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Establishment Size and Wage Inequality:
The Roles of Performance Pay and
Rent Sharing
This study provides new evidence on the large contribution of performance
pay to wage inequality among employers via heterogeneous rent-sharing
behaviors, focusing on industry affiliation and employer size. Using
comprehensive Korean worker-level data, I first show that wage betweeninequality at the industry-size level has substantially contributed to a growing
wage inequality trend since 1994 even after controlling for observed and
unobserved worker characteristics and factoring in sorting effects; this
phenomenon is dominated by the employer size-wage effect. The size-wage
effect is mainly due to the differences in performance pay between employer
sizes, while the effects of performance pay on within-inequality are limited. I
then show the sources of the rising wage between-inequality in terms of
firm-side factors using firm-level balance sheet data merged with worker-level
data at the industry-size-year level. I find that changes in the estimated rentsharing parameters and the prices of capital-to-labor ratio are the main factors in
the increasing dispersal of between-inequality and that they became more
positively correlated with wages between 2009 and 2015 than they were before
2009. This positive correlation is observed even more clearly when performance
pay is included in wages. These findings show that employers exhibit
rent-sharing behavior and compensate for capital dependency using performance
pay, and differentials of performance pay among employers are translated into
increased between-inequality of wages.

Keywords: Wage inequality, Performance pay, Establishment size, Rent-sharing,
Labor productivity
JEL Classification Numbers: E23, J21, J31
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Ⅰ. Introduction
It is well-known that employers’ size and industry affiliation play
important roles in explaining wage inequality among workers. Since the
seminal papers of Brown and Medoff (1989) and Krueger and Summers
(1988), several studies have explored the sources of the positive relation
between employer size and employee wages, and wage differentials among
industries.1) In a standard competitive labor market model, one possible
explanation for this phenomenon is the difference in labor quality across
employer sizes and industries. New empirical evidence conflicts with this
conventional explanation, however, amid the increasing accessibility of
worker-level, firm-level, and linked employer–employee longitudinal data
in some developed countries. This evidence shows that wage gaps among
employers come mainly from employers’ heterogeneous characteristics or
behaviors

such

as

labor

productivity,

rent-sharing

behavior,

and

technology dependence (e.g., Blanchflower et al., 1996; Card, Heining,
and Kline, 2013; Arai, 2003; Faggio et al., 2010; Song et al., 2015;
Barth et al., 2016). Based on this new evidence, this study investigates
the contributions of between-inequality at the industry and industrysize levels to wage inequality in Korea using comprehensive workerlevel data and explores their sources from the standpoint of firm-side
factors using firm-level balance sheet data merged with worker-level
data at the industry-size-year level.
This study is novel in its focus on the roles of performance pay and
rent-sharing behaviors of employers in explaining wage inequality. Some
firms in Korea introduce performance pay mainly to obtain strategic
flexibility via wage-setting and to share their performance results with
workers. In this case, the firm’s business performance and willingness to
share rents with workers are closely linked to the amount of the
1) Previous works on the eects of employer size on wages include Moore (1911), Oi and Idson (1999), Bayard
and Troske (1999), Lluis (2009), and Pedace (2010). Lallemand and Rycx (2007) review the literature on
this topic. Groshen (1991), Gibbons and Katz (1992), Vainiomäki and Laaksonen (1995), Gannon et al.
(2007), and Lazear and Shaw (2009) study inter-industry wage premiums in several countries.
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workers’ performance pay. This can increase wage inequality between
firms. Some firms use performance pay mainly to compensate workers
disproportionately, which can increase wage inequality within firms. In
sum, the amount of performance pay workers are paid is driven by three
factors: the ability of the workers, the business performance of their
employer, and the attitude of the employer to sharing rents with
workers. Even if a worker’s performance is evaluated as high, if the
firm’s financial condition is poor, the worker will not be sufficiently
compensated. Moreover, if a highly profitable firm is not willing to share
rents with workers, its pay for performance may be relatively low.
Either situation may cause performance pay to affect wage inequality.
Lemieux et al. (2009) showed that, in the U.S. labor market, the ability
of workers is closely tied to the amounts of performance pay they are
paid. I will show that, in the Korean labor market, the employer’s
industry,

size,

and

attitude

about

rent-sharing

are

more

important

factors in explaining the effects of performance pay on wage inequality
than is worker ability.
This study has two objectives. The first is to investigate how changes in
between-inequality at the industry and industry-size levels influence changes
in overall wage inequality between 1994 and 2015 in Korea. I show that
the changes in inequality between industry-size groups have significantly
contributed to the changes in overall wage inequality even when workers’
observed and unobserved characteristics are controlled for and that this
phenomenon

has

been

amplified

by

the

systematical

differences

in

performance pay between industry-size groups. The second objective is to
explore the sources of the contribution of between-inequality using firm
factors

such

as

labor

productivity

and

the

capital-to-labor

ratio.

I

decompose this contributions into “quantity effects” and “price effects”
following Machado and Mata (2005) and show that employers’ hetero
-geneous rent-sharing behaviors along the wage distribution is a main
element of the increasing between-inequality.
This study reports two distinct features observed in the Korean labor
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market. First, unlike in the U.S. labor market, the numbers of Korean
performance-pay

workers

decreased

between

1994

and

2015.

This

decreasing trend is affected more strongly by employers’ industry affiliation
and size than by workers’ education levels and jobs. Employers in the
non-manufacturing sector and with fewer than 300 employees show
relatively large drops in their share of performance-pay workers, while no
significant differences are observed among education levels and jobs.
Second,

despite

the

reduced

share

of

performance-pay

workers,

performance pay has worsened wage inequality. This contradicts the
argument of Lemieux et al. (2009) that growth in the prevalence of
performance pay can worsen wage inequality and vice versa.

This

unprecedented phenomenon observed in Korea results primarily from the
widening performance pay gap between small and large employers, while
differentials in performance pay across industries, education levels, and jobs
are relatively stable over time.
The

empirical

results

of

this

study

confirm that

the

increasing

contribution of the performance pay gap across employer sizes to wage
inequality flows not from labor quality differentials across employer sizes or
sorting effects but from the fixed effects of sizes. The industry-size-level
change in between-inequality contributes 44.03% of the change in wage
inequality between 1994 and 2015 after workers’ observed characteristics
and sorting effects are controlled for, while the industry-level contribution
amounts to 11.33% in the same period. This means that the wage gap
between employers of different sizes is the main factor in betweeninequality.

The

contribution

of

industry

size

to

between-inequality

decreases to 29.35% when performance pay is not considered. This
large drop shows that performance pay differentials between industrysize groups play important roles in explaining between-inequality trends.
Interestingly,

the

results

of

the

longitudinal

data

show

that

the

contributions of workers’ unobserved characteristics to wage inequality
trends are minor despite their significant contribution to wage inequality
levels, while the significant contribution of between-inequality to wage
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inequality trends remains.
Investigating the sources of the changes in between-inequality from 2000
to 2015 shows that changes of rent-sharing parameters and in the prices
of the capital–labor ratio between two periods (2000–2008 vs. 2009–2015)
are the main factors in the rising between-inequality. They become more
positively correlated with wages between 2009 and 2015 than they are
before 2009. The positive correlations are observed even more clearly when
performance pay is included in wages. The changes in rent-sharing
parameters between the two periods cause between-inequality to change
from 0.131 to 0.1879, while between-inequality changes from 0.0901 to
0.0998 when performance pay is not considered. The change in the
capital-to-labor ratio price produces similar effects on the change in
between-inequality. These results imply that paying for performance is
one way firms share their rents with workers and compensate for heavy
capital dependency.
This paper complements recent empirical works on wage determination
and inequality. Blanchflower et al. (1996) provided a theoretical background
on the relation between wages and employers’ rent-sharing behavior. Using
the wage bargaining model, they derived a simple wage equation and
empirically demonstrated the positive association between wages and
employers’ rent-sharing behavior by blending microeconomic data on wages
with industrial data. Using Swedish data on workers matched with firms’
balance sheets, Arai (2003) showed that wages are positively correlated with
the capital-to-labor ratio as well as employers’ profits. Barth et al. (2016)
showed that the change in wage variance among establishments contributes
65% of the increased variance in earnings from 1992 to 2007 in the U.S.
labor market. Lemieux et al. (2009) demonstrated the importance of
performance pay in explaining wage inequality using data from PSID. They
focused on the contribution of performance pay to within-inequality by
comparing between performance-pay jobs and non-performance-pay jobs.
They concluded that compensation for performance-pay jobs was more
closely tied to worker characteristics and that changes in returns to skill
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due to technological change induced more firms to offer performance pay.
Concerning methodology, Machado and Mata (2005) provide a method that
allows me to observe the marginal effects of firm-side factors on wage
inequality using quantile regression and integral transformation theorem.
My work builds on these research.
The remainder of this paper is organized as follows. Section 2 describes
the study’s data and sample selection process. Section 3 describes the
relation between performance pay and wage inequality observed in the
Korean labor market. Section 4 presents the results of a variance
decomposition using the augmented Mincer-type earning equation to
control

for

worker

between-inequality

at

characteristics
the

industry

and

observe

the

and

industry-size

contribution
levels

to

of

wage

inequality. Section 5 investigates the effects of firm-side factors on
between-inequality trends. Finally, section 6 concludes the paper.

Ⅱ. Data Description
1. WSS, KLIPS, and KED
WSS and KLIPS: Worker-level Data
The Wage Structure Survey (WSS) dataset is the largest worker-level
dataset in Korea, with information on approximately 500,000 regular
workers per year provided by the Korea Ministry of Employment and
Labor. The survey has been conducted each June since 1980. The WSS
data include monthly wage and hours worked in a month, as well as
information on education, occupation, experience, union participation,
gender, industry (two-digit code), and employer size (measured by the
number of employees and comprising five categories: 10–29, 30–99, 100–
299, 300–499, and 500+).2)3) Since 2006, this dataset has also been
2) One employer size category, 5–9, has been added since the 1999 survey. To maintain data consistency,
employees working in firms with fewer than 10 employees are excluded.
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providing establishment identifiers that can be used to observe the effects
of firm heterogeneity on wage inequality.4) There are two advantages to
using this dataset to study wage inequality. First, total monthly wages can
be decomposed into regular wages, overtime wages, and performance pay.
The provision of performance pay allows us to identify its effects on wage
inequality. Second, the WSS is relatively free of measurement error because
it has been gathered by establishment level surveys. As the survey is
implemented using firms’ payrolls, measurement errors are much smaller
than those of individual-level surveys.
The critical limitation of the WSS dataset for studying wage inequality is
that self-employed workers, non-regular workers, and workers working in
establishments with fewer than five employees cannot be considered due to
the survey design. Since this limitation may lead to a biased evaluation of
the overall inequality of wages in Korea, the results have to be interpreted
for regular workers in establishments with more than five employees.
Another limitation is that, as the WSS comprises cross-sectional data,
unobserved heterogeneity among workers cannot be controlled for.5) To
observe the effects of unobserved worker heterogeneity on wage inequality
and check the robustness of the results derived from the WSS data, I use
Korean

Labor

and

Income

Panel

Study

(KLIPS)

data,

which

have

longitudinal features and provide information on workers similar to that
provided by the WSS for the 1998–2015 period. Unfortunately, the KLIPS
data provide information on only 5,000 regular employees each year and is
thus less representative. However, as wage inequality (measured by the
variance in log real hourly wages) in the two datasets shows similar rising
trends, there appears to be no serious problem with using the KLIPS to
3) The WSS data do not provide an industry classification more detailed than the two-digit codes. Barth et al.
(2016) demonstrated that in the U.S. labor market expanding industrial categories from one-digit to two-digits
contributes significantly to wage inequality, while the effects of more detailed categories are modest.
4) Unfortunately, since these establishment identifiers are randomly assigned by the Korea Ministry of
Employment and Labor, I cannot combine this dataset with establishment-level micro data due to the
absence of common identifiers.
5) Several recent studies on wage inequality using large longitudinal worker datasets have reported that
unobserved heterogeneity among workers contributes significantly to changes in wage inequality in the
U.S. and Germany (e.g., Card, Heining, and Kline, 2013; Song et al., 2015)
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check the robustness of the results from the WSS.

KED: Firm-level Balance Sheet Data
The Korea Enterprise Database (KED) offers data on financial statements
and the number of regular workers at Korean firms in order to assign
credit ratings. It covers 2000 to 2015 and 50% of Korean firms.6) This
database is useful for studying wage inequality because it includes many
small firms with fewer than 50 regular employees, unlike other available
firm-level balance sheet data. In 2015, small firms with fewer than 50
employees accounted for 89.32% of all firms, and their share of sales was
22.7%. The high share of small firms and their low share of sales clearly
reflect the skewed distributional structure among Korean firms.

Merged Data
To observe the effects of worker characteristics and firm-side factors on wage
inequality, worker- and firm-level data must be merged into one dataset.
Because the worker-level datasets (WSS, KLIPS) do not provide public firm
identifiers, I cannot construct a linked employer–employee dataset. However,
data on industry(two-digit), establishment size(five categories), and year can be
used to link between worker- and firm-level data. Thus, I first average the WSS
and KED into industry-size levels per year using the provided weights and the
number of employees, respectively, and then combine them to construct
longitudinal data at the industry-size level.7) Although inequality between firms
cannot be observed using the combined dataset, inequality between industry-size
6) According to Korea’s National Tax Service, firms with more than 10 regular employees totaled about
145,000 in 2014, and the KED covers about 70,700 firms.
7) One possible criticism of this process is that the WSS provide establishment-level data, while the KED
provides firm-level data. As Korea is a small country, its numbers of establishments and firms do not differ
significantly. According to Korea Statistics, the number of establishments and firms with more than five
regular employees total 68,989 and 65,059 in the manufacturing sector, respectively. Firms with more than
two establishments constitute conglomerates such as Samsung and Hyundai. As establishments in such
conglomerates have more than 500 employees, the biases induced by combining establishment-level and
firm-level data are not large enough to contaminate the main results of this study.
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groups and its sources can be captured using worker- and firm-side variables
aggregated in industry-size-year cells.

2. Sample Selection
For the main analysis, samples are restricted to regular workers between
the ages of 20 and 60. I exclude those who work fewer than 10 days per
month and who earn less than the minimum hourly wage. I also exclude
the agriculture industry and several industries in service sector, such as
education, health, and social work (e.g., hospital), as well as arts-, sports-,
and recreation-related services (e.g., creativity and arts-related services),
membership organizations, repair and other personal services (e.g., labor
organizations and religious organizations), and extraterritorial organizations;
the association between wages and firm characteristics are not

likely to be

meaningful in those industries. The Korean government has revised its
industry classification twice, in 2000 and 2007 (i.e., the 8th and 9th Korea
Standard Industry Classification [KSIC], respectively) since 1994. Because
the recent revision provides more detailed classifications, I aggregate some
industries for time-series consistency over the analysis periods.8) The
manipulation of industry classification applies equally to all datasets (i.e.,
WSS, KLIPS, KED). The number of workers in the WSS data and firms in
the KED (two-digit industries) are presented in Table A1 in the appendix.
Figure A1 in the appendix presents the wage variance trends in the
original WSS data and the sample data restricted by the criteria mentioned
above. The gap between the two lines is minor, indicating that the effect
of the sample restrictions on wage inequality trends is not much.

8) For instance, the food and beverage industries belonged to the same industry under the two-digit
classification in the 7th and 8th KSIC but were separated in the 9th KSIC. Thus, I integrated them after
2007 to maintain classification consistency.
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3. Two Types of Wages
Two types of real (adjusted by CPI, 2015=100) hourly wages, fixed
and total wages, are used in this study. Their definitions are as follows:

Hourly Fixed Wage =

   overtime wage
 

 
Hourly Total Wage = hourly fixed wage + 
 

(1)

(2)

As mentioned in section 2.1, while regular wage, overtime wage, and
working hours provided in the WSS data are monthly (based on the June of
each year), performance pay is yearly data. It is thus divided by 12 to
convert yearly data into monthly data. Performance pay includes all types of
wages, except for fixed wages, such as non-production pays, incentives, and
bonuses.9) The difference between the two types of wages concerns whether
performance pay is included; the difference in their variance can therefore
be interpreted as the effects of performance pay on wage inequality.

Ⅲ. Performance Pay and Wage Inequality: A Korean Case
Lemieux et al. (2009) argued that the U.S. labor market phenomenon
whereby performance pay has caused wage distribution to be dispersed over
time comes mainly from the growth in the incidence of performance pay caused
by the reduced costs of collecting and processing worker performance
information. As performance pay is more sensitive to workers’ heterogeneous
abilities and actual performance than fixed wages are, it will increase wage
9) Considering several types of wages, Gittleman and Pierce (2015) consider a job to be a performance-pay job
if either of two conditions holds: the job has non-production bonuses such as holiday bonuses and cash
profit-sharing bonuses; or it has wages tied to commissions, piece-rate wages, production bonuses, or other
incentives. They use incentive-pay jobs to denote jobs that meet only the second condition. By contrast,
Lemieux et al. (2009) and Bryan and Bryson (2016) define performance-pay jobs as jobs for which wages
are, at least partly, determined by variable pay components such as bonus, commission, and piece-rate.
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Figure 1. Trends in Performance Pay: Share of Workers and S.D.

Note: This figure shows the trends in share of performance-pay workers and standard deviation of
performance pay using the WSS data. PP means performance pay. Standard deviations are
calculated using the workers' weights provided in the WSS data. The number of workers
used in this figure is 6,601,829 (1994-2015).

dispersion to a greater extent than would a payment system based on fixed
wages. Thus, growth in the prevalence of performance pay can worsen
wage inequality.
As Figure 1 shows, the explanation for the U.S. labor market does not
fit the Korean labor market. In Korea, the trend in the share of
performance-pay workers (the black line marked with circles) is declining,
while the standard deviation of performance pay (the light gray line
marked with diamonds) is increasing. Thus, performance pay prevalence
and inequality are negatively correlated in the Korean labor market. Figure
1 also shows that the contribution of workers who do not receive
performance pay to performance pay inequality is decreasing over time.
The light gray line of Figure 1 shows the trend in the standard deviation
of performance pay that includes zero values (performance pay=0), and
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the dark gray line shows the trend in the standard deviation that omits
zero values (performance pay>0). The gap between the two gray lines
shows a decreasing time trend, indicating that the performance pay gap
between performance-pay workers has been widening over time.
To

explain

negatively

why

correlated,

performance-pay

performance
I

workers.

must

pay

first

Figure

1

prevalence
explain
shows

and

Korea’s
that

inequality

are

high

share

of

Korea’s

share

of

performance-pay workers reaches about 90% in 1994 and despite a
decreasing trend, remains high at about 70% in 2015.10) These rates may
be attributable to two distinct features of the Korean labor market. The
first is Korean employers’ view that the costs of introducing a payment
system based on performance pay are low or close to zero. Korean
employers recognize that worker evaluations do not require advanced
technologies and can be conducted by managers or executives at no
additional cost.11) Because promotions and performance pay amounts are
determined according to the results of worker evaluations, performance pay
gives employers a tool for employee control. From the employer’s point of
view, the benefits of introducing performance pay may outweigh its costs
despite the potential unfairness and imprecision of the evaluation process.
The second factor is that employers in Korea have used performance pay
as a profit sharing method in order to adjust labor costs flexibly according
to the business situation. The wage-setting system of the typical firm in
Korea is a combination of fixed wages and performance pay, and wage
negotiations are conducted at the firm level (“decentralized industries”).12)

10) According to Lemieux et al. (2009), about 42% of workers were in performance-pay jobs from 1976 to
1988 in the U.S. labor market. As not all workers in performance-pay jobs are paid performance pay, the
ratio of workers who are paid performance pay falls to 12 or 13% on average over the same period.
11) According to a 2017 Korea Chamber of Commerce and Industry (KICC) survey, about 70% of Korean
workers are not satisfied with the fairness and effectiveness of their performance appraisal because
evaluation results depend heavily on the subjective judgments of managers and on workplace politics.
12) Rusinek and Rycx (2013) investigate the impact of different collective bargaining arrangements on the
relationship between firm profitability and wages via rent-sharing. They show that, in industries where
agreements are usually renegotiated at the firm-level (i.e., “decentralized industries”), wages and
firm-level profits are correlated more positively than they are in industries where firm-level wage
renegotiation is less common (i.e., “centralized industries”).
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Fixed wages are contracted wages that must be paid regardless of the
worker’s or firm’s performance. They are anchored by the job position and
increase along with promotion. By contrast, performance pay varies
depending on the firm’s financial situation and the worker’s abilities. Thus,
unless the firm’s performance is unexpectedly poor, performance pay is
paid to workers disproportionally based on their evaluations and the firm’s
business performance. These two unique characteristics of the Korea labor
market

might

motivate

almost

all

Korean

employers

to

introduce

performance pay.
These two factors can be linked to two plausible scenarios explaining
the decreasing trend in performance-pay workers. In the first scenario,
employers begin to realize that a more elaborate measure of worker
performance is required to attract able workers or enhance productivity by
providing fair incentives. Since this process necessarily entails associated
costs, firms may try to reduce the costs in several ways, such as by
classifying workers into performance-pay and non-performance-pay groups
according to worker characteristics or job position. This may cause the
decreasing trend in the share of performance-pay workers. In the second
scenario, some employers cannot pay for performance due to worsening
financial conditions. In this case, performance pay inequality may be
related to inequality across employers’ business performance more strongly
than to the returns associated with worker characteristics.
To determine which scenario is more likely, I divide workers into several
groups. Table 1 shows the trends in the shares of performance-pay workers
by group divided by education level, job, employer industry affiliation, and
size. Columns 1 to 5 of Table 1 show the share of performance-pay
workers at the given period, and column 6 shows differences in the shares
between the first period (1994–1997) and the last period (2013–2015) by
group. Although all groups show a decreasing trend in the share of
performance-pay workers, the change levels differ by group. Contrary to
expectations, the change levels show no significant differences across
education levels or jobs. If the decreasing trend is affected by STBC
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Table 1. Trends in Shares of Performance-Pay Workers by Groups
Period

Total
Education

Job

Industry

Size

Difference

(1)

(2)

(3)

(4)

(5)

94-97

98-02

03-07

08-12

13-15

90.04%

85.98%

82.54%

73.16%

70.71%

(5)-(1)
-19.32%p

Graduate

89.60%

85.42%

81.48%

74.12%

72.13%

-17.47%p

Non-graduate

90.23%

86.33%

83.55%

72.24%

69.02%

-21.21%p

Sales

84.14%

73.27%

61.52%

65.43%

63.74%

-20.40%p

Non-sales

90.33%

86.45%

83.03%

73.69%

71.21%

-19.12%p

Manu.

90.65%

87.63%

84.54%

78.47%

78.63%

-12.01%p

Non-manu.

89.13%

83.68%

79.89%

69.03%

64.06%

-25.07%p

<300

84.64%

77.68%

74.85%

67.38%

62.66%

-21.98%p

>=300

92.81%

91.50%

88.80%

82.71%

81.70%

-11.11%p

Note: This table shows trends in shares of performance-pay workers by several groups using the WSS data.
Graduate means those who have bachelor's degree. Employers' size is divided into two sub-groups by
the number of employees. The number of workers used in this table is 6,601,829 (1994-2015).

(Skill Biased Technology Changes) or job characteristics, it may be largely
attributable to workers who lack a bachelor’s degree (i.e., non-graduate) or
who are in non-sales positions.13) Meanwhile, the sub-groups divided by
employer industry affiliation and size show significantly different degrees of
d e c re a s i n g s h a re s i n p e r f o r m a n c e - p a y w o r ke r s : t h e s h a re o f
performance-pay workers drops by only 12.1%p and 11.11%p in the
manufacturing sector and in large firms (number of employees>300),
respectively, between period 1 (1994–1997) and period 5 (2013–2015).14)
This means that employers in non-manufacturing sectors and with equal to
or less than 300 employees have the steepest decreasing trend in
13) Generally, STBC and sales jobs are factors of increasing performance-pay workers. It is more
advantageous for employers to introduce performance pay as the productivity gap between more- and
less-skilled workers increases. As the performance of sales workers can be easily measured by sales level,
performance-pay schemes and commission contracts are widely used in sales jobs (MacLeod and Parend,
2000; Lemieux et al., 2009). This logic can also be applied to the situation where the share of
performance-pay workers is decreasing under the first scenario.
14) If high-skilled workers such as professionals and technitians are paid more for performance, this result
can be induced by the changes in job distribution on the support of establishment size between two
periods. 26.6% of high-skilled workers works at small establishments between 1994 and 1997, while
44.1% of them works at small ones between 2013 and 2015. This means that the change in job distribution between
two periods does not cause the large drop in shares of performance-pay workers of small establishments.
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Table 2. The Comparison of Two Types of Wages by Industry and
Establishment Size
Industry and Size

Average of (log real hourly) Wages
1994-1997
2003-2007
2013-2015
Total
Fixed
Total
Fixed
Total
Fixed

Industry (one-digit)
Mining and Quarrying

0.1151

-0.0771

0.4183

0.2155

0.5758

0.4338

Manufacturing

-0.1401

-0.3706

0.2543

0.0440

0.5181

0.3305

Electricity, Gas, Steam and
Water Supply

0.2438

-0.0498

0.8775

0.6060

1.0617

0.8283

Construction

0.0723

-0.1052

0.3315

0.2141

0.7153

0.6205

Wholesale and Retail Trade

-0.0600

-0.2674

0.3802

0.1916

0.4353

0.3155

Accommodation and Food
Service Activities

-0.1897

-0.3718

-0.0414

-0.1701

-0.0395

-0.0744

Transportation

-0.1121

-0.2846

0.2733

0.0966

0.4226

0.2865

Financial and Insurance
Activities

0.3333

-0.0303

0.8413

0.5100

0.9911

0.7464

Real Estate Activities and
Renting and Leasing

-0.4398

-0.6158

0.0526

-0.0851

0.2689

0.2028

0.1585

0.1284

0.1891

0.1552

0.1843

0.1559

Size 1: 10-29

-0.1573

-0.3169

0.1792

0.0443

0.3680

0.2737

Size 2: 29-99

-0.1962

-0.3767

0.1853

0.0278

0.3748

0.2666

Size 3: 100-299

-0.1119

-0.3357

0.3008

0.0826

0.4491

0.2879

Size 4: 299-499

0.0288

-0.2446

0.4628

0.1974

0.6682

0.4532

Size 5: 500+

0.1629

-0.1751

0.7041

0.3560

1.0759

0.7168

0.3202

0.1418

0.5249

0.3117

0.7079

0.4432

Weighted S.D.
Establishment Size
(Five Categories)

Size 5-Size 1

Note: This table shows the average log real hourly wages by industry (one-digit) and establishment size using
data from the WSS. The difference between total wages and fixed wages concerns whether performance
pay is included. The weighted standard deviations (labeled “Weighted S.D.”) are calculated using the
workers' weights provided in the WSS data.

the share of performance-pay workers. This result raises the possibility that the
decreasing share of performance-pay workers flows mainly from employer
characteristics: the widening business performance gap between industries and
sizes may be associated with the large drop in the share of performance-pay
workers.
Table 2 shows the contribution of performance pay to wage gaps across
industries and sizes by comparing two wage types: total and fixed wages.
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The weighted standard deviations (labeled “Weighted S.D.”) are calculated
using the weights provided in WSS data. Two results are noteworthy. First,
the weighted S.D. of industry average wages and the log wage differences
between size 1 (10–29) and size 5 (500+) are larger for total wages than
for fixed wages in all years. This indicates that performance pay is a factor
in wage gap increases. Second, while the differences in the weighted S.D.
of industry average wages between the total wage and fixed wage are
relatively stable over time, the differences in wages between size 1 and size
5 become much larger as time goes on. This raises the possibility that
employer size is a more influential factor than is employer industry in
explaining the effects of performance pay on wage inequality increases.
In this section, I have briefly described two distinctive features of
Korea’s labor market: the decreasing trend of the share in performance-pay
workers and the increasing inequality of performance pay. I have suggested
that these two features are more likely to be induced by employer-side
factors such as industry affiliation or employer size than by worker-side
factors such as education level or job. Another question then emerges: Are
the above-mentioned employer-side effects on wage inequality attributable
to the interaction between the returns (observable and unobservable) of
worker characteristics and performance pay and the sorting effects of these
characteristics across industries and sizes, or are they the pure effects of
industry-size groups? I will answer this question in the next section.

Ⅳ. Variance Decomposition: Within- vs. Between-Inequality
In this section, I first conduct a simple variance decomposition to
observe the trends in wage inequality within and between groups using the
WSS data without considering worker characteristics. I then implement a
full variance decomposition by estimating wage equation to identify
sorting effects and pure group effects on wage inequality, using the
WSS

and

KLIPS

data.

Industry

(two-digit),

industry-size

and five categories), and establishments are treated as groups.

(two-digit
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1. Simple Variance Decomposition
The variance of log real hourly wages can be decomposed into two
components, within- and between-variance. Let    be the log real hourly
  be the average log real wages of
wage of worker i in group g, and 

workers employed by group g. The two variances can be expressed by the
following

equations

  
 

where

and

     
 

present

the

between- and within-variance, respectively:

 ≡ 
    
 

(3)

 
   
    


(4)

I calculate each variance of equation (4) using the workers' weights,

 , provided by the WSS data, where the sum of the weights is equal to
1 (         ) within each year. The group weight is equal to the sum
of the workers' weights in that group (         ) within a year. With the
 presents
weight, equations (3) and (4) can be rewritten as follows where 

the weighted grand mean of the log real hourly wages:






    


 








    






    

(5)


    
  



   

 









(6)

Table 3 summarizes the results of the simple variance decomposition for
the

two

types

of

wages.

There

are

three

notable

features

worth

mentioning. First, the variance between industries contributes 4.4% of the
increased variance of total wages between 1994 and 2015, while the
variance between industry-size groups contributes 48.9%. This suggests
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Table 3. Within- and Between-Variances by Groups and Their
Contributions to Wage Inequality
Group

Variance

1994

2002

2008

2015

2008-1994

2015-1994

Change

Share

Change

Share

Total Wage
Total
Industry
Industry
+Size
Establish
ment

0.2546

0.3105

0.3965

0.3355

0.142

1.000

0.081

Within

0.2017

0.2477

0.3231

0.2791

0.121

0.856

0.077

0.956

Between

0.0529

0.0628

0.0733

0.0564

0.020

0.144

0.004

0.044

Within

0.1825

0.2108

0.2643

0.2238

0.082

0.577

0.041

0.511

Between

0.0721

0.0998

0.1322

0.1117

0.060

0.423

0.040

0.489

Within

-

-

0.1494

0.1309

-

-

Between

-

-

0.2471

0.2046

-

-

0.1940

0.2288

0.3007

0.2525

0.107

1.000

0.059

Fixed Wage
Total
Industry
Industry
+Size
Establish
ment

Within

0.1598

0.1897

0.2516

0.2178

0.092

0.895

0.058

0.992

Between

0.0342

0.0391

0.0491

0.0347

0.015

0.105

0.000

0.008

Within

0.1512

0.1722

0.2257

0.1929

0.075

0.773

0.042

0.713

Between

0.0428

0.0566

0.0750

0.0596

0.032

0.227

0.017

0.287

Within

-

-

0.1308

0.1169

-

-

Between

-

-

0.1699

0.1356

-

-

Note: This table shows contributions of changes in within- and between-variances to changes in wage
variances. The difference between total wages and fixed wages concerns whether performance pay is
included. Industry (two-digit), industry-size (two-digit and five categories), and establishments are treated
as groups. The list of included industries is in Table A1 in appendix. The numbers of establishments and
workers used in this figure are 55,504 (2006-2015) and 6,601,829 (1994-2015), respectively.

that the rising wage inequality is more attributable to the increase in the
variation

in

wages

across

establishment

sizes

than

to

that

across

industries. Second, although this pattern is commonly observed for fixed
wages, the magnitudes of the contributions of between-inequality (0.8% at
the industry level and 28.7% at the industry-size level) are much smaller
due to the absence of performance pay. This indicates that differences in
performance pay play an important role in the widening betweeninequality. Lastly, the variance between industry-size groups contributes
significantly
between

to

the

industry-size

between-establishment
groups

account

for

variance.

The

variances

53.5%(=0.1322/0.2471)

and
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54.6%(=0.1117/0.2046) of the variances between establishments in 2008
and 2015, respectively, suggesting that industry and establishment size
play an important role in explaining the effects of establishment heterogeneity on wage inequality.

2. Does Sorting Matter?
To conduct a full variance decomposition where worker characteristics
and sorting effects can be all considered, I estimate the following
augmented Mincer-type wage equation for the 1994-2015 period based
on Barth et al. (2016)’s model:

                    

(7)

In this equation,  is a vector of log real hourly wages for worker  in
group g;   is a set of independent variables for worker characteristics
(years of schooling, experience and its square [Mincer], union participation,
occupation dummies [nine categories], and interaction terms for each variable
with gender); and    is a vector of dummy variables for group g shared
by workers employed in group g. The residual  captures unobserved
factors

such

as

worker-group

match

effects,

unobservable

worker

characteristics, and purely transitory wage fluctuations. To allow the returns
of worker characteristics to vary over time, all models are fitted separately by
year.
One way to observe how the effect of each group contributes to wage
inequality is to compare the trends in residuals estimated by different
groups. I conduct four regressions using equation (7) for several groups:
no group (worker characteristics only), industry, industry-size, and
establishment. The four regressions have the same independent variables for
worker characteristics, but the group dummies are different. Owing to data
constraints, the regressions using establishment dummies are conducted from
2006 to 2015.
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Figure 2. Trends in the Variance of Residuals by Groups

Note: This figure shows the trends of the weighted variances of residuals estimated by the four
regressions using equation (7) for several groups. The difference between total wages and fixed
wages concerns whether performance pay is included. “No Group,” “Industry,” “Industry-Size,” and
“Establishment” denote the variances of the estimated residuals using the worker characteristics
(W.C.) only, W.C.+industry dummies, W.C.+industry-size dummies, and W.C.+Establishment dummies as
regressors, respectively.

Figure 2 plots the weighted variances of residuals estimated by the four
regressions. The top line (marked with circles) of the figure is the trend
of the weighted variance of log wages shown in the earlier section. The
second line (marked with X) is the variance of the residuals from equation
(7) with no group dummies. Although worker characteristics explain a
large portion of the total variance, the trend in the residual variance is
similar to the trend in the total variance of wages. This indicates that the
changes in wage inequality cannot be fully accounted for by worker
characteristics and their returns only. The third line (marked with
diamonds) and fourth line (marked with triangles) are the variances of the
residuals

from

the

models

with

two-digit

industry

dummies

and

industry-size dummies, respectively. One notable feature of these two
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lines is the difference between each line and the second line. The
difference between the second line and third line is stable over time,
suggesting that the contributions of between-inequality at the industry
level to changes in wage inequality are limited. By contrast, the difference
between the second line and the fourth line increases over time. This
reveals that size effects dominate the impact of industry-size groups on
wage inequality trends. The last line shows a substantial contribution of
establishment heterogeneity in explaining both the levels and changes in
wage inequality. The contribution of establishment heterogeneity to wage
inequality levels can be measured by the difference between the second
line and the last line. The flat shape of this line means that the trends that
are not explained by industry-size group effects are attributable to
establishment heterogeneity.
Finally, the most important feature observed in Figure 2 is the difference
between the left panel, for total wages, and the right panel, for fixed wages.
Although the phenomena explained above are observed in both panels, the
industry and industry-size group effects observed in the left panel for total
wages seem to make a large contribution to wage inequality. As mentioned,
this phenomenon denotes that performance pay played an important role in
the contribution of between-inequality to overall wage inequality. To add such
interpretation, the difference between two panels implies that the substantial
contribution of performance pay to between-inequality has not came from
worker characteristics. The fact that the amount of performance pay that is
paid by employers are less related to the observed labor quality provides a
possibility that it would be more related to firm-side factors unless sorting
effects dominate the effects of between-inequality on trends in wage
inequality.
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2.1 Full Variance Decomposition
In the previous section, by observing the estimated residuals trend by group,
I confirm the large contribution of between-inequality at the industry-size level
to the rising trends in wage inequality. As mentioned, this large contribution
comes from two components: group effects and sorting effects. I decompose
between-group variance into these two effects using equations (8) and (9)
  
formed by taking the variance of equation (7), where     


is the worker–worker segregation index across groups suggested by Kremer and
Maskin (1996), and      is a worker-group segregation
index:15)

           
              

(8)
(9)

Here,  shows the sorting effect by worker characteristics. If a firm employs
workers randomly by observed characteristics, then    . When a firm hires
observably similar workers,  will be close to 1. Similarly,  captures the
sorting effect between observed worker characteristics and group wage premiums.
If the observably more qualified workers are hired in groups with higher wages,
then  will be close to 1.16) The values of interest in equation (9) are the
extent of the ratio of group effects to overall variance,     ,
15) Barth et al. (2016) treated Var(u) as within-group variance. If establishment effects are completely
controlled by group dummies, Var(u) can be treated as within-group variance, as in Barth et al. (2016). In
this paper, however, since only industry or industry-size effects are controlled, establishment effects that
are not captured by industry or industry-size effects remain error terms. Thus, Var(u) is not included in
within-group variance.
16) Since the worker-group segregation index,  , comes from the covariance term in equation (8), the
difference between equations (8) and (9) concerns whether to consider the worker-worker segregation index.
If the worker-worker segregation index has a negligible quantity, we can measure the sorting effects using
the covariance term in equation (8). The estimated worker-worker segregation index is 0.133, 0.186, and
0.175 in 1994, 2008, and 2015, respectively. I consider that these figures are not negligible.
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Table 4. The Results of a Full Variance Decomposition
Group

Variance

2008

2015

2008-1994

2015-1994

1994

2002

Total

0.255

0.353

0.396

0.360

0.142

1.000

0.105

1.000

Between

0.053

0.083

0.073

0.073

0.020

0.144

0.020

0.195

Group Effect

0.023

0.043

0.037

0.034

0.015

0.105

0.012

0.113

Sorting Effect

0.030

0.041

0.036

0.039

0.006

0.039

0.009

0.082

0.099

0.124

0.133

0.114

0.034

0.239

0.015

0.140

Change

Share

Change

Share

Total Wages

Industry

Within

Industry
+Size

Residual

0.103

0.146

0.190

0.173

0.088

0.617

0.070

0.665

Between

0.072

0.126

0.137

0.137

0.065

0.457

0.065

0.622

Group Effect

0.037

0.064

0.080

0.083

0.044

0.309

0.046

0.440

Sorting Effect

0.036

0.062

0.057

0.055

0.021

0.149

0.019

0.182

Within

0.089

0.096

0.104

0.089

0.015

0.109

0.000

-0.00

Residual

0.093

0.131

0.155

0.133

0.062

0.434

0.040

0.379

Fixed Wages

Industry

Total

0.194

0.272

0.301

0.263

0.107

1.000

0.069

1.000

Between

0.034

0.056

0.049

0.045

0.015

0.139

0.011

0.159

Group Effect

0.012

0.025

0.020

0.016

0.007

0.068

0.004

0.058

Sorting Effect

0.022

0.031

0.029

0.029

0.008

0.071

0.007

0.102

0.080

0.095

0.105

0.085

0.025

0.235

0.005

0.071

Within

Industry
+Size

Residual

0.080

0.121

0.146

0.133

0.067

0.625

0.053

0.769

Between

0.041

0.074

0.076

0.072

0.035

0.325

0.031

0.445

Group Effect

0.018

0.036

0.038

0.038

0.020

0.183

0.020

0.294

Sorting Effect

0.023

0.038

0.038

0.034

0.015

0.142

0.010

0.151

Within

0.078

0.085

0.093

0.076

0.015

0.144

-0.002

-0.02

Residual

0.075

0.113

0.132

0.115

0.057

0.531

0.040

0.578

Note: This table shows the results of a full variance decomposition for two types of wages using the WSS
data and equation (9). The difference between total wages and fixed wages concerns whether
performance pay is included. The sorting effects include the worker-worker segregation effect
     and worker-group segregation effect       where  shows the sorting effect
by worker characteristics and  captures the sorting effect by the association between observed worker
characteristics and group wage premiums.

and its trend over time.
Table 4 shows the results of a full variance decomposition for total wages
and fixed wages using equation (9). When industries are treated as groups,
the share of the change in variance of total wages between 1994 and 2015 is
largely explained by the change in variance of the residuals (66.53%).
Moreover, the change in variance between industries explains just 11.33% of
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the change in the variance of total wages. These results indicate that
observed worker characteristics and employer industry affiliation cannot fully
account for the trend in the variance of total wages. By contrast, the
contribution of the residual decreases to 37.94% when industry-size is treated
as groups. Furthermore, what dominates the increased variance in total wages
is the increased inequality between industry-size groups (62.2%), which is
attributable mainly to group effects, not sorting effects. The group effects
account for the bulk of the between-group variance (0.4403/0.662=66.5%),
and, while the variance in total wages decreases from 0.3956 to 0.3596
between 2008 and 2015, the variance between industry-size groups increases
from 0.0803 to 0.0828. This means that, though wage inequality shows a
decreasing trend between 2008 and 2015, the group effects at the
industry-size level are consistently increasing since 1994, and the decreasing
trend of between-inequality between 2008 and 2015 observed in the simple
variance decomposition of section 3 is induced not by group effects but by
other effects, such as worker characteristics and residuals.
Two interesting features are captured by comparing between the results for
total wages and fixed wages. First, the share of the variance between
industry-size groups from 1994 to 2015 drops steeply from 62.2% to 44.49%
when performance pay not included in wages, while the decreased share of the
variance between industries is smaller from 19.5% to 15.95%. This implies that,
even after worker characteristics are controlled for, the effects of performance
pay on wage inequality trend come mainly from the difference in performance
pay between establishment sizes. Second, the large drop in the variance between
industry-size groups is attributable to drop in the share of group effects from
44.04% to 29.35%, while the change in the share of sorting effects is modest.
This reveals that the differences in performance pay between industry-size
groups depend not on assortativeness of workers between them but on their
own characteristics.
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Figure 3. The Results of a Full Variance Decomposition

Note: This figure plots the average of industry-size group effects in 1994 and 2015 by 100 wage percentiles.
The difference between total wages and fixed wages concerns whether performance pay is included or
not. The average of group effects are calculated by the estimates of    in regression equation (7).

2.2 Distributional Changes in Industry-Size Group Effects
The variance in the estimated group effects cannot capture their
distributional features. To observe the group effects at industry-size levels
along with wage distribution between 1994 and 2015, I plot the average
industry-size group effects in 1994 and 2015 by 100 wage percentiles in
Figure 3. The upward slopes observed in all lines indicate that wages and
industry-size group effects are positively correlated regardless of the year
or type of wages. According to the left panel for total wages, the rising
inequality

between

industry-size

groups

is

derived

from

three

distributional factors: the deterioration of group effects at the bottom 50%,
the increase of group effects at the top 50%, and the soaring group effects
at the top 5% of wage distribution. In the right panel for fixed wages, the
effects of the first factor are relatively small, and the effects of the third
factor disappear. These results reveal that the greater polarization of group
effects in 2015 than in 1994 is caused largely by the performance pay
differentials between industry-size groups.
The changes in group effects by wage percentile between 1994 and
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2015 can be decomposed into two additional effects: composition effects
and wage premium effects. The composition effects reflect how changes in
workers’ group compositions within wage percentiles affect differences in
the group effects; the wage premium effects reflect how industry-size
wage premiums affect differences in the group effects between two years.
Although the group wage premiums are identical between two years, if
workers

employed

by

groups

where

wage

premiums

are

low

are

concentrated at the bottom 50% of total wages in 2015, the estimated
group effects under the support of total wages is more polarized. By
contrast, if the workers’ industry-size group composition within wage
percentiles is identical between two years, then the phenomenon shown in
Figure 3 is affected mainly by the wage premium effects. The two effects
can be expressed by the simple equations below:
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(10)


      

(11)


      
  
           



(12)






where 
  is the estimated group effects averaged at wage percentile p and

period t; 
   is the estimated group effects of group g at period t;  and
  is the number of workers at wage percentile p and the number of

workers employed by group g at wage percentile p and period t, respectively;
   is the share of workers employed by group g within wage percentile p at

period t; and k is the number of industry-size groups.17)

17) This type of decomposition has been used in the literatures on poverty to decompose the changes in
poverty measures into population shift effects and group effects (e.g. urban and rural). See Son (2003),
Khan et al. (2003) and Heshmati (2004) for details.
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Figure 4. Wage Premium Effects vs. Composition Effects

Note: This figure plots ‘wage premium effects’ and ‘composition effects’ by 10 wage percentiles
calculated by equation (12). The line marked with triangles is the wage premium effects; the
line marked with circles is the distribution effects; and the dash line shows the difference of
average group wage premiums by 10 wage percentiles between 1994 and 2015.

Figure 4 illustrates the results of the decomposition using equation
(12). The line marked with triangles is the wage premium effects; the line
marked with circles is the composition effects; and the dashed line shows
the difference in average group effects between 1994 and 2015 by 10
wage percentiles. The sum of the composition effects and wage premium
effects equals the difference in the average group effects. Figure 4 reveals
that the decline in group effects at the bottom 50% of the wage
distribution is attributable mainly to composition effects, while their
increase at the top 50% is due primarily to wage premium effects. The
fact that the composition effect is more influential than the wage premium
effect at the bottom 50% of wage distribution implies that workers in
low-wage industry-size groups are concentrated at the bottom 50% of
the

wage

distribution

in

2015

relative

to

the

1994

distribution.

Furthermore, the fact that the wage premium effect is more influential at
the top 50% implies that the industry-size groups comprising workers at
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the top 50% of the wage distribution pay more wage premiums.

3. Effects of Unmeasured Worker Heterogeneity
One plausible criticism of the findings from the cross-sectional data is
the

effect

of

unmeasured

heterogeneity

across

workers

on

between-inequality. It could be argued that, if we do not control for
unobserved worker characteristics, the variance between groups could
display large biases. Specifically, the group effects of regression equation
(7),

   ,

may

capture

the

average

level

of

workers'

unmeasured

characteristics as well as the wage premium of each group. Thus, if there are
systematic differences in unobserved heterogeneity across groups and if they
dominate the between-inequality, the estimated group effects shown in Table
3 and 4 would be attributable not to the pure group effect, but to the sorting
effects from unobserved worker heterogeneity.
Krueger and Summers (1988) suggest two possible strategies for
addressing this problem. The first approach considers alternative models in
which some control variables for labor quality are ruled out in order to
observe the effects of the excluded variables on the group effects. If wage
differentials across industry-size groups are significantly affected by workers’
unmeasured heterogeneity, then the variance between groups would vary
according to the excluded control variables. Table 5 shows the contribution
of group effects (     ) estimated from the alternative models to wage
variances using the WSS data. Here, model 1 includes years of schooling
only; model 2 includes experience, its square, and the variables in model 1;
model 3 includes interaction terms for the variables used in model 2 with
woman, occupation dummies (nine categories), and the variables used in
model 2; and the full model is the same as that reported in Table 4. The
results show that the shares of between-variances are stable regardless of
model specification, namely 45.29% in model 1 and 44.03% in the full model
between 1994 and 2015. The last column shows the correlation of the
coefficients for the group effects estimated in models 1 to 3 with the full
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Table 5. The Contribution of Industry-Size Effects:
Alternative Models for Labor Quality
Variance

1994

2008

2015

2008-1994
Change

Share

2015-1994
Change

Share

Correlations
of Coefficients

Model

0.255

0.396

0.360

0.142

1.000

0.105

1.000

-

Model 1

0.053

0.101

0.100

0.049

0.344

0.048

0.453

0.926

Model 2

0.049

0.105

0.105

0.056

0.393

0.056

0.531

0.974

Model 3

0.038

0.087

0.089

0.049

0.345

0.051

0.486

0.996

Full Model

0.037

0.080

0.083

0.044

0.309

0.046

0.440

-

Note: This table shows the results of variance decompositions using the equation (9) to explore the effects of
labor quality on group effects. Model 1 includes years of schooling only; model 2 includes experience,
its square, and the variables in model 1; model 3 includes interaction terms for the variables used in
model 2 with woman, occupation dummies (nine categories), and the variables used in model 2; and
the full model is the same as that reported in Table 4. The last column shows the correlation of the
coefficients for the group effects estimated in models 1 to 3 with the full model.

model. The estimated coefficients for the group effects are highly correlated
across the models irrespective of control variables.
The second approach is to analyze the longitudinal data. Using the
KLIPS data, I estimate wage equation (13), in which the term   is added to
equation (7) to control for workers' unmeasured heterogeneity within two
intervals: 1998-2003 and 2004-2008.
                  

(13)

The independent variables in regression equation (13) are the same as
those in equation (7). The dependent variable,    , is the same as total wage
defined in section 2.3. Workers with fewer than three observations within a
period are dropped. The variance decomposition for equation (13) can be
expressed as follows:

             
              

(14)

29

BOK Working Paper No. 2018-4

Table 6. The Effects of Unobserved Characteristics of Workers
(Industry-Size Level, KLIPS)
Variance

Period 1

Period 2

(1998-2003)

(2004-2008)

Change

Share

(P2-P1)

A. Simple Variance Decomposition
Total     

0.2969

0.3377

0.0409

1.0000

  
Between     

0.0897

0.1299

0.0402

0.9833

  
Within      

0.2071

0.2078

0.0007

0.0167

B. Full Variance Decomposition
  

0.0345

0.0336

-0.0009

-0.0231

  

0.2163

0.2235

0.0072

0.1755

   
               

   

0.0317

0.0539

0.0222

0.5426

-0.0292

-0.0065

0.0226

0.5532

0.0435

0.0334

-0.0102

-0.2483

6,319

5,854

-

-

The number of observations

Note: This table compares the results between a simple variance decomposition and a full variance
decomposition using the KLIPS data. The model in part B is estimated by the equation (13), and
variance decompositions are implemented by the equation (6) and (14), respectively.

My interest in equation (14) is whether the variance in group effects at
the industry-size level,   , is still meaningful in explaining the trends in
wage inequality, even after controlling for unmeasured worker heterogeneity,
  . Table 6 shows the results of a simple variance decomposition using

equation (6) and a full variance decomposition using equations (14). The
results of the simple variance decomposition show that although the levels of
between-variances are less than within-variances (e.g., 0.0897 vs. 0.2071 in
period 1), the changes in between-variances at the industry-size level
dominate the changes in wage variance (98.33%). The results of full variance
decomposition shows that although the levels in the variances of estimated
worker heterogeneity substantially explains wage differentials among workers
in

all

periods

(72.85%[=0.2163/0.2969]

in

period

1

and

66.18%

[=0.2235/0.3377] in period 2), the contribution of their changes to wage
variances changes (17.55%) is much smaller than the contribution of their
changes to group effects (54.26%).
In sum, the results of the two approaches discussed above suggest that
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the findings of the cross-sectional analysis are robust to the effects of
worker heterogeneity on wage inequality trends.

Ⅴ. Firm-side Factors and Between-Inequality of Wages
I have shown that changes in between-inequality explain a large
portion of the changes in wage inequality. In this section, I investigate the
relation between firm-side factors and the between-inequality of wages
using the merged data from the WSS and KED introduced in section 2.1.
Owing to the limited time period covered by the KED, the analysis period
of this section covers 2000 to 2015.
Previous

studies

discuss

two

issues

concerning

the

estimation

of

firm-side effects on wage determination and inequality. The first is how
to control for the effects of human capital on wage inequality. Unless the
differentials in human capital among groups are controlled for, the effects
of

firm-side

factors

on

wage

inequality

can

be

overestimated.

Blanchflower et al. (1996) adopted two strategies to address this problem:
they averaged out human capital variables at the worker-level to those at
the industry-level, and they conducted two-stage regressions of wage
equations. They took the coefficients of group dummies in the first stage
and used them to form the dependent variable in the second stage. Barth et
al. (2016) used variables calculated by averaging the estimated values,
    , in wage equation (7) into firm-level values. To observe the effects of

worker characteristics on wage inequality at the industry-size level, I adopt
Barth et al. (2016)'s strategy.
The second issue is the reverse causality between wages and firm-side
variables,

particularly

productivity-related

(or

profit-related)

variables.

The employment of highly qualified workers, which implies greater
remuneration, can lead to greater labor productivity for employers. There
are two ways to address this problem: adopting lagged variables of labor
productivity, or finding good instrumental variables. Carlsson et al. (2014)
and Guiso et al. (2005) utilized the lag variable of labor productivity to
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address the endogeneity problem. Other studies, such as Barth et al.
(2016) and Card et al. (2014), took the labor productivity of the same
industry outside the region of the observed employer as the instrument. In
this analysis, the former method is adopted. Since Korea is small compared
to countries such as the U.S. or Portugal where previous studies have
analyzed, the instruments are not likely to be exogenous. Moreover,
Blanchflower et al. (1996) suggested that shocks to labor productivity (or
profit) might take time to be passed on in wages. This is acceptable for the
wage-setting system used for Korean workers because one year’s wage
usually depends on the previous year’s performance.
The analysis years, 2000 to 2015, are divided into two comparable
periods: 2000–2008 and 2009–2015. From section 3, we know that, if
worker

characteristics

are

controlled

for,

between-variance

at

the

industry-size level has an increasing trend between 2000 and 2015 in
spite of the decreasing wage variance trend after 2008. Thus, this section
seeks to identify what kinds of firm-side factors make between-inequality
more dispersed between the two periods. To decompose the changes in
between-inequality
coefficient

effects

into

covariate

effects

(“price

effects”)

between

(“quantity
the

two

effects”)
periods,

and
I

use

Machado and Mata (2005)'s method based on quantile regression. While
traditional wage decomposition methods such as the Oaxaca decomposition
hinge on the effects of covariates and coefficients at a mean level (Oaxaca,
1973), Machado and Mata (2005)'s method allows us to factor in
heterogeneous effects of firm-side factors along with wage distribution
and to observe the marginal effect of each variable on changes in wage
inequality by calculating counterfactual variances.

1. Firm-Side Factors
Labor Productivity
The main variable in this analysis is labor productivity per worker
adjusted by PPI (2010=100). In previous studies, the estimated coefficient
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on labor productivity has been referred to as “rent-sharing elasticity’’ or
the “rent-sharing parameter.’’ The measure of labor productivity per
worker

used

in

this

study

is

the

value-added

per

worker.

The

value-added per worker in firm  , with employees  , labor cost  , profit

  , tax-related cost  , financial cost  , and depreciation   can be
calculated as follows:

           





(15)

The original definition of value-added is the value of the total output
less the value of intermediate goods. Because value-added is distributed
among several costs and the profit in balance sheets, I calculate it using
equation (15). The measures for labor productivity most widely used in
the literature are sales per worker and value-added per worker. As Card
et al. (2016) pointed out, since sales per worker can be affected by
intermediate inputs and services that are purchased rather than produced
in-house,

I

choose

value-added

per

worker

as

a

proxy

for

labor

productivity.18)

Capital-to-Labor Ratio
Several recent studies have shown the positive and significant effects
of the capital–to–labor ratio on wages (e.g., Arai, 2003; Leonardi, 2007
).19) The research shows that the capital-to-labor ratio (adjusted by PPI,
2010=100) reflects the role of technology in the evolution of wage
inequality. The fact that technology is embodied in physical capital implies
that labor costs are a minor part of firms’ costs; thus, firms with high
18) Card et al. (2016) showed biases in the two measures of labor productivity using a simple linear
technology equation. According to their simple model, value added per worker can be a valid index of
TFP when the average quality of human capital is controlled for.
19) Leonardi (2007) showed the important role of the capital-to-labor ratio in explaining the residual wage
inequality in the U.S. from 1970 to 2002. He called the wage premium induced by differentials in
capital-to-labor ratios across firms a “capital intensity premium”

33

BOK Working Paper No. 2018-4

capital-to-labor ratios may be more favorable to high wage demands.
Moreover, since high capital-to-labor ratios may also reflect the high
fixed costs required for a new firm’s entry, workers employed in firms
with high capital-to-labor ratios are paid more. In light of efficiency
wages, as pointed out by Salop (1979) and Akerlof and Yellen (1986), if
high capital-to-labor ratios lead to increases in turnover costs or poor
performance costs, firms with high capital-to-labor ratios will pay more
to evade them. The capital-to-labor ratio used in this study is calculated
as tangible assets (e.g., equipment and plants) divided by the number of
employees.

Other Factors
The control variables used to reduce the biases in estimating the
effects of labor productivity and the capital-to-labor ratio on wage
inequality are alternative wages at the industry-year level and averaged
worker characteristics at the industry-size-year level. First, alternative
wages are the average wage of the (two-digit) industry of each year that
would affect the average wage of industry-size groups through several
paths, such as bargaining power of workers and demand-supply conditions.
Since

the

average

wages

of

two-digit

industries

are

affected

by

within-group wage levels, the wages in the industry’s group are not
included when calculating the average wages of the industries.20) Second,
worker characteristics are (as mentioned) represented by averaging the
values of

 estimated separately by years in equation (7) into

industry-size-year level.

20) For instance, the alternative wage of industry A of size category 1 (10–29 employees) is the average wage
of the groups including industry A of size categories 2 to 5.
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2. Results I: Firm-side Factors and Wage Determination
Prior to decomposing wage inequality using quantile regression, the
effects of firm-side factors on mean wages are estimated using the OLS
method as the basic results. Consider the following regression equation:

            ind    

(16)

where  is a vector of average log real hourly wages for industry-size
group g in period t from the WSS data;      and    are vectors of log
real labor productivity per worker of the previous year (lag 1) and of the
capital-to-labor ratio for industry-size group g in period t from the KED,
respectively;   and   are vectors of log real alternative wages and
worker characteristics of group g in period t, respectively;  are two-digit
industry dummies used to control for the unobserved characteristics of
industries;   are year dummies representing the economy condition of each
year;  is an unobserved time-varying errors.
Table 7 reports the estimation results using regression equation (16).
All regressions are weighted by weights provided by the WSS so as to
capture the composition of industry-size groups. While the estimation of
the rent-sharing parameter is 0.428 when not considering the other
factors (model [1]), adding worker characteristics to model (1) reduces it
to 0.296. This result implies that about 30% of the positive effect of labor
productivity on wages is due to the sorting of workers across industrysize groups. The rent-sharing parameter is further reduced to 0.143 when
the capital-to-labor ratio and alternative wages are included. As expected,
the

capital-to-labor

ratio

and

significant effects on wages (model

alternative

wages

have

positive

and

[4]).21)

21) Card et al. (2016) summarized the estimation results for rent-sharing parameters in previous studies,
revealing that they were estimated in the range of 0.05 to 0.15. In light of the results of previous studies,
the estimated rent-sharing parameters shown in Table 7 are reliable.

35

BOK Working Paper No. 2018-4

Table 7. The Effect of Firm-side Factors on Wage Determination:
Industry-Size level
(1)

Dep. Var:
log hourly wages

(3)

(4)

***

***

0.428

0.296

(0.043)

(0.052)

Capital-to-Labor

***

0.216

(6)

1.185***

Fixed Wage
***

0.143

***

0.089

0.093***

0.054**

(0.040)

(0.038)

(0.016)

(0.026)

(0.023)

0.097***

0.160***

0.059***

0.100***
(0.021)

(0.031)

W.C.

(7)

0.082***

Alternative Wages

Constant

(5)

Total Wage

L1.Labor Productivity
Per Worker

(2)

1.243***

(0.028)

(0.011)

(0.018)

0.480***

-0.056

0.583***

0.034

(0.112)

(0.088)

(0.092)

(0.111)

0.767***

1.217***

0.546***

1.032***

(0.093)

(0.076)

(0.131)

(0.065)

(0.096)

(0.124)

-3.420***

-2.689***

-2.717***

-2.215***

-2.244***

-1.366***

-1.362***

(0.383)

(0.429)

(0.393)

(0.418)

(0.118)

(0.254)

(0.242)
Yes

Industry Dummies

No

No

No

No

Yes

No

Year Dummies

Yes

Yes

Yes

Yes

Yes

Yes

Yes



0.340

0.666

0.711

0.746

0.855

0.806

0.881

Number of
observations

2,320

2,320

2,320

2,320

2,320

2,320

2,320

Note: Labor Productivity is measured by the value-added per worker. Its lagged values are used so as to
reduce endogeneity problems. Capital-to-labor ratio is calculated as tangible assets (e.g., equipment and
plants) divided by the number of employees. Alternative wages are the average wage of the (two-digit)
industry except for own size group. The worker characteristics are the average of    from equation
(7) at the industry-size level. Year dummies are included in all models. All regressions are weighted by
weights provided by the WSS. Standard errors clustered by two-digit industry are in parentheses. *, **
and *** indicate the 10%, 5% and 1% significance level, respectively.

Model (5) adds two-digit industry dummies to model (4), allowing the
estimated coefficients in model (5) to be interpreted as the effects of
within-industry

and

between-sizes

of

firm-side

factors.

Although

the

rent-sharing parameter decreases when industry dummies are added, its drop
from 0.143 to 0.089 is modest. This indicates that the significant and positive
effects of labor productivity on wages via firms’ rent-sharing behaviors are
more larger among employer sizes than among industries. Next, the
coefficient of the capital-to-labor ratio, contrary to the rent-sharing
parameter, increases from 0.097 to 0.160, implying that the positive
correlation between the capital-to-labor ratio and wages is also much stronger
among sizes than among industries.
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Models (6) and (7) show the results for fixed wages. All model
specifications are the same as in models (4) and (5) for total wages. As
expected, the rent-sharing parameters are reduced compared to the
results for total wages, implying that paying for performance is one way in
which employers exhibit rent-sharing behavior. The coefficients of the
capital-to-labor ratio also decrease compared to the results for total
wages. Moreover, the declines in the coefficients of the capital-to-labor
ratio are even larger than for labor productivity when industry dummies
are included. The fact that the effects of the capital-to-labor ratio are
sensitive

to

performance

pay,

even

more

sensitive

than

is

labor

productivity, indicates that, although firms with higher capital-to-labor
ratios are more favorable to demands for higher wages for several reasons
(such as minor labor costs, the advantages of high fixed costs, and reduced
turnover costs), the wage premiums from heavy capital dependency are
also

associated

with

the

performance

of

workers

and

employers.

Alternative wages appear to be more sensitive to fixed wages than to total
wages. This means that wage gaps between groups via different bargaining
power of workers and demand-supply mismatches of labor are reflected
more strongly in fixed wages than in total wages.

3. Results II: Marginal Effects of Firm-Side Factors on Between-Inequality
In the previous section, I show the significant effects of the study’s
variables on wage determination. This final section explores the sources of
the changes in between-inequality between the two periods (2000-2008 and
2009-2015). Changes in wage inequality have to be captured according to
changes in wage distribution. The analysis in the previous section cannot be
extended to an analysis of the entire wage distribution. Beyond the
traditional decomposition methods, in this section, I adopt the methods of
Machado and Mata (2005) based on quantile regression and a simulation
technique to investigate the marginal effects of each variable on changes in
between-inequality.
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Figure 5. Firm-Side Factors by Wage Quantiles and Periods

Note: This figure provides information on the variables by 10% quantile of total wages averaged at the
industry-size level (x-axis) and two periods. X-axis means 10 quantiles of the average wages at
industry-size level. Labor productivity is measured by the value-added per worker. Capital-to-labor
ratio is calculated by tangible assets (e.g. equipment and plants) divided by the number of
employees. Worker characteristics are the average of    from equation (7) at the industry-size
level. The detailed information on the variables is in section 5.1.

3.1 Covariate Effects on Between-Inequality
Figure 5 provides information on the variables by 10% quantile of total
wages averaged at the industry-size level (x-axis) and two periods (shown
by the black lines marked with circles [2000–2008] and the gray lines
marked with diamonds [2009–2015]). From these figures, we can see
roughly which covariates affect the changes in between-inequality. The first
plot shows that the decrease in between-inequality between the two periods
is attributable to industry-size groups placed at the top 30% of average
wages. They show a smaller increase in wages than do the other wage
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quantiles. I have already shown in section 4.2.1 (the full variance
decomposition) that the between-industry decrease is induced by worker
characteristics. Although between-inequality shows decreasing trends between
2009 and 2015 in the simple variance decomposition, it shows a
continuous increase since 1994 if worker characteristics and sorting effects
are controlled for. The last plot for worker characteristics supports these
results, showing that the difference between the two lines narrows at the
top 30% wage quantile.
The second plot for labor productivity shows two important facts. First,
regardless of the period, labor productivity has upward slopes under the
support of wage quantiles. This shows that wages and labor productivity are
positively correlated, as predicted by efficiency wage models. Second, while
labor productivity is similar at the bottom 80% wage quantile between the
two periods, it decreases at the top 20% of wages in the second period. This
means that the difference in labor productivity between the bottom 80% and
top 20% wage quantiles is smaller in period 2 than in period 1, suggesting
that those changes may cause between-inequality to be less dispersed. The
third plot for the capital-to-labor ratio shows that the differences in ratios
between the two periods are minor, except for the 90% quantile.

3.2 Coefficient Effects on Between—Inequality
The next step is to estimate for prices of covariates using quantile
regression

and

evaluate

their

contributions

to

changes

in

between-

inequality. Given a vector of covariates, z, let    for  ∈    denote
the  th quantile of the distribution of the log hourly average wages at the
industry-size level. The conditional quantiles can be modeled by equation
(17) where    is a vector of the quantile regression coefficients.    can
be estimated by minimizing equation (18) in    using linear programming
methods (Koenker and Basset, 1978):
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Figure 6. The Estimate Results of Quantile Regression by Periods
(Total Wages)

Note: This figure shows the coefficient estimates, 
 , using equation (18). The regressions are implemented for
every 2.5% wage quantiles. X-axis means 2.5% quantiles of the average wages at the industry-size level.

      ′  




   ≥ ′

(17)



    ′   



    ′

      ′  

(18)

, by 2.5% wage quantile. The
Figure 6 shows the coefficient estimates, 
dotted lines represent period 1 (2000–2008), and the solid lines represent
period 2 (2009–2015). The changes in coefficients for labor productivity
decrease at the bottom quantiles between the two periods, while they increase
at the upper quantiles. This implies that the changes in rent-sharing
parameter cause between-inequality to become more dispersed. The estimated
coefficients for the capital-to-labor ratio show the opposite shapes between
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the two periods. While wages and the coefficients are negatively correlated at
period 1, they are positively correlated at period 2. This may be a factor that
increases between-inequality. The coefficients for worker characteristics are
crossed at about the 50% wage quantile, and the differences between the two
lines are greatest in the top quantiles. This may also cause between-inequality
to become more dispersed. Figure A2 in appendix shows the coefficient
estimates for fixed wages. When not considering performance pay, the
changes in coefficients of labor productivity are modest in the overall
distribution of wages, implying that performance pay workers are paid and
rent-sharing behavior of employers are highly associated.

3.3 Marginal Effects of Covariates and Coefficients
Changes in between-inequality come from both the changes in covariates
shown in Figure 5 and the changes in their coefficients shown in Figure 6.
To observe the marginal effects of the covariates and coefficients on changes
in between-inequality, I need to estimate the conditional distribution of wages
given z, and the marginal density of wages.
I follow two steps of Machado and Mata (2005)'s methods. The first is
generating the conditional distribution of wages given z. Under the
assumption that the conditional quantile function defined in equation (17) is
correctly specified at a sufficiently large number of points  , the conditional
distribution of wages can be simulated using the estimated parameters 
  
and probability integral transformation theorem: if U is a uniform random
variable on [0,1], then     has distribution F. Thus, if       are
drawn from a uniform (0,1) distribution, the corresponding m estimates of
the conditional quantiles of wages at z, z′  i m
i   , constitute a random
sample from the (estimated) conditional distribution of wages given z.
The second is estimating the marginal density of wages through a
procedure of integrating z out. In OLS, z can be integrated out easily using
the law of iterated expectations, but it does not work in quantile
regression since     ≠       . To address this problem, Machado

41

BOK Working Paper No. 2018-4

and Mata (2005) suggest the following simulation-based technique.
○ Generate a random sample of size k from a uniform distribution
U[0,1]:   

  
○ For each  and at time t, estimate the QR coefficients 

○ Generate a random sample of size k with replacement from the
empirical distribution of covariates (that is, from the rows of
covariates), denoted by zi tki  
○ Using the random sample of covariates and the estimated QR
coefficients, calculate a random sample of size $k$ that are from
t
 i ki  
the desired distribution: wi t   zi ′ t 

According

to

Autor

et

al.

(2005),

this

procedure

is

essentially

equivalent to numerically integrating the estimated conditional quantile
function over the distribution of z and  . Using this technique, I can
calculate the marginal effects of the covariates and coefficients on wage
variance. Suppose that only one covariate is changed and the other
covariates and all coefficients are unchanged between the two periods.
Then, the counterfactual variance can be expressed as the variance of
 
     
    is the changed covariate from the value of period 1 to
    is the estimated coefficient of the changed covariate at
period 2; 
    is a set of
period 1;  is a set of unchanged covariates; and 

coefficients for the unchanged covariates. Finally, we can interpret the
     
    and  
     
    as
difference in variance between 

the marginal contribution of changes in covariate  to between-inequality.



 

 

0.0834

0.1262

0.1056
[ 0.102 ; 0.1093 ]
0.117
[ 0.1127 ; 0.1216 ]
0.1221
[ 0.1174 ; 0.1269 ]
0.1373
[ 0.1324 ; 0.1423 ]
0.0888
[ 0.0854 ; 0.0923 ]
-

Total

[

[

[

[

[

0.0704
0.0681 ; 0.0728
0.0827
0.0796 ; 0.0859
0.0855
0.0823 ; 0.0888
0.0678
0.0653 ; 0.0704
0.0547
0.0525 ; 0.0568

Fixed

]

]

]

]

]

(Estimated) Counterfactual Variances
Covariate Effects
  
    
 

0.1023

0.1449

Fixed

0.1517
[ 0.1461 ; 0.1574 ]
0.1879
[ 0.1803 ; 0.1957 ]
0.1808
[ 0.174 ; 0.1878 ]
0.158
[ 0.1523 ; 0.1639 ]
0.1503
[ 0.1445 ; 0.1562 ]
0.1472
[ 0.1419 ; 0.1527 ]

Total

0.0998
[ 0.0962 ; 0.1035 ]
0.0926
[ 0.0891 ; 0.0961 ]
0.1136
[ 0.1093 ; 0.118 ]
0.0879
[ 0.0846 ; 0.0913 ]
0.1088
[ 0.1043 ; 0.1134 ]
0.1057
[ 0.1016 ; 0.1099 ]

Fixed

  
    
 

Coefficients Effects

0.0901
[ 0.0868 ; 0.0936 ]
0.0766
[ 0.074 ; 0.0791 ]

Estimated
0.131
[ 0.1262 ; 0.1359 ]
0.1169
[ 0.1129 ; 0.121 ]

Total

coefficients) are changed from values of period 1 to ones of period 2. The numbers in brackets are 95% bootstrap confidence intervals for variances looked
for through 10,000 iterations of bootstrap sampling.

  is a set of coefficients for the unchanged covariates. Aggregate means that all covariates (or all
at period 1;  is a set of unchanged covariates; and 



Note: This table provides the actual and counterfactual variances of two types of wages at the industry-size level. Raw and Estimated in the first part of this table indicate
    
  in the second part
the variances of wages calculated from the data and the variances of predicted wages,   , with k=5000, respectively.  

means the counterfactual variance where  is the changed covariate from the value of period 1 to period 2;   is the estimated coefficient of the changed covariate

Industry

W.C.

Alternative Wages

Capital-to-Labor Ratio

L1.Labor Productivity Per Worker

Aggregate

 or 

Period 1
(2000-2008)
Period 2
(2009-2015)

Actual and Estimated Variances
Raw
Total
Fixed

Figure 8. The Counterfactual Variances by Covariates and Coefficients Effects
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Table 8 presents the actual and counterfactual variances of wages. Raw
and Estimated in the first part of Table 8 indicate the variances of wages
calculated from the data and the variances of predicted wages,    , with
k=5000,

respectively.

The

numbers

in

brackets

are

95%

bootstrap

confidence intervals for variances looked for through 10,000 iterations of
bootstrap sampling. The wage variances from the data at periods 1 and 2
are 0.1449 and 0.1262 and the estimated variances are 0.131 and 0.1169,
respectively. The differences in the two variances between the data and the
estimated variances reflect variances explained by residuals. The estimated
variances explain a large portion of the variances from the data: about
90.4%(=0.131/0.1449) at period 1 and 92.6%(=0.1169/0.1262) at period 2.
The numbers in Covariate Effects and Coefficient Effects in the
second part of Table 8 show the counterfactual variances calculated
under

the

assumptions

of

changes

in

covariates

and

coefficients

separately. Aggregate indicates that all covariates (or all coefficients)
are changed from the values of period 1 to those of period 2. The
results show that the aggregate effect of the covariates is a factor that
decreases the between-inequality from 0.131 to 0.1056. The decreases
of dispersions in labor productivity and worker characteristics between
the

two

periods

contribute

significantly

to

alleviating

the

between-

inequality. The changes in labor productivity cause the between-inequality
to go from 0.131 to 0.117, and the changes in worker characteristics
decrease it to 0.0888. These results are in line with the observations in
Figure 5. In contrast to the covariate effects, the aggregate effect of the
coefficients is a factor that increases the wage variance from 0.131 to
0.1517. Among the estimated coefficients, the changes in the coefficients
of labor productivity and the capital-to-labor ratio are main factors in
widening the between-inequality from 0.131 to 0.1897 and to 0.1808,
respectively.

The

directions

of

the

effects

of

the

covariates

and

coefficients in fixed wages on between-inequality are similar to those
for total wages. The magnitudes of the effects are, however, quite
different. In particular, the effect of changes in the coefficients of labor

Establishment Size and Wage Inequality: The Roles of Performance Pay and Rent Sharing

44

productivity is much weaker: the wage variance increases only from 0.0910
to 0.0926 for fixed wages. The capital-to-labor ratio shows a pattern
similar to that of labor productivity.
These results can be supported by the efficiency wage theory of
Shapiro

and

Stiglitz

(1984),

Akerlof

and

Yellen

(1979)

and

Salop

(1979). According to Shapiro and Stiglitz (1984), higher wages can
impose a larger penalty for shirking and this motivates employees to
exert more efforts. As large firms face higher monitoring costs than
small firms, paying higher wages is a more efficient way for them to
elicit more effort from employees and minimize the monitoring costs.
The variation of rent sharing behaviors of large firms between periods 1
and 2, shown in Figure 6 and Table 8, can be understood in terms of
the process of pursuing greater efficiency via paying for performance.
Also, the variation of coefficients of the capital-to-labor ratio and its
effects on wage inequality between two periods can be understood using
the logic of Shapiro and Stiglitz (1984), Akerlof and Yellen (1979), and
Salop (1979), as mentioned in section 5.1.
Overall, the findings indicate that between-inequality has consistently
increased since 1994 despite a decreasing wage inequality trend between
2009 and 2015 when worker characteristics are controlled for due to
changes in the coefficients of firm-side factors between the 2000–2008
and 2009–2015 periods. Changes in rent-sharing parameters and the
coefficients of the capital-to-labor ratio are main factors in the rising
wage inequality between industry-size groups. These results are even
more clearly observed when performance pay is included in wages. This
means that paying for performance provides a channel through which
firms

share

their

rents

with

workers

and

compensate

for

capital

dependency. This employer behavior translates into a widening wage
distribution.
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Ⅵ. Conclusion
This study attempts to determine why wage inequality has increased in
Korea over the last two decades. Although observed (by econometricians)
and unobserved worker characteristics have explained wage inequality
levels,

their

effects

on

wage

inequality

trends

are

limited.

Rather,

industry affiliation and employer size underlie much of the increase in
wage inequality. Among industry and employer size, increased size–wage
effects

play

a

more

important

role

in

explaining

increasing

wage

inequality, while industry–wage effects are relatively stable over time.
One novel feature of this study is its consideration of performance
pay contributions to wage inequality. I show that performance pay is a
factor

causing

between-inequality

to

become

more

dispersed.

When

performance pay is included in wages, the changes in between-inequality
at the industry-size level account for 44.03% of the changes in wage
inequality between 1994 and 2015 after observed worker characteristics
and sorting effects are controlled for, while they account for 29.35%
when performance pay is not considered. This result is robust to
unobserved worker characteristics.
Furthermore, using a merged set of worker-level and firm-level balance
sheet data at the industry-size-year level, I examine the sources of
between-inequality changes between the 2000–2008 and 2009–2015 periods.
To overcome the drawbacks of the OLS mean-level approach, I adopt the
methodology of Machado and Mata (2005) based on quantile regression and a
simulation technique to estimate the marginal effects of covariates and
coefficients on changes in between-inequality. The results show that increasing
between-inequality is attributable to changes in the coefficients. Changes in the
coefficients

of

labor

productivity

(rent-sharing

parameters)

and

the

capital-to-labor ratio are the main factors in the rising between-inequality.
Firms paying higher wages have been more willing to share their rents with
workers and compensate more highly for capital dependency since 2009.
These results are much more clearly observed when performance pay is
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included in wages.
Overall, this paper describes the unique roles of performance pay in
wage inequality. Unlike Lemieux et al. (2009) and Bryan and Bryson
(2016), who examined the connection between performance pay and
worker

characteristics,

affected

this

between-inequality

study
at

shows

that

industry-size

performance

levels

more

pay

than

has

within-

inequality and that this phenomenon flows from the heterogeneity of
rent-sharing behaviors and compensation for capital dependency across
industry-size

groups.

These

results

imply

that

the

effects

of

performance pay on wage determination and inequality can vary according
to employers’ wage-setting strategies and business environment.
Finally, beyond the problem of inequality, it is necessary to consider
the effects of performance pay from various angles. Lemieux et al.
(2009) pointed out that performance pay can reflect workers’ marginal
productivity more accurately than fixed wage schedules can; this could
make

job-matching

more

efficient

even

if

wage

within-inequality

becomes more dispersed. By contrast, if the effects of

performance pay

are

industry-size

captured

chiefly

in

between-inequality

at

or

establishment levels—as in the case of Korea—performance pay could
have

negative

effects

on

both

labor

market

efficiency

and

wage

disparities. Moreover, in this situation, productive workers might be
concentrated in already productive firms in order to receive more
compensation, and this can lead to consistent wage gaps between already
productive and potentially productive employers. This could act as a
barrier to new businesses and innovations.
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Appendix
Table A1. The Analysis Industries and the number of observations
Industry (two-digit)
Mining and quarrying
Coal, Crude Petroleum and Natural Gas
Metal Ores
Non-metallic Minerals, Except Fuel
Manufacturing
Food and Beverages
Tobacco
Textiles, Except Apparel
Wearing apparel, Clothing Accessories and Fur Articles
Tanning and Dressing of Leather, Luggage and Footwear
Wood and Cork; Except Furniture
Pulp and Paper
Printing and Reproduction of Recorded Media
Coke, hard-coal and lignite fuel briquettes and Refined Petroleum
Chemicals and chemical products, except pharmaceuticals, medicinal ch.
Rubber and Plastic
Other Non-metallic Mineral Products
Basic Metal Products
Fabricated Metal Products, Except Machinery and Furniture
Electronic Components (Computer, Radio, and so on)
Medical, Precision and Optical Instruments, Watches and Clocks
Motor Vehicles, Trailers and Semitrailers
Other Transport Equipment
Furniture and Other manufacturing
Electricity, gas, steam and water supply
Electricity, gas, steam and air conditioning supply
Water Supply
Construction
General Construction; Special Trade Construction
Wholesale and retail trade
Sale of Motor Vehicles and Parts
Wholesale Trade and Commission Trade Except of Motor Vehicles
Retail Trade, Except Motor Vehicles and Motorcycles
Accommodation and food service activities
Accommodation; Food and beverage service activities
Transportation
Land Transport and Transport Via Pipelines
Water Transport
Air Transport
Telecommunications
Financial and insurance activities
Financial Institutions, Except Insurance and Pension Funding
Insurance and Pension Funding
Activities Auxiliary to Financial Service and Insurance Activities
Real estate activities and renting and leasing
Real Estate Activities
Renting and leasing; except real estate
Total

Number of
Workers

Number of
Firms

50,252
4,258
32,244

175
58
1,805

297,120
33,290
206,798
155,041
67,898
48,740
91,580
117,880
74,054
327,946
211,512
159,737
189,830
169,469
605,651
89,076
323,993
216,309
95,340

26,982
72
20,187
11,452
4,219
5,126
9,065
10,662
1,194
32,143
27,764
22,943
19,817
42,783
41,900
18,549
26,976
10,247
14,641

181,356
26,300

1,534
38

300,086

181,493

55,764
356,431
330,384

10,809
201,671
16,724

234,402

3,948

520,962
55,394
62,312
164,710

13,054
3,019
172
1,700

253,864
162,636
135,195

126
24
281

167,265
26,750
6,601,829

12,298
2,377
798,028

Note: The number of workers from the WSS are the sum of workers between 1994 and 2015. The number of
firms from the KED are the sum of firms between 2000 and 2015.
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Figure A1. The Comparison of Variances of (log) Hourly Total Wages
between Original Data and Sample Data

Note: Original data means the data before the manipulation of industry. The number of observations and
industries of the original data between 1994 and 2015 are 10,612,699 and 83, respectively. Sample
means the data after the manipulation of industry. The number of observations and industries of the
sample data in the same period are 6,601,829 and 37, respectively. Although about a half of
industries and 40% of workers in the original data are deleted by sample restriction, the trends in
variances of log real hourly total wage are similar.
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Figure A2. The Estimated Results of Quantile Regression by Periods
(Fixed Wages)

, using equation (18) for fixed wages. The regressions
Note: This figure shows the coefficient estimates, 
are implemented for every 2.5% wage quantiles. X-axis means 2.5% quantiles of the average wages at
the industry-size level.
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사업체 규모가 임금불평등에 미친 영향:
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임금구조부문(1994~

2015), 한국노동패널(1998~2008), 기업 재무제표(2000~2015) 자료를 이
용하여 사업체 규모가 임금불평등에 미친 영향을 분석하였다. 분석 결과는
다음과 같다. 첫째, 1994년 이후 우리나라 임금불평등의 악화는 노동자 측
면의 요인(학력, 경력, 성별 등)보다 기업 측면의 요인(산업, 규모)에 더 큰
영향을 받았다. 산업과 규모 중에서는 규모 간 임금격차가 임금불평등에 더
큰 영향을 미쳤다. 둘째, 산업 및 규모 간 임금격차 확대는 고정임금 뿐 아니
라 성과급의 차이에 큰 영향을 받은 것으로 나타났다. 고정임금만을 고려하
면 산업-규모 간 임금격차는 임금불평등 상승분(1995~ 2015)의 약 29.35%
를 설명하는 데에 그쳤으나, 성과급을 함께 고려하면 동 수치는 44.03%까지
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한 결과, 산업-규모 간 임금격차는 이들의 성과 공유 차이에 큰 영향을 받은
것으로 나타났다. 2000~2008년 대비 2009~2015년에 규모가 큰 사업체들
이 성과급을 통한 성과공유에 적극적으로 나서면서 사업체 규모 간 임금격
차 확대의 한 요인으로 작용하였다. 이러한 결과는 노동자 측면의 요인으로
설명되지 않는 기업불평등 확대가 임금불평등 확대로 이어지고 있음을 시
사한다.
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