the other hand, the other existing
products will lose their market share and revenue as long as their upgrade product’s
productivity improved. Productivity improvement of an existing product can lower its
production cost and expand its demand by taking the market share away from its
downgrade product, but its market share can also be taken away by its upgrade product.
As a result, the supply and revenue of an existing product under the ex-highest quality
may decrease or increase depending on the magnitudes of these two opposite effects.
Intuitively, the effect of entry on technical improvement becomes weaker as the quality
level far from the new product’s quality level. That is, the productivity improves more
as the quality goes up. Therefore, for each existing product except the ex-highest quality
product, consumers who switch to its upgrade product are more than the consumers who
shift from its downgrade product, and results in reductions of supply as well as revenue.

Therefore, when a new higher quality product has spillover effects on the
physical productivity of all products, only the ex-highest quality product can expand
demand as well as raise the revenue. Moreover, although the ex-highest quality product
suffers from a negative business stealing effect of entry on revenue, it is the only

product that has a change to obtain a revenue gain in total.

2.5.3 Relationship between Revenue Productivity and Physical Productivity

The theoretical framework of this study allows me to decompose the entry
effect on revenue change into direct effect and the indirect effect arising from
productivity improvement. Based on this decomposition, | explicitly show a link
between the revenue productivity change and physical productivity and find the

relationship between them as following:
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Proposition 2-11. Revenue productivity captures a change arising from both demand
factor and physical productivity improvement, and it varies even if physical productivity

is kept constant.

Under the physical productivity constant assumption in section 2.4.3, the firm
revenue of the ex-highest quality product changes because the effects of a loss in a
marker share outweigh the effects of its physical productivity improvement. This
implies that when a new product with higher quality is introduced to a market, revenue
productivity of the ex-highest quality product varies even though there is no physical
productivity change, and this implies that the revenue productivity measurement may
fail to capture such a change in the real physical productivity.

When a new product can only impact a part of existing product’s physical
productivity, as | showed in section 2.4.4, such productivity improvement affects not
only the revenue of productivity improved product, but also the revenue of its
downgrade products. That is, the revenue of an existing product may be affected a
change in a physical productivity improvement of its upgrade products, rather than a
physical productivity improvement of itself. As a result, even if its physical productivity
remains unchanged, a product’s revenue productivity may change because of other
product’s productivity improvement, and the revenue productivity measurement may
fail to capture a physical productivity change arising only from itself.

When new product can impact all existing products’ physical productivity, the
analysis in section 2.4.5 showed that the revenue change of existing product relies not
only on the demand side factor such as business stealing effect, but also on the physical
productivity improvement of itself and other products. The physical productivity
improvement of itself helps to reduce production costs and leads to a revenue gain, but
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other product’s physical productivity improvement reduces its market share and leads to
a revenue loss. Since the revenue productivity depends on the magnitude of these two
forces, it can be lower or even have an opposite direction comparing with physical
productivity. The revenue productivity measurement captures a mixture of business
stealing effect and physical productivity effect, and thus cannot isolate its real physical
productivity change from other factors.

Therefore, when a new product is introduced to a market, the revenue
productivity improvement captures a mixture of changes steming from both business
stealing effect and technical productivity effect. Then the real physical productivity
improvement can be underestimated if we use the revenue productivity approach. | also
showed that the real physical productivity improvement is proportional to the supply
change of itself and goods with higher quality, and can be identified precisely by using

the supply change data.

2.6 Conclusion of Chapter 2

In this analysis, | built a theoretical model that includes competition,
consumption and production in order to examine the entry effect on firm productivity.
Although many extant studies have examined how new entry affects product quality
choices, this chapter examined how new entry by offering the highest quality product
affects firm’s measured productivity by taking both demand and supply factors into
account. Based on the insights from the theoretical model, | decompose the effect of
offering a new product on supply and revenue into technical improvement effect and
other demand factors, and this allows me to separate physical productivity from revenue
productivity cleanly.

It is important to distinguish physical productivity and revenue productivity
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when examining entry effect on productivity of incumbent firms and industry level. The
revenue productivity measurement tends to capture a change arising from both technical
improvement and demand side factors, and then cannot distinguish whether an observed
productivity change is due to technical improvement or a change in market structure.
This can be very problematic when we are interested in comparing technical efficiency
of new entrants and incumbent firms or examining the spillover effects of new entrants
on incumbent firms. The separation of revenue productivity from physical productivity
allows us to identify the determination of an observed productivity change accurately,
and then helps to understand fundamental economic issues about entry effect such as

spillover effect clearly.
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Chapter 3.

Resources Misallocation and Regional

Productivity Difference

3.1 Introduction of Chapter 3

Why are some regions richer than others? Why some regions that were poor
in the past are now getting richer? Empirical research on economic growth started using
firm-level micro-data to advance our understanding of sources of economic growth.
Among many important factors for economic growth, resource misallocation has
recently attracted a lot of attention from economic researchers (e.g., Hsieh and Klenow
2009, Midrigan and Xu 2014). One of the stylized facts from this line of research is that
developed countries like the United States of America attain a higher level of the
aggregate productivity because of more efficient resource allocation than developing
countries like China and India. The resource misallocation literature has mainly focused
on differences in productivity across countries, but there are not many studies that
empirically investigate regional differences in productivity within a country arising
from resource misallocation.

In this chapter, | use the Chinese manufacturing data to examine regional
productivity differences due to resource misallocation. In particular, | estimate
productivity losses from resource misallocation as well as potential gains from efficient
resource allocation, and closely examine sources of productivity differences in two
Chinese major cities, Beijing and Shanghai. The method of estimating productivity loss

has been proposed by Hsieh and Klenow (2009) and is easily implementable, but it
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assumes constant returns to scale. However, it has been widely known that production
technology in China does not exhibit constant returns to scale. It may sound innocuous
to maintain the constant returns to scale assumption, but Gong and Hu (2016) raise the
concern that resource misallocation tends to be over-estimated when production
technology is decreasing or increasing returns to scale. This is because variation in
physical productivity across firms is added to the misallocation measure when
production technology does not exhibit constant returns to scale. In the estimation of
this study, | estimate productivity losses by dropping the constant returns to scale
assumption in addition to using the estimation method of Hsieh and Klenow (2009). I
also decompose productivity losses into the one arising from capital misallocation and
the one from labor misallocation. This decomposition helps us to understand which
resource misallocation needs to be corrected in order to improve an aggregate
productivity. Moreover, in order to examine the reliability of productivity loss from HK
approach, I construct an alternative approach for measuring such aggregate TFP losses
arising from resource misallocation based on the model in Midrigan and Xu (2014).
Their original model focused on how capital misallocation impact aggregate TFP, but |
add labor misallocation in this model and also provide simple estimation methodology
when firm-level data is available.

The main findings from this study are summarized as follows. First, there is a
difference in productivity losses between Beijing and Shanghai. The average aggregate
productivity loss of Beijing from resource misallocation is larger than that of Shanghai,
implying that resource allocation is more efficient in Shanghai than in Beijing. There is
indeed a regional productivity difference due to resource misallocation. Second, the
estimation result of this study indicates that the aggregate productivity level of Beijing
will significantly improve when resources are allocated to the efficient level. While
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Hsieh and Klenow (2009) estimate the productivity gain from correcting resource
misallocation to be around 100 for the whole Chinese economy, the average estimated
productivity gain of this study is 113 percent for Beijing and 67 percent for Shanghai.
The productivity gain of Beijing is similar to the national average in magnitude whereas
the productivity gain of Shanghai is much lower than the national average. Again, this
result indicates that there is variation in the degree of resource misallocation across
regions. Finally, the estimation result of this study shows that capital misallocation is
more severe in Beijing than labor misallocation. This indicates that some frictions exist
in Beijing’s capital markets.

The rest of chapter is organized as follows. In section 3.2, | briefly review the
literature about resource misallocation effect on productivity by focusing on empirical
findings relevant to this research. In section 3.3, | outline the model proposed by Hsieh
and Klenow (2009) and the extended model that relaxes the constant returns to scale
assumption. In section 3.4, | present an alternative approach of measuring productivity
losses based on Midrigan and Xu (2014). This approach takes dynamic aspects of firm
decisions into account to capture the labor misallocation effect on aggregate TFP.
Section 3.5 describes the data and construction of research variables. In section 3.6, |
present the estimation results of TFP and resources misallocation, and analyze their

differences between Beijing and Shanghai. Section 3.7 concludes.

3.2 Brief Literature Review

As the growth of input resources slows down, more efficient resource
allocations become critical to develop the economic growth in China. Product and input
resource market distortions liberalized in the process of economic transformation have

promoted the aggregate productivity growth to some extent, for example, the migration

65



Chapter 3.

of labor from lower productive region to higher productive region. However, there
remain some barriers that hinder the further population movement across regions or
even within a region, such as the Hukou system. Past studies have attributed the
remaining resources distortions to such factors as interregional trade barriers (Holz,
2009), capital market (Boyreau-Debray and Wei, 2004) local protectionism (Young,
2000) and size restriction (Guner et al., 2008).

All these market impediments in China spread the dispersions in labor and
capital productivity across firms, and therefore results in lower levels of firm output and
finally show up in the lower aggregate productivity in a region. In this chapter, |
examine how the input resource distortions affect the aggregate productivity and
whether a different pattern of input resource distortions leads to a gap in aggregate
productivity. This study helps identify the sources and the extent of resource market
distortions and suggest policy directions to improve economic efficiency.

Many literatures have stressed the importance of input market allocation
across firms as a determinant of aggregate productivity. For example, Restuccia and
Rogerson (2008) considered a version of the neoclassical growth model where firms
face idiosyncratic policy distortions. The policy they considered can be levying taxes or
providing subsidies to output or the capital and labor. Policy distortions are found to
have considerable effects on the aggregate output and the measured TFP for the U.S.
Hsieh and Klenow (2009) constructed a standard model of monopolistic competition to
demonstrate that idiosyncratic distortions in capital and labor markets lower aggregate
TFP. They estimated resource distortions from the residuals in first-order conditions
following Chari, Kehoe and McGrattan (2007), and provide gquantitative evidence of the
impact of resource misallocation on aggregate manufacturing TFP in China, India and
the U.S. Amaral and Quintin (2010) have examined the relationship of financial
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constraints and aggregate TFP, and they suggest that firms cannot optimize the amount
of capital when they face financial constraints and this reduces aggregate TFP. Eslava et
al. (2013) have studied the impact of trade liberalization on input market allocation as
well as on labor productivity by using Colombian data, and they suggest that trade
liberalization is a source of input market misallocation and labor productivity change in
Columbia.

Hsieh and Klenow (2009) made a rigid assumption of constant returns to scale
production function in their monopolistic competition model. However, this assumption
is debatable, because direct estimates or related studies of firm-level value-added
production functions such as Atkeson, Khan, and Ohanian (1996), Pavcnik (2002) and
Guner, Ventura, and Xu (2008), all point to a decreasing returns production function.
The production function estimation from this study also results in a decrease returns
production function, which is consistent with those literatures. In fact, the assumption of
constant returns to scale production function can lead to a substantial misestimate in
market distortions and TFP when the firms’ production function do not exhibit constant

returns in data.

3.3 HK Approach Extension to Measure the Misallocation

In this section | present the model in which a link between aggregate
productivity and resource misallocation arises from the existence of distortions
regarding the optimal allocation of input factors at the firm-level. The basic framework
developed in Hsieh and Klenow (2009) (HK hereafter) is adopted, but I also outline the
extend model proposed by Gong and Hu (2016) who relax the assumption of constant
returns to scale. Many studies have also showed that the output elasticities of inputs of

Chinese firms are typically different from those of U.S. firms and the production
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function is not likely to exhibit constant returns to scale in most Chinese firms. For
example, Feenstra et al. (2014) estimated Chinese manufacturing factor elasticities and
showed that the average output elasticity of capital is 0.278 and the average output
elasticity of labor is 0.399. This extension is thus crucial for empirical analysis of this
chapter because | am able to estimate resource misallocation in China more precisely.
The purpose of this section is to set up a framework that guides my empirical analysis,

and | do not intend to make any original contributions here.

3.3.1 Theoretical Framework
Assume that an economy has a single final good Y produced by a
representative firm in a perfectly competitive final output market. This firm combines
the output Ys of S industries in the economy using a Cobb-Douglas production
technology:
Y=TI3_,Y5 where ¥5_,05=1 . (3-1)
Cost minimization implies that industry shares 65 are given by

05 = % , where P = ngl(g—z)es , (3-2)
where Ps is the price of industry gross output Ys, and P is the price of the final good.
The final good Y is assumed to be the numeraire so that | can set P = 1.

In each industry, gross output Ys is a CES aggregate of Mg numbers of

differentiated products and is expressed as

c—1 ﬁ
Ms v o
Ys = <Zi=51 Ysi > 1 (3-3)
where Yg; represents the gross output of firm i and o measures the elasticity of

substitution between varieties of differentiated goods. The assumptions of free entry and

monopolistic competition at the industry level imply the inverse demand equations for
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each product produced by firm i are given by

1

s ﬁ S
PSi - PS (Ysi)
Firms differ in their efficiency levels, and | also assume that firms face different output

and input prices. At the firm level, the production function for each differentiated

product is given by a Cobb-Douglas function:

Yo = AgKELS | (3-4)
where Ag;, Kg; and Lg; represent firm i’s total factor productivity, capital stock, labor
inputs, respectively. The parameters o5 and f are the output elasticities of capital and
labor. 1 assume that the sum of o, and B, is not necessary to be 1. That is, the firm i
can have increasing, decreasing or constant returns to scale of production technology.
Moreover, note that factor shares can vary across industries but not across firms within
the same industry.

Since there are two factors of production, it is possible that firms face two
types of distortions: a capital distortion and a labor distortion. | denote the distortions
that increase the marginal product of capital relative to an output distortion that changes
the marginal product of capital and labor by the same proportion as the capital
distortion tx s;. For example, txs; will be low if firms are able to access to cheap
credit, but will be high if firms cannot use such credit and then have to pay a high
interest. Similarly, let 1, 5; denote labor distortions that increase the marginal product
of labor relative to output distortion. For example, 1 g; is expected to be low for firms
that benefit from government subsidies on employment, however to be high for that
firms that do not have right to use these subsidies and face higher labor costs.
Combining these definitions of distortions and production function (3-4), firm’s profit

maximum problems are given by
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max{ns; = Pg;Ys; — (1 + 1p,51)oLg; — (1 + 1k s1)RKs;} (3-5)
where ® and R stand for the price of labor input and capital input respectively. If the
distortions do not exist, all firms will face the same wage and capital input price. Note
that equation (3-5) expresses the distortions in terms of capital and labor relative to the
output distortion. Then, in the model, an output distortion will show up as a lower
capital and labor distortions.

The first order condition from the firm’s profit maximization implies
1 :(__psl'[l_(as"'ﬁs)]
PSi = (PsY§> "

where ¢ = [i — (o5 + BS)]

—9g

(L)(WBS) (a_RS)aS (%S)ﬁs A1 +1gs) "L +ms) "~ , (3-6)

c—1

-1

I can also get the capital-labor ratio, labor allocation, capital allocation and output

respectively:

o T R T (3-7)
K-“;[A-'(1+ NI ) 7Ps] ]
S T LS T)si) (1+wsi) ] ; (3-8)
Lg; o mlw [ASi (A +s) ™ (L +ns)” S](Ps ; (3-9)
S0s
Ysi « [Asi (1 + TK,si)_as (14 TL’Si)_BS]G_l . (3-10)

It follows from equations (3-8) and (3-9) that allocation of resources across firms not
only depends on firm’s total factor productivity Ag;, but also on the capital and labor
distortions each firm faces. However, the equation (3-7) shows that the capital-labor
ratio is only affected by the extent of distortion of capital and labor, and is irrelevant
with firm’s production efficiency. Inefficient resources allocation will leads to
distortions that can result in differences in the marginal revenue product of capital and
labor across firms. The marginal revenue product of labor and capital for each firm i can

be obtained by differentiating the revenue function Ps;Ys;:
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6PiYi —1BPiYi_

MRPLg; = %SS =o-(1+1s)="—"" %SS ; (3-11)
oP iY i -1 P iY i

MRPKg; = %SS =R (1+ws)="—" “SK% . (3-12)

Equation (3-11) shows that the marginal revenue product of labor is a function of labor
distortion and wage rate o that is the labor input price without resource distortions.
Equation (3-12) similarly shows the marginal revenue product of capital is a function of
capital distortion and capital input price R under efficient resources allocation in input
markets. Moreover, under the assumptions, the after-tax marginal revenue products of
capital and labor are equalized across firms, which means that the before tax marginal
revenue product of capital and labor must be high for firms with some friction of access
to input markets and be low for firms with frictionless access to input markets.

In order to derive the relationship between the aggregate total factor
productivity and resource misallocation, the equilibrium allocation of resources across

industries is solved and it is given by

= yMs . _PsOs/MRPLs ;
LS - Zi:l LSI - L 2§=1BSGS/MRPLS (3 13)
=yMs g = K. "s0/MRPKs -
Ks =21 Ksi =K ¥3_,0s0s/MRPKs ' (3-14)

where the MRPLg and MRPKjg are the weighted average of the value of the marginal

product of labor and capital in industry S respectively, and can be expressed as

-1
MRPLs = © - (ZMS . ﬂ) | (3-15)

i=1 1+IL,Si PsYg
-1
MRPR . —nR.[vMs 1  Psi¥si )
MRPK; = R (zizlmm —PsYs> . (3-16)
Ls and Kg represent the equilibrium labor input and the capital input in industry S.
L=)3:_,Ls and K= )3_,Kg are the aggregate supply of labor and capital in an
economy. Because the aggregate supply of labor and capital in an economy is constant,

we can see from equations (3-13) and (3-14) that if the average values of the marginal
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product of labor and capital in industry S do not change, the equilibrium labor input and
the capital input will not change. I can then aggregate output as a function of Lg and

K and total factor productivity Ag:

Y = l’[g:l (AS . Kgs . L[;s)es .

3.3.2 Relationship between Resources Misallocation and Aggregate TFP Loss

So far the derivation process is similar to Hsieh & Klenow (2009), except
relaxing the assumption of constant returns to scale. In their paper, in order to measure
the output distortion, they introduce the definition of total factor quantity productivity
(TFPQ) and total factor revenue productivity (TFPR). TFPQ means how many units of
output can be produced by a firm from using one unit of mix of input factors, and can be
calculation by using a firm-specific price deflator. TFPR explains how much revenue
can be obtained from the same amount of input factors, and can be obtained by using an
industry deflator. Hsieh & Klenow (2009) use the variance of TFPR as a measure of
resources misallocation across firms, because the TFPR does not vary across firms
within the same industry unless firms face distortions in their model. That is, when
production function has constant returns to scale, the TFPR will not vary across firms if
the prices of labor input and capital input are equal within the industry, and the TFPR
will be different if the input prices vary result from the resources distortions. Therefore,
they stressed that the variance of TFPR can be used to measure the extent of resource
distortions, and showed that the industry aggregate TFP becomes lower as the
dispersion in TFPR across firms gets larger.

However, the variance of TFPR may not be an appropriate measure of
resources distortions anymore if production function does not exhibit constant returns to

scale. In our model which relaxed the assumption of constant returns to scale, using
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equation (3-11) and (3-12), we get the TFPR of firm i as

Ps
o-1 (Ps[l—((ls+[3 )]
“Agi ;

TFPRg; o (MRPK{ - MRPLS )
Ps
oc [(1 4 tiss) - (14 ) o A% ST (3-17)
From this equation, we can see the TFPR of firm i is proportional to its marginal
revenue products of capital MRPK and labor MRPL as well as its total factor
productivity A. Under the assumption of constant returns to scale, ¢_[1 — (os + )] =
0 and then TFPR only depends on firms capital distortion txs; and labor distortion
T.si- This is the case Hsieh and Klenow considered. However, if the production
function exhibits increasing or decreasing returns to scale, firm i’s TFPR can be affected
not only by the resource distortions txs; and tyg;, but also by its total factor
productivity Ag;. Since total factor productivity Ag; = TFPQ is different across firms,
the TFPR may just reflect a difference in total factor productivity even if resource
distortions do not exist at all. Therefore, the variance of TFPR may lead to an
overestimate of the extent of resource distortions, because it adds variation arising from
firm-level productivity differences. This is the main concern Gong and Hu (2016) raised
in their paper.

Instead of the variance of TFPR, Gong and Hu (2016) propose to use the
variance of MRPK and MRPL to evaluate the extent of resource distortions, and |
follow my empirical analysis below. We can see from equation (3-11) and (3-12) that
MRPK and MRPL do not vary across firms within the same industry when the firms do
not face resource distortions. However, when resource distortions exist, MRPK and
MRPL are positively related to the extent of distortions and are not affected by other
factors such as the firm’s TFPQ. Furthermore, compared to the variance of TFPR, using

the variance of MRPK and MRPL can help to distinguish the extent of capital distortion
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from the extent of labor distortion clearly and to understand the effect of each distortion
on industry aggregate TFP. The effect of each distortion can give us an important clue
about whether an economic policy aiming to raise industry aggregate TFP should target
towards labor misallocation or capital misallocation. Even in the case of constant
returns to scale, if the labor distortion correlates with the capital distortion, the variance
of TFPR will not be a simple geometric average of labor distortion and capital distortion
anymore, and then it is very difficult to identify the effect of each distortion and which
distortion is the main reason for the low TFP.

Now, I calculate the aggregate industry TFP in industry S. Since the output of

Bs

industry S can be expressed as Ys = TFPs - K¢5 - Lg’, combining the equation of L, K,

MRPK and MRPL above, the industry level TFP can be written as

1

TFPs = {211\151 [ASi . (MRPKS)‘XS (MRPLS)Bs]‘Ps}@ | (3-18)

MRPKg; MRPLg;

Equation (3-18) is the key equation | use for our empirical estimations. Also, from this
equation, we can see that when resources misallocation do not exist, the marginal
product of capital and labor were equalized across firms in industry S and the TFPg

then becomes to

TFPs = (X1, ASi‘Ps)é =As . (3-19)

This equation shows that if there are no resource distortions, the industry level TFPg
equals to the average TFPQ in industry S.

When A = TFPQ, MRPL and MRPK are jointly lognormally distributed, a

simple closed-form expression for the aggregate TFP:

o-1 o—1
1 o1 — as(l - BS) -var(InMRPKg;) + — Bs(1—as)
In TFPS = As - E . T . (ps ( ) o—1 ( ) . (3'20)
- var(InMRPLg;) + 2 (T) asBs - cov(InMRPKg;, INMRPL;)
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The negative effect of distortions on aggregate TFP can be summarized by the variance
of InMRPK and InMRPL, and the covariance between InMRPK and InMRPL. As
mentioned above, the variance of InMRPK and InMRPL indicate the extent of
distortion of capital and labor respectively. Then from equation (3-20), | find that the
industry level TFP becomes lower, when the variance of InMRPK and/or InMRPL
gets greater which means there is a greater distortion of capital and/or labor across firms.
Equation (3-20) also tells us, if a firm faces a greater distortion of capital (labor) within
industry, the marginal effect of labor (capital) distortion on industry level TFP will
increase. That is, compare to firms with low capital (labor) distortion, the increase in
labor (capital) distortion for firms with high capital (labor) distortion has a greater
negative effect on the industry level TFP. Therefore, the level TFP gets lower as the

covariance of InMRPK and InMRPL gets greater.

3.3.3 MRPL and MRPK Measures

To measure the effects of capital and labor misallocation, | need to calculate
firm specific resource distortions and total factor productivity (TFPQ). | proceed as
follows: First, | follow Levinsohn & Petrin (2003) approach to estimate the output
elasticities of capital ag and labor B by using real capital stock as the state variable,
labor input as freely variable and intermediate input as proxy variable. | choose the LP
approach because it correct the endogeneity problems in production function
estimations and also solve the problem of investment proxy may not smoothly respond
to the productivity shock which exist in Olley and Pakes (1996) approach.

Second, | need to set the parameter of capital price R and elasticity of
substitution o. | set the capital rent price to R = 10%. Therefore the actual price of
capital faced by firm i in industry S is given by (1 + rK_Si)R, and then differs from 10%
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when the capital distortion exist. In the model, from equation of marginal product of
input (3-11), (3-12), (3-15) and (3-16), we can know that the measure of resource
distortions do not depend on R. If I have set R incorrectly, it affects only the average of
marginal product of capital and labor, not the variance of marginal product of input
MRPL and MRPK. | set the elasticity of substitution between firm to o = 3. As
equation (3-20) shows, the gains from reallocation are increasing in o. Estimates of the
substitutability of competing manufactures in the trade and industrial organization
literatures such as Broda and Weinstein (2006) and Hendel and Nevo (2006) usually
range this value from three to ten. Since Hsieh and Klenow (2009) set this value to 3,
then it allows us to compare our estimation results to theirs.

Then, with the estimated os and B, as well as the parameter R and o, | am
able to calculate the resource distortions and productivity for each firm in each
country-year. Here, | follow the assumption of the substitution elasticity ¢ has no
impact on output elasticities in Hsieh and Klenow (2009). That is, the net profits show
up as payments to labor and capital pro rata in each industry. In calculating the capital

distortion, labor distortion and productivity (TFPQ), I use the following equations:

PsiYsi
T4 T8 = o R (3-21)
B PsiYs;j
Ltts = o, (3-22)
< 1
TFPQSI = ASI = K. " M , Where KS = M . (3_23)

S K (oLs)Ps Pg
Equation (3-23) describes the estimation of TFPQ for firm i. Since kg Is a scalar that
vary across industries, it do not affect the variance of output marginal product of capital
and labor within an industry. Then although | do not observe this kg, the aggregate TFP
gains from reallocation are not affected by it. Therefore, | set k; = 1 for each industry

S for simplicity. Using the equation (3-21) to (3-23), | can calculate the estimate
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of MRPKg;, MRPKs, MRPLg;, MRPLg and Aj.
Finally, on the basis of parameters and the plant data, equation (3-18) allows
us to estimate the aggregate TFP as well as to infer the aggregate TFP gains from

reallocation the capital and/or labor input.

3.4 Alternative Approach to Measure the Misallocation

Based on the model in Midrigan and Xu (2014), | construct and examine an
alternative approach for measuring resource misallocation arising from labor market
frictions or particular policies. In contrast to the approach by Hsieh and Klenow (2009)
and approach Gong and Hu (2016), this alternative approach put more emphasis on
dynamic aspects of firms’ decisions. | will compare the empirical results from HK
approach and this alternative approach, and examine whether these results are consistent

between the two different approaches.

3.4.1 Theoretical Framework
3.4.1.1 Setup

Assume that each firm has a stochastic production function using labor and
capital. The production technology is given by

Y, = exp(z + sp) (LK (3-24)

where Y, is the amount of output produced at time t, L, and K, are the amount of
labor and capital employed, respectively. The parameter z is a permanent of the
producer’s productivity, whereas s; IS a random variable that evolves over time
according to a finite-state Markov process with a transition matrix
QQ,1) = Pr(s+1 =jlsc = ).

In period t, profits are equal to
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My = peYy — Wil — 1Ky = F — g(Ly Le—1) (3-25)
where w, is wage rate, r, is rental price, and F is a fixed cost. The function g
captures costs arising from some friction of re-allocating labor forces.

In this setup, the Bellman equation is given by

pe@+)A-m(Legi-oyn _ wi' — K — F — g(L, L)

V(s,L) = maXxg ;' { +B Y V(s,L)Q(s,s)

} . (3-26)
3.4.1.2 Efficient Allocation
To compute an efficient allocation where g(L,L) = 0, first write the social

planner’s problem as

maxy, k. [y, €xp(z + s) (LK )i (3-27)
subject to

[y Lidi<T (3-28)

[ Kidi <K, (3-29)

where time subscript t is suppressed for simplifying our notation. The first order
conditions are given by

exp(z + s) M (LK) Lald KT = ), forany i€ M (3-30)
and

exp(z + s M (LYK )" (1 — ) LK = A, forany i € M. (3-31)

After some manipulations, | can get

L = (g)ﬁ (%)% exp (z+s;) forany ieM |, (3-32)
K; = (%)1%“ (%)1(’—_”“ exp (z+s;) forany ieM . (3-33)

These equations imply that

1 (1-o)n

L= (%)ﬁ (%) ™ [exp (z+spdi forany i€ M |,
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1 an

K= (g)l_” (%)rnfexp (z+sy)di forany ie M .

Substituting these into the production function, | obtain

— 1-n _ _

Y = [fieM exp(z + si)di] (LoKI—on | (3-34)
The aggregate TFP level under the efficient allocation is given by

Y
e —
TFP® = =iy

. l_n
= [fieM exp(z + Si)dl] . (3-35)
3.4.1.3 Distorted Allocation
When g(L,L) # 0, distortions arise in the allocation of labor across the firms.
The first order conditions can be derived as

petes0 -y (LK1 )11~ K~

ag(L; Ly av(s;, L '
=w+%—ﬁzsr%Q(s,s) , (3-36)
and
pe® sy (LK =1(1 — ) LIK;® = . (3-37)

The envelope theorem then implies

av(sL) _  og(L)L)
oL oL

Evaluating this at (s, L), I get

av(s'L) _  ag(L'L)
oL oL (3-38)
Substituting this equation (3-38) into the first order condition (3-36), | get
pe D0y (LK~ LT K}
_ 9g(Li L) 08(LiLi) ¢
=w+E L4 PR EHLQGs) (3-39)

where L; = L'(L;,s;) and Lj = L'(Ly,s;, s;). Define
_ N _ 9Lyl 28(LiLi) Ao
“i = H(Li) Si! Si) = (a—Lr) + BZS’(a—L,)Q(S ) S) y
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the first order-conditions are simplified as
anpYLit = w4+,
and
(1 —onpYiKi* =7 .

These first order conditions imply

or

b e

Substituting this back into (3-18) yields

_ A-0mp (zesp(1om) a—r>°m n
Kl - r € (1—u)(W+ui) i

which is

L [0
Ki= [(ﬂ)l_Om a“”np]l_n (W + ui)_l_jne(usi) .

r

Equation (3-42) implies

1
— 1— 1—an P o | |
= [(Ta) aannp] fiEM(W + Hi) 1-ng(z+si) dj |
Finally, I get
Ki = oxiK |

where

__on
(w+ui) 1—Tle(z+si)

Wi = o
Siem(W+iy) T-ne(#+si)di

Similarly, I have

(1-a)n

L = (ﬂ) @ +s)(1-) ((1—&)(w+ui)) .
! Wy ar 1
which is
1
_\@-an11y (1-0)n—-1
Li = I:(a(l_a)n_lnp) (%) ] " (W + l’ll) 1-n e(Z+Si)
This implies
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(3-40)

(3-41)

(3-42)

(3-43)

(3-44)

(3-45)

(3-46)

(3-47)
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where

(1-wn—-1
(W+“i) 1-n e(+5i)

oL = A=

- .
fiem(w+y) T elsiddi

Equations (3-44) and (3-47) together imply

=<l

= fiEM e@+s)(1-m) (mﬁimki_a)"di (LK) |
Therefore, | can write the level of TFP under the distorted allocation is
TFP = [ _,, e@D00 (¢ ok di

which can be written as

_a 1-Q-an
[fieM(W+pi) 1—ne(Z+Si)di]

TFP

(1-)n—-1 an
Siem(WHy;) 170 e(z+si)di]

Note that when . = 0, | have

e(z+si)

ki =0, = -
Ki Li fieM e(z+s)) gj

Hence, when . = 0, I recover the TFP level under the efficient allocation:

e(Z+Si)

fieweC s Vai

TFP = |. Me(2+si)(1—n)l
1€

3.4.1.4 Relationship between Efficient TFP and Distorted TFP

Using (3-35) and (3-51), the loss of TFP under misallocation is

Jiem(Wp,) TneSidi

ln di = [IiEM e(Z+Si) di]l_n.

on ]1—(1—0)ﬂ

1-m [
TFP losses = In [fieM eSi di] —1In

J-ieM(W"'“i) =

Substituting equation (3-40), I can rewrite it as

_om 1=(1=on
fiEMG—:) 1'“eSidi]

(1-o)n—-1 o
esidi]

1-n
TFP losses = In [fieM eSi di] —1In

fieM L;

(1-o)n—-1 o
Y; 1- s
-1 T eSidi
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(3-48)

(3-49)

(3-50)

(3-51)

(3-52)

(3-53)

(3-54)
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When s; and % are jointly normally distributed, equation (3-54) simplifies to

_ 1on-(-oar® Yi ]
TFP losses = s 1oy ar <log (Li)> , (3-55)

the TFP losses are proportional to the variance of output-labor ratio, i.e., labor
productivity. Dispersion in the labor productivity generates the losses of TFP. Note that
equation (3-54) or (3-55) hinges on the assumption that there is no market power, and
more importantly the assumption that there is no technological difference among firms
in the economy. This should be modified somehow when considering empirical

analysis.

3.4.2 Estimation Strategy
The first step is to estimate equation (3-55) from our data. In doing so, | need

to estimate parameters a and n. This can be done by using and estimating the
production function (3-24). Taking the logarithm of (3-24) from both sides yields

InY; = (1 —n)(z + s¢) + amInL; + (1 — e)ninK; .
Write this equation as

InYy, = B, + B,InLic + B, InKj¢ + @jc + &ic (3-56)
where B, =an, B, = (1 —o)n and ;= (1 —n)(z +s) —B,. | can recover the

parameter o from

P @
B, T 1-a
which implies
o=t (3-57)
By +B,

The parameter n can be recovered from
n=p+B, . (3-58)

In estimating equation (3-56), I can use the standard techniques of production function
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estimations such as OP approach or LP approach I discussed above.

3.5 Data and Methodology
3.5.1 Data Description

My data come from annual surveys of Chinese industrial firms for the period
1998-2005. The National Bureau of Statistics of China conducted the annual surveys
and gathered firm’s basic information such as the firm’s name, address, ownership, birth
year, etc., financial information such as revenue, total liabilities, export sales, tax, etc.
and product information such as main product, product type, sales of products, input, etc.
To be included in the surveys, firm’s annual sales must exceed 5 million yuan.” The
firm-level data cover industrial firms that increase in size from 165,118 firms in 1998 to
271.835 firms in 2005, and the annual increases rate is slightly less than10% on average.
The number of the firms in our data set is about 20% of all industrial firms in China, but
the total production quantity of these firms accounts for 95% of Chinese industrial
production quantity. For 1998-2003 and 2005, all aggregates from our data are identical
with the corresponding information from the Chinese Statistical Yearbook. In 2004 there
are small discrepancies: the value added aggregate and the sales aggregates are higher
than the variables reported in Yearbook.

The aggregate across firms in Beijing indicate that, the number of industrial
firms in Beijing increases from 4,497 to 6,300 over the 1998-2005 periods, or is about
2.5% of the total number of firms in the data set. On the other hand, the number of
industrial firms in Shanghai raises from 9,382 to 14,809 over the same period, nearly
twice as large as the number in Beijing. | have the detail information on these firms

including output, revenues, export, intermediate materials, employment, wage, capital

2 Five million yuan amounts to $600.000 roughly over this period.
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stock, birth year, ownership and industry classification, etc.

To calculate productivity growth, I need to link firms over time. A unique firm
IDs in our data allows us to do so, and nearly 80% of firms in a given year can be linked
to a firm in the previous year.®> Firms are dropped in our TFP growth calculations when
they do not appear in consecutive years. | also focus on manufacturing firms in order to
eliminate effects from industry differences and as a result firms in other industries are

excluded from our analysis.

3.5.2 Variable Construction
| follow the standard procedure to construct research variables for

productivity analysis.* The details of each variable are explained below.

A. Value Added

Real value added is constructed by subtracting real intermediate input and the
net of indirect taxes from the real output.

To calculate the real output, | deflate gross output reported in the data with the
Brandt, Van Biesebroeck and Zhang (2012) benchmark output deflator. They construct
these deflators using information from the 1998-2003 surveys, for which firms report
their output in both nominal and real prices, and two-digit ex-factory price index in the
2007 China Statistical Yearbook for 2004-2006.

Deflating intermediate input is calculated using the value of intermediate

input from the firm-level data and the Brandt, Van Biesebroeck and Zhang (2012)

® As Brandt et al. (2012) explain in detail, some firms received a new firm ID. To deal with such cases,
we used the program provided by Brandt et al. (2012).
* To construct most research variables, we use the programs provided Brandt, Van Biesebroeck and

Zhang (2012). See their paper and online appendix for the details.
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benchmark input deflators. Brandt, Van Biesebroeck and Zhang (2012) construct the
input deflator using the output deflators and information from the 2002 National

Input-Output table. These deflators are mainly at the 3-digit industry level.

B. Employment and Wage Payment

Total annual employment and wage payment for each firm are reported in this
firm-level data set. | calculate the labor input by using the wage payment rather than its
employment, because incomes per worker may vary more across firms result from
differences in hours worked and human capital per worker than result from worker
rents.

I can calculate the labor share as wage payment divided by real value added.
There is a slight decrease in the wage share in value added over the 1998-2005 period in
both aggregate of Beijing and Shanghai. The labor’s share of value added is only around
30% in Shanghai, and 33% in Beijing. However, the national income accounts indicate
a share of labor in all industrial firms that is between 55% and 60%. Although Hsieh
and Klenow (2009) inflate wage payment for all firms and compute a wage share to be
consistent with the national accounts, |1 do not make this adjustment in this chapter. |
conducted robustness check analysis and confirmed this difference does not affect our

main findings qualitatively.

C. Real Capital Stock

| do not have the information on the fixed investment of each firm, but the
value of each firm’s fixed capital stock at original purchase prices and capital stock at
original purchase prices less accumulated depreciation are reported in our data. Since

these book values are nominal, | have to convert them into real values in order to
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compare them across time and firms.

To construct the real capital stock in each year, | need the information on the
real annual investment for each firm. Our estimate of the real annual investment begins
with calculating the investment in the year which the firm first appears in our data. To
simplify the presentation, assume that it is 1998. | construct estimates of r,., the
average growth rate of nominal capital stock for each province and each industry over
period 1993-1998, using information from the 1993 annual enterprise survey. The
firm’s nominal capital stock in the year which it was established is then calculated by
dividing the nominal capital stock in 1998 by (1 + r,.)", where n is the age of the firm.
And the nominal capital stock in each year up through 1998 can be calculated as
multiplying the initial nominal capital stock by (1 + r,c)™, where m is the number of
years since the firm was established. Then, | estimate the nominal annual investment as
the change in nominal capital stock between years:

NIjt = NKj¢1 — NKy
For years after the year which the firm first appears, the nominal annual investment is
simply defined as the change in the firm’s nominal capital stock at original purchase
prices. The real annual investment is obtained by deflating the nominal investment with
the investment deflator for China constructed by Brandt and Rawski (2008).

The real capital stock is estimated using the perpetual inventory method with
geometric depreciation as

Kitr1 = (1 = 8)Kj + I¢
where 6 is the depreciation rate, and I;; is the real investment. | follow Brandt, Van

Biesebroeck and Zhang (2012) and set the depreciation rate at 6 = 0.09.
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3.6 Empirical Analysis
3.6.1 Summary Statistics

| first provide summary statistics on important research variables separately
for Beijing and Shanghai. The location of each firm in our data is identified by mainly
using information on the firm’s post-code. Table 3.1 reports the number of firms,
nominal value-added, sales, outputs, employment, and fixed assets. For the period
1998-2005, the total number of firms increases from 4497 to 6300 in Beijing, and from
9382 to 14809 in Shanghai. As a result, with the exceptions of total employment in
Beijing, these aggregate of variables reported in this table all increase from 1998 to
2005.

For Beijing, the total nominal output produced by industrial firms rises from
181.6 billion yuan in 1998 to 694.6 billion yuan in 2005. Its average growth rate stands
at over 20% annually. Beijing’s total employment decreases from 1.26 to 1.17 million
over the same period. On the other hand, for Shanghai, the total nominal industrial
output raises from 519.1 to 1576.7 billion yuan, or an average growth rate of 17.5% per
annum. Its total employment varies from 2.40 to 2.60 million, and increases only 1.5%
per annum on average over the period 1998-2005.

The level of nominal value-added per worker for industrial firms in Beijing
and Shanghai are higher than other areas of China. On average, the values of nominal
value-added per worker are approximately 84.7 in Beijing and 104.4 in Shanghai
between 1998 and 2005. The value is only around 60.8 in the whole of China over the
same period. | can find the following interesting pattern: The differences in annual
increase rate of nominal value-added per worker between Shanghai and Beijing is quite
small, but the level of nominal value-added per worker is always higher in Shanghai by
average 30% in any given year.
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Table 3.1: Summary Statistics

Beijing
Number of Net value of
Year Value added Sales Output Employment

firms fixed assets
1998 4497 52.50 191.32 181.65 1.26 133.75
1999 5225 58.45 209.26 200.00 1.24 137.70
2000 4572 72.27 269.11 256.54 1.13 151.72
2001 4356 75.12 300.69 290.88 1.08 157.18
2002 4551 84.04 318.28 317.35 1.08 159.12
2003 4017 101.25 388.51 380.99 1.01 162.89
2004 6871 151.88 561.61 573.33 1.14 237.71
2005 6300 167.74 727.90 694.61 1.17 259.04

Shanghai

Number Net value of

Year of firmms Value added Sales Output Employment fixed assets
1998 9382 132.71 519.62 519.12 2.40 262.15
1999 9323 154.17 547.23 545.29 2.19 301.28
2000 8574 168.72 642.97 620.45 2.05 338.31
2001 9762 198.84 721.30 700.39 2.08 348.15
2002 10057 213.19 797.66 774.06 2.09 365.70
2003 11098 283.29 1098.26 1034.28 2.20 387.51
2004 15766 371.21 1378.22 1396.81 2.61 474.27
2005 14809 412.17 1635.37 1576.75 2.60 522.65

Note: values are denoted in billion RMB and employment in millions of workers.

3.6.2 Production Function Estimation

In this section, | present estimate for output elasticities of capital o and
labor B, and examine whether | can maintain the assumption that the production
function exhibits constant returns to scale for Beijing and Shanghai firms.

Table 3.2 compares parameter estimates of o and B from Olley-Pakes

methodology and Levinsohn-Petrin (2003) methodology. | use the real investments and
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the real intermediate inputs as the proxy variable in LP estimate and OP estimate
respectively. For firms in Beijing, the output elasticity of capital and labor are 0.373 and
0.609 under the OP estimation, and are 0.313 and 0.201 under the LP estimation
respectively. On the other hand, for Shanghai firms, an estimate of output elasticity form
the OP method is 0.378 for capital and is 0.394 for labor whereas an estimate of output
elasticity form the LP method is 0.301 for capital inputs and is 0.192 for labor inputs.
The output elasticities of capital and labor are considerably higher from the OP
estimator than that from LP estimator. As pointed out by Levinsohn and Petrin (2003),
the use of investment as a proxy variable may be problematic as many firms have zero
investment. I found that about 50% firms’ real investment are zero in any given year in
this data, and this implies that there may be a large issue of estimating production
function using this data under Olley-Pakes methodology. Therefore, | follow the LP
estimation as the output elasticities of capital and labor in order to investigate the

resources misallocation as well as TFP losses in the rest analysis.

Table 3.2: Production Function Estimates: OP and LP Estimation Results

OP LP
Variable
Beijing Shanghai Beijing Shanghai
Capital (o) 0.373 0.378 0.313 0.301
(0.160)*** (0.020)*** (0.026)*** (0.153)***
Labor (B) 0.609 0.394 0.201 0.192
(0.151)*** (0.007)*** (0.010)*** (0.006)***

Note: Standard errors are in parentheses. Standard errors in OP model are bootstrapped using 250

replications. ***Significant at 1% level.

The original HK model assumed constant returns to scale. However,
according to my estimation results, the manufacturing industries exhibit decreasing

returns to scale on average in both Beijing and Shanghai. The Wald test result rejects the
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constant returns to scale hypothesis under the 1% significance level. This result is

consistent with Feenstra et al. (2014) and Gong and Hu (2016) who suggest that most

industries reveal decreasing returns to scale in China. Then, the original HK approach

may lead to a biased estimation of resources allocation, and the extension approach

presented in section 3.3 allows me to measure the efficiency of resource allocation in

Beijing and Shanghai more precisely.

3.6.3 TFPR and TFPQ Level and Dispersion

In this section, | investigate whether there is some difference in TFPQ level

and TFPR level between Beijing and Shanghai. In doing so, | calculate TFPQ levels and

TFPR levels for firms in Beijing and Shanghai by using the methodology described in

section 3.3.
Table 3.3: TFPQ in Beijing and Shanghai

Year Beijing Shanghai

Mean 25th 50th 75th Mean 25th 50th 75th
1998 6.697 5.514 6.891 7.991 7.486 6.614 7.530 8.478
1999 6.769 5.639 6.991 8.049 7.641 6.748 7.657 8.611
2000 6.949 5.905 7.202 8.283 7.794 6.919 7.802 8.759
2001 7.136 6.052 7.291 8.432 7.957 7.098 7.925 8.840
2002 7.378 6.342 7.519 8.565 7.953 7.083 7.933 8.891
2003 7.703 6.723 7.753 8.806 8.235 7.357 8.175 9.112
2004 7.664 6.706 7.769 8.851 8.235 7.326 8.208 9.175
2005 7.857 6.877 7.949 9.068 8.554 7.595 8.491 9.502
Total 7.319 6.302 7.470 8.588 8.046 7.136 8.024 9.006

Note: For firm i in Beijing, TFPQ; =

Yi

N (U
KB (wiL;)"B

; for firm i in Shanghai, TFPQ; =

Yi

K{S (iLiPs

Table 3.3 reports several statistics of TFPQ levels for Beijing and Shanghai.

Each firm’s log(TFPQ) is a TFPQ level relative to the average TFPQ of firms in
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Beijing and Shanghai. For Beijing firms, the mean of TFPQ levels ranges from 6.697 to
7.857, and its average over the period of 1998-2005 is 7.319. On the other hand,
Shanghai firms record TFPQ levels ranging from 7.486 to 8.554, and the overall
average is 8.046. For the period 1998-2005, both TFPQ levels of Beijing and Shanghai
firms are improved. From table 3.3, year to year comparisons of mean TFPQ levels
between Beijing and Shanghai show that Shanghai achieves a higher TFPQ level than
Beijing in all years.

I may fail to capture important properties of TFPQ level differences between
Beijing and Shanghai if | evaluate them by the mean statistics alone since the mean
statistics can be effected significantly by outliers. In particular, I am concerned about
the possibility that the results above are mainly driven by outliers from measurement
errors. Table 3.3 also provides 25th, 50th and 75th percentiles of TFPQ levels for
Beijing and Shanghai. The 25th, 50th and 75th percentiles of Beijing’s TFPQ levels are
all smaller than those of Shanghai’s TFPQ levels for the all period 1998-2005. That is,
the distribution of Beijing’s TFPQ levels is shifted to the left of the distribution of
Shanghai’s TFPQ level over this period. Overall, this analysis suggests that Shanghai
firms have higher TFPQ levels than Beijing firms.

Table 3.4 reports the evolution of TFPQ levels dispersion in Beijing and
Shanghai by showing the standard deviation, the 75th minus the 25th percentiles and the
90th minus thelOth percentiles of log(TFPQ). Comparing these standard deviations,
75th-25th and 90th-10th across years, we can see that the TFPQ differences for Beijing
firms are much larger than those for Shanghai firms. The table also shows that although
dispersion of TFPQ levels among both Beijing and Shanghai slightly declined over the

period 1998-2005, it increased in some years.
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Table 3.4: Dispersion of TFPQ

1998 1999 2000 2001 2002 2003 2004 2005

Beijing

S.D. 2.150 2.147 2.357 2.191 2.054 1.910 2.061 2.041
75-25 2.477 2.410 2.378 2.381 2.223 2.083 2.145 2.191
90-10 5.008 5.188 5.163 4.977 4.886 4.330 4.602 4.524

N 3812 3720 3914 3945 4225 3744 6186 5114
Shanghai
S.D. 1.864 1.863 1.840 1.742 1.808 1.754 1.850 1.907

75-25 1.737 1.685 1.665 1.543 1.628 1.503 1.609 1.559
90-10 3.935 3.832 3.759 3.498 3.801 3.478 3.725 3.723
N 8302 8414 7771 9469 9231 10757 15123 13362

Note: Statistics are for deviations of log (TFPQ) from city means; 75-25 is the difference between the
75th and 25th percentiles, and 90-10 is the difference between the 90th and the 10th percentiles; N is the

number of firms.

Next, | turn to comparing TFPR levels of Beijing with those of Shanghai.
Similar to TFPQ, each firm’s log(TFPR) is calculated as a TFPR level relative to the
average TFPR in Beijing and Shanghai. Table 3.5 provides the several statistics of
TFPR levels for Beijing and Shanghai from 1998 to 2005. The means of Beijing’s TFPR
levels increase from 2.924 in 1998 to 3.603 in 2005, and the means of Shanghai’s TFPR
levels rise from 3.384 to 4.094 through the same period. The overall average of TFPR
levels is 3.28 for Beijing and 3.755 for Shanghai. This table shows clearly that the
TFPR levels of Beijing are lower than those of Shanghai for the all period 1998- 2005.
Table 3.5 also reveals that all the 25th, 50th and 75th percentiles of Beijing’s TFPR
levels are lower than those of Shanghai’s TFPR levels. In other words, the distribution
of Beijing’s TFPR levels is shift down comparing to the distribution of Shanghai’s

TFPR level over the period.
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Table 3.5: TFPR in Beijing and Shanghai

Vear Beijing Shanghai
Mean 25th 50th 75th Mean 25th 50th 75th
1998 2.924 2.249 2971 3.676 3.384 2.854 3.426 3.999
1999 2.941 2.297 3.040 3.702 3.482 2.951 3.499 4.092
2000 3.054 2.465 3.171 3.844 3.551 3.028 3.581 4.149
2001 3.149 2.524 3.213 3.927 3.693 3.173 3.692 4.240
2002 3.296 2.680 3.370 4.036 3.672 3.143 3.681 4.259
2003 3.460 2.855 3.500 4.146 3.876 3.356 3.861 4.428
2004 3.542 2.938 3.624 4.319 3.920 3.363 3.939 4.526
2005 3.603 3.021 3.680 4.361 4.094 3.508 4.077 4.686
Total 3.280 2.642 3.346 4.063 3.755 3.196 3.764 4.364
Note: For firm i in Beijing, TFPR; =K?32ﬁ ; for firm i in Shanghai, TFPR; =ﬁ .

Table 3.6: Dispersion of TFPR

1998 1999 2000 2001 2002 2003 2004 2005

Beijing

S.D. 1.292 1.282 1.422 1.327 1.261 1.176 1.290 1.261
75-25 1.427 1.405 1.379 1.403 1.356 1.292 1.381 1.340
90-10 2.964 3.007 3.044 2.942 2.944 2.683 2.848 2.773

N 3812 3720 3914 3945 4225 3744 6186 5114
Shanghai
S.D. 1.076 1.043 1.013 0.956 1.012 0.921 1.007 0.956

75-25 1.145 1.141 1.121 1.066 1.116 1.072 1.163 1.179
90-10 2.420 2.349 2.284 2.147 2.348 2.099 2.330 2.297
N 8302 8414 7771 9469 9231 10757 15123 13362

Note: Statistics are for deviations of log (TFPR) from city means; 75-25 is the difference between the
75th and 25th percentiles, and 90-10 is the difference between the 90th and the 10th percentiles; N is the

number of firms.

Table 3.6 provides the evolution of TFPR dispersions. During the whole
period of 1998-2005, the distributions of Beijing’s TFPR levels are dispersed more than

that of Shanghai’s TFPR level. This implies the gap in TFPR levels among Beijing firms
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is larger than that among Shanghai firms. Although the gap in TFPR levels between
firms narrowed down during the whole period for both Beijing and Shanghai, it spread
in several years such as in 2004.

The evolution of TFPR level and TFPR dispersion follows a very similar
pattern with that of TFPQ level in both Beijing and Shanghai. Firms in Beijing have
lower TFPQ levels as well as TFPR levels than firms in Shanghai, and experience both

larger TFPQ level and TFPR level dispersions than firms in Shanghai.

3.6.4 MRPL and MRPK Dispersion

To understand TFP differences between Beijing and Shanghai
comprehensively, | also measure the dispersion of marginal revenue product of labor
MRPL and capital MRPK in Beijing and Shanghai. MRPL and MRPK evaluate the
extent of labor distortion and capital distortion, and then help to understand the effect of
each resource misallocation on industry aggregate TFP clearly.

Table 3.7 displays several statics of MRPK dispersions for the period
1998-2005. Firm’s MRPK dispersion measures as a MRPK level relative to the
average MRPK in Beijing and Shanghai. Generally, in both Beijing and Shanghai, the
standard deviation, the differences between percentile 75 and percentile 25, and the gaps
between percentile 90 and percentile 10 declined over the period 1998 to 2005, although
some of them increased in some years. In other words, the capital distortion among
firms becomes smaller in both Beijing and Shanghai over this period. This may be
partly because more firms in these cities are able to access to efficient credit markets in
Beijing and Shanghai. When Beijing and Shanghai are compared, the values of MRPK
are all higher for Beijing than those for Shanghai, indicating that capital distortion of
Beijing firms is more severe than Shanghai firms during this period.
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Table 3.7: Dispersion of MRPK

Chapter

3.

1998 1999 2000 2001 2002 2003 2004 2005
Beijing
S.D. 1.717 1.671 1.751 1.694 1.668 1.553 1.764 1.679
75-25 1.916 1.865 1.899 1.998 2.005 1.844 2.085 1.931
90-10 3.835 3.786 3.858 3.844 3.880 3.587 4.048 3.806
N 3877 3824 3950 3980 4258 3748 6208 5135
Shanghai
S.D. 1.403 1.419 1.354 1.411 1411 1.333 1.444 1.328
75-25 1.533 1571 1513 1.636 1.598 1.550 1.720 1.624
90-10 3.135 3.317 3.142 3.222 3.277 3.078 3.400 3.195
N 8352 8435 7796 9522 9286 10757 15125 13363
Note: For firm i in Beijing, MRPK; =°;—1-@; for firm i in Shanghai, MRPK; = 2= GSZYI

K;

Statistics are for deviations of log (MRPK) from city means; 75-25 is the difference between the 75th

and 25th percentiles, and 90-10 is the difference between the 90th and the 10th percentiles; N is the

number of firms.

Table 3.8: Dispersion of MRPL

1998 1999 2000 2001 2002 2003 2004 2005
Beijing
S.D. 1.424 1.401 1.510 1.408 1.350 1.300 1.373 1.358
75-25 1.594 1.575 1.581 1.622 1.650 1.557 1.614 1.615
90-10 3.256 3.322 3.329 3.305 3.286 3.108 3.196 3.058
N 3924 3798 3966 4004 4284 3762 6262 5161
Shanghai
S.D. 1.253 1.170 1.144 1.097 1.153 1.053 1.131 1.079
75-25 1.394 1.379 1.374 1.317 1.368 1.311 1.377 1.386
90-10 2.831 2.746 2.685 2.574 2.715 2.531 2.715 2.669
N 8417 8460 7815 9590 9305 10883 15225 13426
Note: For firm i in Beijing, MRPLi:%-BB%Yi; for firm i in Shanghai, MRPLi:%-ﬁS%Yi.

Statistics are for deviations of log (MRPL) from city means; 75-25 is the difference between the 75th

and 25th percentiles, and 90-10 is the difference between the 90th and the 10th percentiles; N is the

number of firms.
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The MRPL dispersions in Beijing and Shanghai are reported in Table 3.8.
Note that MRPL dispersion of a firm is measured as a MRPL level relative to each
city’s average MRPL. The measures of dispersion of MRPL have similar patterns to
those of MRPK. First, except a few years, MRPL dispersions become smaller over time
in both two cities. This seems to suggest that the labor distortion has improved over the
period 1998-2005. Second, the measures of MRPL are lower in Shanghai than those in
Beijing throughout the whole period. This result suggests that that firms in Shanghai
benefits from a relative efficient labor allocation than firms in Beijing.

In this section | show that the dispersion of MRPL and MRPK more spread in
Beijing than that in Shanghai. Recall that in the last section, Table 3.4 and Table 3.6
reveal firms in Beijing suffer a greater TFPQ and TFPR dispersions than firms in
Shanghai. An important finding from these patterns of dispersions is that, a greater
dispersion of TFPQ levels and TFPR levels are associated with greater distortion in
labor and capital allocations, which is consistent with the findings in Hsieh & Klenow

(2009) and other existing studies.

3.6.5 Comparison of Two TFP Losses Measures

To further investigate the findings explained above, | next use the HK and
Midrigan and Xu (2014) approach and measure and compare TFP losses (See sections
3.3 and 3.4 for these methodologies).

Based on the equation (3-20) in section 3.3.2 and the equation (3-55) in
section 3.4.1, | estimated the aggregate TFP losses from two methodologies. Table 3.9
provides estimation results of aggregate TFP losses in Beijing and Shanghai from two
different approaches. One finding stands out in Table 3.9 when Beijing and Shanghai
are compared. The average TFP losses of Beijing firms are larger than those of Shanghai
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throughout the whole periods 1998-2005. The total average TFP loss in Beijing is 0.394
from HK approach and is 0.275 from the alternative approach. The corresponding
numbers for Shanghai firms are 0.260 and 0.169. Regardless of the approaches, the
average TFP losses of Beijing firms are all larger than those of Shanghai firms. This
finding appears to indicate that resource allocation is distorted more in Beijing than in
Shanghai, and this distortion shows up in the difference in the TFP loss between Beijing

and Shanghai.

Table 3.9: TFP Losses: HK Approach and MX Approach Results

TFP Loss
Variable
HK (Mean) MX (Mean)
Beijing Shanghai Beijing Shanghai
1998 0.406 0.277 0.288 0.208
1999 0.389 0.271 0.279 0.181
2000 0.431 0.253 0.324 0.173
2001 0.397 0.261 0.281 0.159
2002 0.380 0.267 0.258 0.176
2003 0.340 0.237 0.240 0.147
2004 0.413 0.273 0.267 0.169
2005 0.385 0.239 0.262 0.154

3.6.6 Gains from Reallocation Capital and/or Labor

In this section, | conduct a thought experiment by examining how much
aggregate TFP would increase if capital and labor were allocated efficiently. In doing so,
I calculate the ratio of actual TFP expressed in equation (3-18) to the efficient TFP level
that equalizing the MRPK and/or MRPL among the same cities. After some
manipulations, I get the expression of gains from reallocation capital and labor, from the

capital only and from the labor only as
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1

o
( Y ) = JyMs [As (MRPKS)“S(MRPLS)Bs] s)os
Yefficient’ K, 1=1]|Ag \MRPKg; MRPLg; !
1
i R
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respectively. Using these expressions, | estimate the TFP gain from capital and/or labor

in each year as (Yefficient/Y — 1) *

100.

Table 3.10: TFP Gains from Equalizing MRPK and/or MRPL

1998 1999 2000 2001 2002 2003 2004 2005
Beijing (%)
K 47.621 153.605 173.853 107.370 86.359 67.319 85.938 84.907
L 6.493 19.727 22.588 20.131 22.534 24.247 28.703 30.320
K&L  84.371 220.891 185.074 82.494 91.034 68.520 135.230 138.838
Shanghai (%)
K 7.239 7.914 4.609 9.491 19.972 18.257 36.153 40.853
L 3.936 8.837 10.973 18.488 13.798 19.805 25.475 28.617
K&L  17.898 21.540 17.998 30.692 105.036  58.988  130.151  155.676

Table 3.10 reports the estimation results of TFP gains in Beijing and Shanghai

from fully equalizing the MRPK and MRPL across firms in each city over the periods
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1998 to 2005. By fully equalizing the MRPK and MRPL, the aggregate TFP gains are
68% - 220% in Beijing, and are 17% - 155% in Shanghai. If only equalizing the MRPK,
the aggregate TFP would improve by 47% - 173 in Beijing, and 7% - 40% in Shanghai.
On the other hand, if only fully liberalizing the MRPL, the aggregate TFP will increase
by 6% - 30% and by 3% - 28% in Beijing and Shanghai respectively. Hsieh and Klenow
(2009) report that the percentage gain from the efficient allocation of labor and capital is
86.6 for China in 2005. According to Table 3.10, the estimated gain of Beijing in this
study is similar to that number but the estimated gain of Shanghai is much lower than
that number. This indicates that Shanghai’s economy achieves a higher level of
efficiency in terms of resource allocation than other Chinese cities.

The estimated TFP gains of Shanghai from efficient resource reallocation of
either labor or capital is smaller than those of Beijing throughout the whole periods
1998-2005. This suggests that the aggregate TFP level of Beijing can improve more
than that of Shanghai once resource misallocations are corrected. The flip side of this
statement is that, relative to Beijing, there is a little room for improving the aggregate
productivity of Shanghai by correcting its resource misallocation. It is also interesting to
see that the capital misallocation of the Beijing economy has more profound impacts on
its aggregate TFP level than its labor misallocation. This would render support to a
policy of correcting capital misallocation if one wants to improve the aggregate
productivity level of Beijing.

Table 3.10 also shows that even though the TFP gains from fully equalizing
either the MRPK or MRPL is smaller for Shanghai than those for Beijing in all cases.
The same results do not hold qualitatively when both the labor and capital are
reallocated to the efficient level in year 2002 and 2005. The estimated TFP will increase

by 105% in year 2002 and 155% in year 2005 from efficient allocation of both labor and

99



Chapter 3.

capital in Shanghai, and by 91% and 138% respectively in year 2002 and 2005 in
Beijing. Recall that the equation (3-20) in section 3.3.2 implies that the negative effect
of distortions on aggregate TFP can arising from three factors, var(InMRPKsg;),
var(InMRPLg;) and cov(InMRPKg;, InMRPLg;). The first two factors express the
extents of capital and labor market distortions, respectively. The last term measures the
extent of complementary of capital and labor distortions, and captures a synergy effect
of capital and labor misallocation on aggregate TFP. For example, when high capital
distortion accompanies with high labor distortion, the resource misallocation effect
becomes larger, and results in a lower aggregate TFP. Therefore, this result indicates
that the synergy effect of labor and capital distortion is greater in Shanghai than in
Beijing for some years, and amplifies rapidly after the year 2002. This may suggest that
the Shanghai aggregate TFP can improve more by correcting both labor and capital
misallocation rather than by only correcting either labor or capital misallocation.

To illustrate the magnitude of these TFP gains, take 100 percent gain as an
example. This means that the aggregate TFP level has doubled so that all firms now can
produce twice as much output as they used to do from a given amount of inputs without
any technological advancement. According to Syverson (2011), a productivity
difference between a firm located at top 10 percentile in terms of productivity and a
firm located at bottom10 percentile is about 100 percent. Thus, the 100 percent gain
from efficient resource allocation is equivalent to the transformation of the bottom 10
percentile firm to the top 10 percentile firm. An economic growth rate in advanced
countries is around 3 percent. It will take 25 years to double outputs if the growth rate is
3 percent and if productivity is only the source of economic growth. These examples
illustrate the importance of resource allocation in the Beijing economy because the

average productivity gain of Beijing from efficient allocation of capital and labor is 114.
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3.6.7 Productivity of Entrants, Incumbents and Exiting Firms

In this section, | turn my attention to the correlation of productivity and
market distortions with entrants, incumbents and exiting firms in order to investigate
whether exiting firms are associated with lower productivity and whether new entrants
achieve higher productivity. In doing so, | examine how each of entrants, incumbents
and exiting firms contributes to TFPQ and TFPR, as well as the extent of labor and
capital market distortions.

In this analysis, a firm in the data is identified as a new entrant in year t if the
firm appears in year t for the first time, and is defined as an exiting firm in year t if the
firm disappears from year t onward. Thus, a firm is an incumbent if it is neither an

entrant nor an exiting firm.

Table 3.11: TFPR, TFPQ, MRPK, MRPL by Entrants, Incumbents and Exiting Firms

TFPQ TFPR MRPK MRPL
Beijing
Entrants 0.069 0.109 0.726 0.409
(0.008)*** (0.010)*** (0.035)*** (0.028)***
Exiting Firms -0.149 -0.124 -0.047 -0.352
(0.006)*** (0.008)*** (0.026)* (0.021)***
Shanghai
Entrants -0.018 0.013 0.483 0.077
(0.003)*** (0.004)*** (0.018)*** (0.015)***
Exiting Firms -0.106 -0.073 0.048 -0.323
(0.003)*** (0.004)*** (0.016)*** (0.013)***

Note: The dependent variables are dummies for entrants and exiting firms. The independent variables are
the deviation of log(TFPQ), log(TFPR), log(MRPK) and log(MRPL) from the city means.
Regressions include year fixed effects. Standard errors are in parentheses. * Significant at 10% level,

***Significant at 1% level.

Table 3.11 reports estimation results about TFPR, TFPQ, MRPK and MRPL
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from OLS regression of entrants and exiting firms. In this regression analysis, the base
category is incumbents firms. The results show that TFPQ and TFPR level for entrants
are positive, while those for exiting firms are negative in Beijing. This indicates that
new entrants achieve higher TFPQ and TFPR than incumbents, and the productivity of
exiting firms are lower than that of incumbents in Beijing. On the other hand, similar to
firms in Beijing, the TFPQ and TFPR are both negative for exiting firms in Shanghai,
suggests that Shanghai firms associated with lower productivity are more likely to exit.
However, for new entrants in Shanghai, the contribution to TFPQ is estimated to be
negative 0.018, though the contribution to TFPR is positive 0.013. This suggests that
some Shanghai firms may less productive than incumbents when they enter into the
market.

I next look at resources misallocation for entrants and exiting firms. Table
3.11 reports that MRPK and MRPL of Beijing entrants are 0.726 and 0.409, respectively.
Thus, both the capital distortion and labor distortion are more severe for entrants than
for incumbents in Beijing. Thus, this indicates that firms may face a higher capital price
or labor price when they enter the Beijing market. On the other hand, the MRPK and
MRPL of exiting firms are both negative in Beijing. This seems to suggest that even
though there are some benefits from relative efficient capital and labor allocation, some
firms still cannot survive and finally are forced to exit from the Beijing market. In
Shanghai, the MRPK and MRPL are both positive for entrants. This suggests that new
Shanghai entrants suffer capital and labor misallocation to a greater extent than
incumbents and this pattern is similar to Beijing. However, the resources misallocation
among exiting firms in Beijing and Shanghai exhibit somewhat different pattern. The
MRPK of exiting firms is estimated to be positive 0.048, and the MRPL of exiting firms

is negative 0.323 in Shanghai. This indicates that although Shanghai exiting firms suffer
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relative inefficient capital allocation in a larger magnitude than incumbents, they benefit
from efficient labor allocation when they exit. This appears to suggest that the relative
severe market distortions may not be a main reason for firms exiting from the Shanghai
market. Furthermore, when Beijing and Shanghai are compared, the values of entrants’
MRPK and MRPL are both higher for Beijing than those for Shanghai, implying that
new entrants in Beijing suffer inefficient resources allocation more than new entrants in
Shanghai.

These estimation results demonstrate that productivity of exiting firms are
lower than that of incumbent firms, and the new entrants are more productive than
incumbents, though there is some exception in Shanghai. Even though new entrants
suffer inefficient resources allocations more than incumbents in both Beijing and
Shanghai, I do find a different pattern of market distortion among exiting firms between

Beijing and Shanghai.

3.7 Conclusion of Chapter 3

| estimated productivity losses of Beijing and Shanghai arising from resource
misallocation by using the Hsieh and Klenow (2009) method and its extended method
and by using the firm-level Chinese manufacturing data. The main findings are twofold.
First, the aggregate TFP level of Beijing is lower than that of Shanghai. Second, the
estimate of this study suggests that the aggregate TFP level of Beijing will improve
significantly if resources are allocated to the efficient level from the current allocation.
In particular, correcting capital misallocation is a key for improving the aggregate
productivity of Beijing.

In this study, | was not able to empirically identify a source of misallocation

because of data limitations. It is one limitation of this study, and some findings in this
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study should be interpreted with caution. Although a causal effect is not identified, the
findings of this study still carry important policy implications. One important policy
implication is that a policy intended to remove some frictions in the capital market
would be more effective to raise the aggregate productivity of Beijing than a policy of

intervening labor markets.
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Chapter 4.

Regional Productivity, Job Turnover and

Profitability under Hukou Allocation System

4.1 Introduction of Chapter 4

Sources of productivity disparities across regions have been studied in recent
years (Ciccone and Hall, 1996; Deng and Jefferson, 2011). Understanding mechanisms
that generate regional productivity differences is of primal interest to economists and
policy makers, because regional development hinges crucially on productivity
improvement. In this Chapter 4, | try to contribute to this line of research by
investigating a source of productivity difference between the two largest cities in China,

Beijing and Shanghai.

Figure 4.1: GDP per Worker, Average Salary and Labor Turnover in Shanghai and Beijing

GDP per Worker (Yuan)

220,000
180,000 «
ﬁ;’
140,000 /A - ——— Shanghai
100,000 Y < = < = Beijing

60,000 e

- =7

-~
20,000

1998 2000 2002 2004 2006 2008 2010 2012 2014

105



Chapter 4.
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Note: GDP per person employed was calculated by dividing the GDP by employment. The Job-Finding
rate is the fraction of unemployed persons that flow out of unemployment, and Job-Separation is the
fraction of workers who leave their jobs.

Source: China Statistical Yearbook 1998-2015, National Bureau of Statistics of China; China Labor
Statistical Yearbook 1998-2015, Department of Population and Employment Statistics of National

Bureau of Statistics of China and Ministry of Labor and Social Security of China.

Figure 4.1 shows that GDP per worker and labor turnover of Beijing is
consistently lower than that of Shanghai during the period of 1998 to 2014. This figure
also reports that although the annual salary of Beijing is lower than that of Shanghai
before 2008, such difference becomes smaller after 2008. Past studies have attributed
this productivity difference to such factors as R&D investment and technological
progress (Zhang et al., 2011), density of economic activity (Rizov and Zhang, 2013; Cai,

Wang and Du, 2002), and economic structures (Li and Haynes, 2011; Chan and Zhang,
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1999). Although these factors certainly influence the productivity level, this chapter
offers an alternative mechanism that explains this observed productivity difference.
More specifically, | argue that the productivity difference stems from two cities’ Hukou
allocation system (China’s household registration system). | view Hukou as
work-related benefits and build a theoretical model, where Beijing firms are entitled to
allocate Hukou to their employees and can utilize it as a device for economizing on
labor costs. In contrast, these Hukou are allocated to workers directly from the city
authorities in Shanghai. The key mechanism of the model is that some Beijing firms
find it optimal to retain mismatched workers, because Beijing’s Hukou allocation policy
allows them to set wages to a lower level and this advantage outweighs a loss in output
due to lower productivity. Because of this firm’s optimal behavior, the GDP per worker,
the turnover rate and the wage are lower in Beijing than in Shanghai. This prediction is
consistent with the statistics on these variables reported in Figure 4.1.

The main contribution of this chapter is to show that Hukou system plays a
significant role in affecting regional productivity and therefore regional development.
The fundamental lesson from this study is that the level of regional productivity can be
low due to inefficiency arising from the retention of mismatched workers when Hukou
are allocated to workers through their employer rather than being allocated to them
directly. This insight can be applied to a wide range of economic issues concerning
work-related benefits. This is especially valuable for immigration policy, because a
work permit in some countries can be regarded as a work-related benefit.

This chapter is organized as follows. Section 4.2 describes the main features
of the Hukou allocation system. Section 4.3 provides a simple model where a firm’s
optimal behavior is derived. Section 4.4 discusses three main implications from the

model. Section 4.5 presents the concluding argument.
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4.2 Background

In China, the Hukou allocation policy has a significant impact on people’s
standard of living because the quality of social services (e.g., education and medical
services) that a person can potentially receive depends on where his or her Hukou is
established, rather than where he or she lives. The details of the Hukou system have
been extensively reviewed by many researches (e.g., Chan and Zhang, 1999), and a
feature relevant to this analysis is as follows: While the benefits attached to a Hukou
are so attractive that workers may sacrifice a part of their compensation in order to
acquire the Hukou, firms may use an assignment of Hukou strategically to attract and
retain desirable workers. Thus, the Hukou allocation system likely affects regional
economic activities.

The most notable difference in the Hukou allocation policy between Beijing
and Shanghai is the process of allocating a new Hukou. The Shanghai city authorities
allocate Hukou to part of workers directly after they become a permanent employee. On
the other hand, a fixed amount of Hukou is first allocated to a firm in Beijing. After this,
it is the firm that determines whether a worker establishes a Hukou in Beijing by
providing this valuable Hukou to worker. This feature of the Beijing’s Hukou allocation
policy allows Beijing firms to set lower wages in exchange for giving Hukou to their
employees. Unlike other rewards, a firm cannot retract Hukou from its employees once
they are already assigned to them, since the Hukou are their employees’ property, even
after they quit the firm.

Hukou system is a powerful household registration institution that affects
many fundamental aspects of life for hundreds of millions of Chinese as well as China’s
economic development. Past studies have focused on examining its roles in obstructing
migration (Goldstein and Goldstein, 1991; Chan and Yang, 1996), industrialization and
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urbanization (Chan, 1992; Cheng and Selden, 1994), and inequity of social welfare (Liu,
2005; Afridi et al., 2012). Recently, researchers have been increasingly aware of its
broader ramification on Chinese society and regional economy. Yang, Xu, and Xiang
(2003) pointed out that the Hukou system slowed down economic growth in developed
regions because it prevents lower cost labor force from moving to more developed
regions from poorer areas. Ma (1999) discussed that different regions have an uneven
performance on economic development even though spatial patterns of interprovincial
migration are very similar. Ma (1996) showed that, compared with intra-provincial
migration, inter-provincial migration is a more prominent factor of population
redistribution and economic development at the national and regional levels, and
suggested that Hukou system has a negative effect on regional development because it
prevents interprovincial migration. However, most of the past studies on this topic
maintain an assumption that the Hukou system is the same through all regions. In this
chapter, I relax this assumption and focus on the difference in Hukou allocation system
between Beijing and Shanghai, and show that different Hukou allocation systems can
change a path of economic development. This result is consistent with the finding from
Ma (1999).

This analysis is also related to research on the relationship between labor
market institutions and firm productivity. Ishida (2005) investigated how a unique
management style of lifetime employment in Japanese labor market influences firm
performances, and discussed that firms may not be better off under such lifetime
employment. Besley and Ghatak (2008) argued that firms can increase their output by
using status rewards such as job title or a medal. This research is also related to a line of
research on immigration policy for economic growth (Friedberg and Hunt, 1995; Ruhs,
2008), since immigration permission in some country can be regarded as work-related
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benefit similar to Hukou.

I construct a theoretical model in which different Hukou allocation systems
generate differences in productivity among regional economies. A key insight from this
theoretical model is that a mismatch between firms and workers arising from a Hukou
allocation system can be a source of regional productivity differences. Since the effects
of Hukou system on regional economic growth have been usually examined from the
viewpoint of rural-to-urban migration, this analysis shed a new light on this topic by
offering an alternative explanation for regional productivity differences resulting from

different Hukou systems.

4.3 Model
4.3.1 Environment

There are two cities, City B (Beijing) and City S (Shanghai), in the economy.
While Hukou are allocated to workers directly from the city authorities in City S, these
Hukou are allocated to workers through firms in City B and firms may use this
advantage strategically to raise their profits. | consider a two-period model with a unit
mass of risk-neutral firms and of risk-neutral workers in each city, each firm indexed by
I.

In both periods, each firm employs at most one worker to produce output. The
amount of output the firm produces only depends on a matching quality between the
firm and a worker. For simplicity, the matching quality is either a good matching
(m = 1) or a poor matching (m = 0). The production function of firm i is given by

Q(m;) = xpp, for m;=0,1,
where x; > x, isassumed.
Although the production function is identical across firms, they are
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heterogeneous with respect to the ability to draw a matching quality. Let q denote this
ability and the variable q is assumed to be distributed uniformly over the unit interval
between 0 and 1:

f(Qd =1 for qe€[0,1] .
A matching quality is determined randomly after hiring a worker. Specifically, firm i’s
probability of drawing a given matching quality is given by

prob(m; = d|q;) = qf (1 —q)*™% for d=0,1 .

The probability of drawing a good matching quality increases with firm’s ability q.

4.3.2 Employment Contract

In the first period, firms in both cities offer an employment contract that
specifies wages for both periods. The contract offered by firm in City B also includes
whether provide Hukou to the worker. The matching quality is unknown to both the
firm and the worker at the beginning of the first period, but it is revealed completely at
the end of the first period. At the beginning of the second period, the firm may dismiss
its worker. To ease the explanation, | assume that renegotiation about the second period

wage is never allowed after knowing the matching quality. | do not discount time.

4.3.2.1 Employment Contract in City S
In City S, a firm offers an employment contract so as to maximize its
expected profit subject to a worker’s participation constraint. Formally, firm’s
maximization problem can be written as
maXyy, thzl[qi(xl —wy) + (1 - qi)(xo - Wit)]
s.t. wip=1u for t=1,2
The optimal wage is simply given by
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wg=wj=u for t=1,2.

4.3.2.2 Employment Contract in City B

Assume that o fraction of the firms in City B obtain the right to entitle
Hukou to their employee. For simplicity, Hukou are given to firms only in the first
period. The wage setting is the same as the firms in City S, if a firm does not obtain this
right. When a firm in City B obtains that right, its employment contract is determined
by solving the following maximization problem:

maxy,a X2[q, G — wid) + (1 - q,) (xo — wi)]

s.t. wix+Ah=>u for t=1,2 ,
where A is a variable that equal to 1 if the Hukou is entitled and O otherwise, and h
captures the level of benefit from obtaining a Hukou. Regardless of the firm’s decision
on providing the Hukou to its worker, the optimal wage is set to

wg(Ajp) =wiy =u—A;th for t=12 .

Then turn to the decision on A. By setting A;; = A, = 1, the firm can save
on the cost of both periods’ wages, if the firm decides to retain the worker in the second
period. In addition, it can save on the cost of the first period’s wage, even when the firm
dismisses the worker at the beginning of the second period. On the other hand, the firm
is able to leave the entitlement of Hukou to the second period and set Aj; =0
and A;, = 1, but this can only save the second period’s wage. Therefore, the firm’s
profit is maximized when both A;; and A;, are setto 1. By combining this result with
the equation above, the optimal wage is given by

wg=w;;=uU—h for t=12.
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4.3.3 Decision on the Dismissal of a Worker
At the beginning of the second period, each firm knows the quality of match
with the worker employed in the first period and makes a decision on whether to
dismiss her. When the firm decides to retain the worker in the second period, she carries
out the second period production. When the firm chooses to dismiss her, it hires a new
worker who is drawn randomly from the pool of workers. Therefore, there are four
possible firm behaviors in the second period:
I. After knowing a good match between the firm and the worker, the firm retains the
worker and receives output x,.
Il. After knowing a good match, the firm dismisses the worker and hires a new
worker.
I11. After knowing a poor match, the firm retains the worker and receives output x,.
IV. After knowing a poor match, dismisses the worker and hires a new worker.
The firm’s optimal strategy with respect to retention of workers can be solved by using

backward induction with the optimal wage showed in Section 4.3.2.

4.3.3.1 Dismissal Decision in City S

To consider an optimal dismissal decision of a firm in City S, suppose that a
good matching quality is realized in the first period. Taking the labor contract as given,
the second period’s profit is x; — u if the firm retains the well-matched worker, and the
expected profit is q;(x; — 1) + (1 —q;)(x, — ) if it dismisses her and hires a new
worker. Thus, the firm’s optimal decision in this case is to retain the well-matched
worker, because x; >x, and q; € [0,1]. Next, consider the case where matching
quality was poor in the first period. The second period profit is x, — u when retaining

the worker, and the expected profit is q;(x; — ) + (1 — q;)(x, — ) when dismissing her.
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Hence, the firm in City S has no incentive to keep a poorly-matched worker.

Let Ds be a dummy variable that indicates 1 if a firm in City S dismisses its
worker at the beginning of the second period and 0 otherwise. The firm’s optimal
decision rule is simply expressed as

Ds(m;) =1 —m; . (4-1)

4.3.3.2 Dismissal Decision in City B

In this section, | consider an optimal dismissal decision by a firm in City B.
First, consider the case where the firm does not have the right to entitle Hukou to its
employee. This case is identical to firms in City S. The optimal decision for this type of
firm (type NH) is given by

Dgnu(mp) =1—m; . (4-2)

Next, consider the case where the firm has the right to entitle Hukou to its
employee and uses it strategically to increase its profit. When a match is good, the profit
in the second period is x; — u + h if the firm retains the well-matched worker, and is
qi(x; =) + (1 — q;)(xo — U) if dismisses the worker and hires a new worker. It is easy
to see that the firm’s optimal decision in this case is to retain the worker.

When a poor matching quality is realized, the firm’s optimal decision is not
straightforward and depends on the firm’s ability q. The second period profit is
Xg —u+h if the firm retains the worker, and the expected profit is q;(x; — ) +

(1 —qp)(xe — ) ifitdismisses her. Comparing these two profits yields

{XO—G+h2qix1+(1—qi)xo—ﬁ if q; < h/(x; — %)
XO_ﬁ+h<in1+(1_qi)X0_ﬁ 1fq1>h/(X1_X0)

In other words, the firm dismisses its worker only when the matching quality is poor
and the firm’s ability to draw a well-matched worker is sufficiently high. The optimal

decision of such firms (type WH) can be expressed as
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Dgwu(m;, g;) = (1 —m;)qd(q;) , (4-3)

where qd(q;) =1 if 1>q;>h/(x; —%¢) and qd(q;) =0 if 0<q; <

(x1—Xo)

4.4 Analysis
4.4.1 Job Turnover

| first compare the dismissal rate of the two cities. A dismissal rate is defined
as the probability of dismissing workers at the beginning of the second period. As
described in equation (4-1), firms in City S dismiss all poorly-matched workers. The

dismissal rate in City S is

Ds = [ Pr{Ds(m) = 1]f(q)dq = f, (1 — q) f(q)dq = = . (4-4)

2
Similarly, the dismissal rate of City B firms that do not possess the right to entitle

Hukou is given by

1

Dgnu = fol Pr[Dg nu(m) = 1]f(q)dq = >

The dismissal rate of City B firms that possess the right to entitle Hukou is

Q)

Dewi = Jy Pr[Dawi(m, @) = 1]f(q)dq = [, (1 - q)f(q)dg =5 — (1 -

N | =

where § = h/(x; — X(). The dismissal rate in City B is now given by
Dg = aDgwn + (1 —a)Dgnu = % —aq (1 - %Q) : (4-5)

Equations (4-4) and (4-5) imply that Dg = Dy because ag (1 —

N | =

q) > 0. Therefore, |

have the following:
Proposition 4-1. The dismissal rate of City B is lower than that of City S.

The optimal behavior of firms in City S does not depend on the firm’s ability
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g, and they are able to dismiss a poorly-matched worker regardless of this ability. In
contrast, the optimal behavior of City B firms depends on this ability. Those City B
firms that use the Hukou strategically to lower wages do not dismiss a poorly-matched
worker when their ability to draw a well-matched worker is low. Some inefficient
matches between workers and firms are preserved under the allocation system where

Hukou are given to firms directly.

4.4.2 Productivity

Assume that the population is the same in both cities, and then the total output
measures their productivity. Since there is no difference in the first period total output
between the two cities, | can only compare the second period total output.

In City S, for given q, the fraction q of firms drew a good match and
produce x; in the second period. The fraction 1 — q of firms hire a new worker in the
second period and their expected output is gx; + (1 —q)x,. Therefore, the total

expected output of City S in the second period is given by
1 1 2 1
EQs = J, axif(@)dq + f; (1 — Dlgxs + (1 — D)xol f(@)dg =%, +5%p . (4-6)
Next, consider the output level of City B. First, for firms that do not have the
right to entitle Hukou to their employee, the case is identical to firms in City S, | have
2 1
EQpnu = 3X1 +3X0 -
Then turn attention to firms that have the right to entitle Hukou to their employee. For
given q, the fraction g of firms drew a good match in the first period and produce x; in
the second period. On the other hand, the fraction 1 — q of firms drew a poor match in

the first period. Those firms that satisfy @ < q <1 hire a new worker in the second

period and their expected output is qgx; + (1 —q)x,. Those firms that satisfy
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0 < q<{ continue to employ the poorly-matched worker and produce x, in the

second period. The total expected output is

EQswn = Jy ax:f(@)dq + f; (1 — @)lax; + (1 — @xo] f(@)dq + [;(1 — @) xof(@)d

2 1.

— 24153 1,1-2 143
= (30 430+ G430 —38) %0 @)
Finally, the total expected output of City B is given by
EQg = aEQgwn + (1 — 0)EQg Ny = §X1 + %Xo +a Gq - %) 4°(x, —Xo) . (4-8)
Since 0 < § <1, the third term in equation (4-8) is negative. | have the following

implication:
Proposition 4-2. The total output of City B is smaller than that of City S.

Some firms in City B retain a worker even if a poor matching quality between
the firm and worker is realized. This inefficient match lowers the aggregate productivity
of City B, and the third term in equation (4-8) captures a loss of total output due to the

Hukou allocation system. Note that the third term in equation (4-8) can be written

1 h 1 h? . . .
as a[g —H ] Loss of total output increases with o and h. Since the

"a-xo) 2] Lxa—xo)
main source of the distortion is the Hukou allocation system, the loss of total output
increases when more firms can strategically use the advantage to construct their labor
contract. A higher level of utility associated with Hukou allows more firms to retain a
poorly-matched worker, which also results in a larger loss of total output. On the other
hand, the loss of total output decreases with x; —X,. Retaining a poorly-matched
worker forgoes a possibility of hiring a well-matched worker and producing high output
level x;, whereas its benefit comes from keeping a low wages. When a gap between x;

and x, is large, the cost outweighs the benefit, and firms avoid retaining a
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poorly-matched worker.

4.4.3 Profit

This section compares firm profits of both cities. In doing so, it is assumed
that the law of large numbers is satisfied. Since labor is the only factor of production in
this model, firm profit is simply defined as the total output minus the total wage
payment through two periods.

In City S, the fraction q of firms drew a good match and the total expected

output is fol gx,f(q)dq + fol(l — qQ)x, f(qQ)dq = %xl + %xo in the first period, and the

total expected output in the second period is §X1 + §Xo as described in equation (4-6).
Taking the optimal wage u in both periods as given, the total profit of firms in City S is
g = le + %Xo — ﬁ) + (§X1 + %XO — ﬁ) = %xl +§x0 —2u. (49
Next, in City B, the total profit of firms that do not possess the right is
identical to firms in City S, and then | have
g Ny = %Xl + EXO — 2u.
On the other hand, for firms in City B that possess the right, the total expected output in
the first period is %xl +%x0 similarly, and the total expected output in the second
period is G — %qz + §q3)x1 + (é + %qz — %Ff)xo as given in equation (4-7). Since
firms have the right to entitle Hukou to their employee, the total wage in the first period
is U — h. In the second period, the q fraction firms that drew a good match in the first
period keep the well-matched worker at wage rate u — h. The fraction 1 — q of firms
drew a poor match in the first period, those firms that satisfy 0 < q < § continue to

employ the poorly-matched worker and their wage payment is still u — h, but those
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firms that satisfy @ < q <1 hire a new worker in the second period and their wage

payment becomes u. Then the total wage in the second period is folq(ﬁ —h)f(q)dq +

[3(1 - g)(@—h) f(@)dg + J; (1 - quf(q)dg = — (3+@—2a?)h. The total profit

of firms that possess the right is

o = [ b~ 0] -3 20 (oS -o (e oL
=£x1 +2X0—21_1+( q——)q (Xl—XO)-I-( +q—%c~12)h .

Then, the total profit of firms in City B is

Mg = allgwy + (1 — )llg Nu
7 5 — 1. 1\ ~ 3 ~ 1.
=-X1 +:x —2l+a [(gq — E) G%(x; — xo) + (E+ d —qu)h] . (4-10)
Note that the forth term in equation (4-10) is positive because it can be written as

. This

N | W

Ga-dan+(Gra-3@)h and (Ga-3)a=-1 and S+q-33 >

generates the following implication:
Proposition 4-3. The total profit of City B is larger than that of City S.

While the first term in the square bracket of equation (4-10) reflects a
productivity loss, its second term is a profit gain arising from wage saving. Proposition
4-3 says that this profit gain exceeds the productivity loss, and it confirms that a lower

level of productivity is justified at the firm level by larger profits.

4.5 Conclusion of Chapter 4
I provided an analysis that helps understand the effect of the Hukou allocation

system on productivity, and offered an alternative explanation for an observed
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difference in firm productivity between Beijing and Shanghai. This theoretical analysis
indicated that the Beijing’s Hukou allocation system results in keeping an inefficient
match between workers and firms, which, as argued before, is a source of lower
productivity in Beijing. This chapter demonstrated that the way of allocating Hukou
affects not only worker’s welfare, but also regional development.

Note that for simplicity | assumed that all workers are identical and wage
renegotiation is not allowed. In a more realistic model, however, workers would possess
different level of ability and also have the right of wage renegotiation. This may affect
some conclusions of this analysis because firms and workers likely act so as to
influence bargaining power and it may in turn change the nature of the mismatch
problem | discussed above. Nonetheless, the model in this chapter captures the
fundamental relationship between Hukou allocation system and productivity, and

provides meaningful implications for economic development policies.
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Conclusion

In this dissertation, | investigated the effects of new entry, resources
misallocation, and the Hukou policy on productivity in order to measure real technical
improvement more precisely by distinguishing physical productivity and revenue
productivity. More specifically, | proposed a theoretical approach to examine the entry
effect on productivity by controlling for both supply and demand factors, and tried to
separate the physical productivity improvement from the revenue productivity change. |
also used firm-level data to examine how observed regional productivity differences are
due to resource misallocation. The analysis of this dissertation is expected to improve
our understanding of sources and mechanisms that determine productivity and to have
important policy implications for regional development. The proposed methodology is
also expected to help measure technical efficiency improvement more precisely.

In Chapter 2, I examined how new entry influences incumbent firm’s
measured productivity when the highest quality product is introduced to the market by
incorporating both demand and supply factors into a single analytical framework. First |
built a theoretical model by extending the model of Johnson and Myatt (2003) where
both consumers and firms take product quality into account when they decide their
optimal behaviors. The extended model allowed me to link physical productivity and
revenue productivity under several types of new entry. The key insight form this
analysis is that incumbent firm’s revenue productivity can be affected by both business

stealing effects and technical improvement effects. The theoretical predictions generated
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from this analysis need to be examined against data in order to be more convincing. One
of the future tasks is to examine the relationship between revenue productivity and
physical productivity in this analysis by using real data.

In Chapter 3, | used firm-level Chinese manufacturing data to investigate how
input market distortions affect the aggregate productivity differences between two major
cities in China, Beijing and Shanghai. In this empirical analysis, | employed an
extended version of Hsieh and Klenow (2009) approach and an alternative approach
developed from Midrigan and Xu (2014) to estimate productivity losses from resource
distortions. This empirical analysis revealed that the aggregate productivity level is
lower in Beijing than that in Shanghai, and the input market distortions, especially the
capital misallocation is more severe in Beijing than that in Shanghai. A limitation of this
empirical analysis is that a source of misallocation cannot be identified because of data
limitations. However, the findings from this study still can provide important policy
implications for economic development.

In Chapter 4, | offered a possible mechanism that generates a regional
productivity difference between Beijing and Shanghai through labor market
misallocation. | constructed a theoretical model to explain a possible role of Hukou
allocation system (a unique household registration policy in China) in influencing
regional productivity through firm’s strategic behaviors with respect to the retention of
workers. The theoretical analysis showed that the level of regional productivity can be
low due to inefficient labor allocation arising from Hukou system, and that the way of
allocating Hukou is a source of labor market distortions and productivity differences
across regions. In this model, | assumed that all workers are identical and wage
renegotiation is not allowed for simplicity, but a more realistic analysis needs to be done
by relaxing these assumptions.
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Although this dissertation research has some limitations, it shed a light on
several important issues of the productivity determinants and made it clear that
productivity level is influenced significantly by new entry, resource misallocation, and

economic policies.
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