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Investment and Business Cycles:
Focusing on Firms’ Capital Adjustment Costs'

By CHANGWOONAM*

This paper empirically verifies that the types of capital adjustment costs
serve as an important mechanism in relation to investment decision-
making after confirming that the investment dispersion of Korean firms
is pro-cyclical and can affect business cycles. Specifically, it is found
through empirical methods using corporate financial data that capital
adjustment costs generally assumed to take a quadratic form in
macroeconomics arve asymmetric and irreversible in the Korean
economy. In particular, capital adjustment costs are empirically proven
to cause investment dispersion to expand given that the substitution
effect of the marginal value to the marginal cost for one unit of
investment in the inter-temporal investment decision is affected by that
cost with regard to the resale of owned equipment assets, as opposed to
new investments in equipment assets. We ultimately show, albeit
indirectly, that investment dispersion can affect business cycles as
capital adjustment costs influences investment decisions. What is
implied is that the capital adjustment cost is not merely an exogenously
deep parameter that fits the dynamics of business cycles in a
macroeconomic model but could instead be a policy variable that can
be endogenized through government policies.
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1. Introduction

fter the government experienced an industrial crisis due to insolvencies in the
shipbuilding and shipping industry in the 2010s, it became necessary to
consider various types of support for marginal firms so that firms could preemptively
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restructure or reorganize their businesses to prevent insolvency. In general,
alleviating the adjustment costs or frictional costs incurred when firms purchase or
resell equipment assets as a business reorganization strategy can be considered as a
policy measure. Accordingly, it is necessary to examine whether capital adjustment
costs (CAC, hereafter), assumed to arise when a firm makes an investment, for
instance, can be considered as a policy measure and how the CAC can affect a firm's
investment decisions and business cycles. Therefore, here we attempt to verify
whether a firm’s investment decisions can cause business cycles. This is also a topic
that has been actively discussed recently. In particular, the parameters of CAC are
estimated by separating the adjustment cost incurred when purchasing equipment
assets and the adjustment cost when reselling them. In addition, this paper
empirically demonstrates that the lower the estimated CAC is, the greater the
business cycles become. For example, if the adjustment costs incurred when
purchasing or reselling equipment assets decrease, there will be incentives for firms
to expand these purchases or resales further. This means that the investment can
expand even more during economic upturns and that the redistribution of equipment
assets can be more efficient with lower frictional costs during economic downturns.
Overall, this means that when exogenous shocks are identical, the reduction in the
adjustment cost can affect the amplitude of the business cycles (Hamermesh and
Pfann, 1996).

Although in the literature on macroeconomics this is usually estimated by defining
the CAC of the investment as a quadratic function that is downwardly convex, our
paper assumes that the convexity is different when buying and reselling the
equipment assets. This is based on the assumption that if a firm sells its owned
equipment assets for various reasons, such as becoming insolvent or when
undergoing a transfer to another area, that cost may differ from the adjustment cost
of new equipment investment. This asymmetry of CAC may also include differences
in various institutional aspects between factor markets. We verify the asymmetry of
CAC through an empirical analysis using corporate financial data rather than a
macroeconomic model based on the equilibrium model. Moreover, we intend to
derive policy implications for equipment investments in the future by analyzing
changes in the adjustment cost function of equipment investments given that the
existence of asymmetry in CACs can affect business cycles. In particular, our paper
examines the possibility of investment irreversibility, referring to how the resale of
equipment assets is not carried out smoothly due to the higher adjustment cost
incurred when reselling the equipment. In other words, investment irreversibility
makes it difficult to resell equipment assets when the adjustment cost incurred when
purchasing equipment assets is identical during an economic upturn, thereby limiting
active investments and thus limiting the accumulation of capital.

This paper is organized as follows. Section II explains the literature on the
corporate investments, the CAC, and the relationship between corporate investments
and business cycles, and then explains the research purpose. Section I1I describes the
structural model and empirical methodology used to estimate the CAC. Section IV
presents the empirical results of the estimates of the CAC and shows the correlations
between the CACs, investment dispersion, and business cycles through various
methods. Section V presents the conclusion.
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I1. Relationship between Corporate Investment and Business Cycles

A. Firm’s Capital Adjustment Cost

Essentially, the CAC refers to the comprehensive cost borne by firm in addition
to prices formed in markets during the process of purchasing and reselling (or
hiring/dismissing) production factors (capital such as equipment and labor, etc.).
However, these adjustment costs do not appear in ordinary financial data. In
particular, these costs can reflect the economic environment the firm faces in factor
markets, the characteristics of the technology used by the firm, and the direct or
indirect effects of government policies (Hamermesh and Pfann, 1996).

“Moreover, understanding of the nature of adjustment costs is vital for the
evaluation of policies, such as tax credits, that attempt to influence investment
and thus aggregate activity. Despite the obvious importance of investment to
macroeconomics, it remains an enigma. Costs of adjusting the stock of capital
reflect a variety of interrelated factors that are difficult to measure directly or
precisely so that the study of capital adjustment costs has been largely indirect
through studying the dynamics of investment itself.” (in Motivation by Cooper
and Haltiwanger, 2005)

As Cooper and Haltiwanger (2005) point out, understanding the CAC as it pertains
to investments is very important when evaluating corporate-related policies that
affect investments, such as tax deductions and subsidies. However, despite the
importance of investments, the CAC function for investments in macroeconomics
remains a difficult problem. Moreover, because the CAC function of investments
reflects various economic characteristics but is difficult to measure directly or
indirectly, research on the CAC function is only conducted indirectly by studying
corporate investment dynamics.

Early research on corporate investments mainly assumes the CAC to be a
symmetric convex function. For example, Holt (1960) shows that the quadratic
functional form of the CAC in the manufacturing industry feasibly explains firms’
hiring or layoff costs, as well as the cost of installing machinery. Cooper and
Haltiwanger (2005) find that these factors as well as other external factors are
reflected in the CAC. The CAC in the form of such a symmetrical quadratic function
can be differentiated at all investment rates (generally net investment size/total
assets), and the marginal CAC increases as the investment rate increases positively
or negatively based on zero. Subsequently, in a macro model that does not take into
account the heterogeneity of firms, a symmetrical convex function is mainly
assumed when explaining the investment dynamics of the corporate sector. In this
case, the investment level, investment dispersion, and business cycles are mainly
determined by the parameters of the symmetric CAC function.

Later, in studies of firms’ heterogeneity using plant-level micro-data and corporate
financial statements, the asymmetry of the CACs began to be considered in earnest.
In fact, there is no reason for the marginal CAC of purchasing one unit of investment
to be identical to the marginal CAC of reselling one unit. For example, if there is no
secondary market for capital goods market, firms will hesitate to purchase new
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equipment due to uncertainty about future shocks, meaning that additional costs for
capital adjustment will be incurred. The frictional cost of reselling these equipment
assets is defined as irreversibility (Hamermesh and Pfann, 1996). In other words, if
the CAC for reselling the equipment assets is higher than that for purchasing them
due to various environmental and policy factors in the aforementioned production
factors markets, it becomes difficult to sell equipment assets such as the machinery,
and this irreversibility hinders firms’ active investments. Typical studies assuming
an asymmetric convex function as a CAC function of investment include those by
Abel and Eberly (1994) and Zhang (2005). Abel and Eberly (1994) consider the gap
and irreversibility between the purchase and sale prices of capital goods as an
asymmetric convex CAC, showing that the size of the investment is a non-decreasing
function. In addition, Zhang (2005) shows that the irreversibility of corporate
investments can generate a value premium in the stock market. In particular, he
analyzes and explains the dynamics of firms in which the risk premium caused by
the irreversibility of installed capital expands firms’ financial friction in the event of
an economic slowdown.

On the other hand, in the manufacturing industry in the United States, several
studies focus on the occurrence of lumpy investments rather than continuous
investments (or the investment rate) in plant-level micro-data. In order to explain the
characteristics of a period of inaction in which corporate investments do not occur,
especially at the plant level, these studies report that investments do not occur
continuously at all times. Instead, determination is made as to whether to invest at
each time. Firms’ investment behaviors are analyzed through a discrete choice model
in which the CAC function is non-convex and where irreversibility does not incur a
negative investment, although there can be periods of non-investment. In relation to
this, Cooper et al. (1999) argue that with regard to manufacturers, the investment is
not made until equipment assets (machinery) are aged (depreciated) to a certain level,
with productivity then falling below a certain level. In this model, the CAC function
shows non-convexity because only fixed costs exist for a certain size of investment.
In particular, this type of replacement of equipment assets often occurs when there
is a positive impact on productivity, which feasibly explains how corporate
investments are pro-cyclical. In the end, Cooper ef al. (1999) show that this discrete
investment dynamics can suitably explain the interactions among the replacement
cycle of equipment assets, the cross-sectional distribution of equipment assets, and
the business cycle.

B. Corporate Investments and Business Cycles

“Most economists agree that the primary source of cyclical instability is to
be found in the determinants of investment behavior.” (at the beginning of
Gordon, 1955)

Since the beginning of modern economics, corporate investments have been
among the main factors inducing business cycles because the total factor productivity
shock, a major factor inducing business cycles, occurs in the production sector. If
only an exogenous productivity shock occurs, ceteris paribus, a negative shock will
induce a decrease in planned investments and a positive shock will induce a further
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expansion of planned investments. Moreover, because corporate investments are a
mechanism by which to generate future cash flows, investment fluctuations can
eventually widen the amplitude of business cycles. Conversely, if there is no
reduction or expansion relative to a planned investment despite an exogenous
productivity shock, the total production level will be determined according to the
exogenous shock and the firm's planned production capacity.

Assuming that this is the case, how is the CAC function of investment related to
the business cycle? As explained earlier, CACs basically refer to not only the
additional costs incurred when a firm installs and employs production factors (e.g.,
capital, labor) but also the market environment (including the secondary market) of
production factors, as well as the direct or indirect effects of government policies.
Naturally, this CAC function affects a firm’s investment decisions and plays a role
in expanding or reducing the amplitude of corporate investments (Hamermesh and
Pfann, 1996). For example, if the CAC increases suddenly for any reason, when
exogenously positive shocks occur and thus firms plan to expand their investments,
they will not be able to invest as much as originally planned and the amplitude of the
economic expansion will be reduced as compared to when there is no CAC.
Conversely, if the CAC is lower than before due to policies that support firms, the
amplitude of economic expansion may be greater. However, considering the
opportunity cost for the financial resources of government policies that support
firms, it cannot be inferred that the expansion of the amplitude of the business cycle
necessarily maximizes social welfare.

Recent studies have shown that rational investment decision models with various
CAC functions of the types described above explain various economic phenomena
such as business cycles using sophisticated models with corporate financial
statements or plant-level micro-data. In particular, Bloom (2009) and Bachmann and
Bayer (2014) accurately show how corporate investment behaviors interact with
uncertainty and affect business cycles. First, Bloom (2009) shows that a macro-
uncertainty shock expands the fluctuations of gross output and employment given
the temporary suspension of corporate investments and employment due to
uncertainty shocks. In particular, Bloom (2009)’s model uses a mixture of convex
and non-convex functions as a CAC function to assume transaction costs in the
capital goods market and partial irreversibility due to resale losses in the secondary
market. The parameters of the CAC function determine the period of inaction of the
investment and the period in which the investment proceeds continuously.

In addition, Bachmann and Bayer (2014, expressed as BB) focus on investment
dispersion of firms, showing that when the dispersion of productivity shocks for
individual firms is pro-cyclical, the investment dispersion by firms is pro-cyclical.
In particular, BB’s corporate model uses a discrete choice model for investment, and
the CAC function is assumed to be a fixed cost. The important point here is that the
investment dispersion and pro-cyclicality are strengthened as the average level of the
CAC increases regardless of the distribution of individual firms’ productivity shocks
and the presence of counter-cyclicality (Table 9 of BB, 2014). If the CAC rises, the
investment inaction period is extended but the absolute size of the investment
becomes comparatively large, meaning that the dispersion of the investment rate and
the pro-cyclicality are strengthened. In this way, changes in CAC the function can
affect the amplitude of business cycles.
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We assume that CACs are market costs resulting from direct and indirect effects
of government policies and estimate them using accounting data from financial
statements. In addition, our study assesses the possibility that the CAC can
significantly affect business cycles, finding correlations among changes in the CAC
function, investment dispersion, and business cycles. For example, ceteris paribus,
if the CAC for reselling equipment assets increases during an economic boom, the
firm will make an investment smaller than the planned amount in consideration of
the CAC that may be higher in the future. At the same time, firms that have suffered
a negative productivity shock will reduce the scale of their restructuring of
equipment assets. This means that investment dispersion is reduced compared to
when the CAC for reselling assets is low, and as the efficient allocation of equipment
assets is restricted, the amplitude of economic growth could be limited. Even during
an economic downturn, an increase in the CAC for reselling assets causes both
planned purchases and resales of equipment assets to decrease, in turn causing the
investment dispersion to decrease. However, the expansion of frictional costs
(CAC:s) for the allocation of equipment assets can cause inefficiency in the economy
as a whole, which can widen the extent of an economic downturn. Changes in the
CAC in relation to purchasing equipment are much clearer than those in the CAC
with regard to reselling equipment assets. If the CAC for purchasing equipment fall,
the economic recovery will accelerate and the extent of the economic downturn will
decrease.

In fact, this interpretation is the logic of the general equilibrium model. We analyze
whether the CAC function when estimated using corporate data is significantly
correlated with realized investment variance and business cycles. When analyzing
the relationship between the CAC function and business cycles, accurately
identifying the actual exogenous shock and decomposing the effect of the CAC
shock on the economy become necessary. However, because this empirical analysis
model has limitations related to this type of identification, we leave this issue as a
future research topic.

ITI. Corporate Investment Model and Empirical Methodology

In macroeconomics, the CAC for a firm’s investment is an index referring to the
efficiency or fractional cost of the allocation of equipment assets not shown in the
firm’s financial statements. Investment irreversibility is a measure for considering
the efficiency of restructuring tactics, such as equipment resales, when a firm faces
bankruptcy due to a negative productivity shock or corporate insolvency. In other
words, the CAC can be interpreted as representing additional costs due to changes
in the prices of the equipment to be sold, the supply and demand environment in the
equipment market, and the restructuring of employment following the resale of
equipment. This means that the parameter of the CAC function is not necessarily
positive because tax benefits for equipment investments, tax benefits for the resale
of used equipment, or various forms of support for restructuring can be reflected in
the CAC. In particular, subsidies and tax benefits for corporate relocation after the
2000s show that there may be benefits in the form of management costs that are not
observed in financial statements. In such a case, additional adjustment costs in
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addition to the purchase and sale prices for equipment assets may in fact be negative
(Whited, 1998). Zhang (2015) also shows that such asymmetric irreversibility of
investment plays an important role in determining the value premium. The basic
model of this paper is based on Zhang (2015), and the empirical method is based on
Whited (1992; 1998).

A. Corporate Investment and Business Cycles in Korea

This part analyzes the relationship between corporate investment behavior and
business cycles through corporate data before establishing a corporate investment
model. As explained earlier, to determine the shape of the CAC function, we initially
check the distribution of corporate investments for every decade from 1990 to 2019.
Also, in this paper, it is important to determine whether we should assume corporate
investment as a continuous type of behavior or as a discrete choice in which
investment inaction can also exist (Cooper et al., 1999). Given that the scope of our
paper encompasses not only the manufacturing industry but also all industries, it is
necessary to review in advance the possibility of the discrete choice model to analyze
manufacturing businesses.

Table 1 shows the distribution of the equipment investment rates in all industries
and in the manufacturing industry. First, the proportion of investment rates whose
absolute value is 1% or less, indicating inactivity of investments, is 3% or less in all
industries and in the manufacturing industry in all periods. These rates are much
lower than the 8.1% in Cooper et al. (1999). In addition, the proportion of negative
investment rates in all industries and in manufacturing exceeds 20% in all periods.
This is twice as high as the rate of 10.4% in Cooper et al. (1999). Additionally, the
proportions of the absolute values of positive and negative investment rates
exceeding 20% are around 45% and 10%, respectively, much higher than the rates
of 20% and 2% in Cooper et al. (1999). Thus, it is appropriate to use a continuous
investment decision model rather than a discrete choice model. In particular, because
negative investments occur frequently in the data used in our paper, we decided to
use an asymmetric convex function rather than a discrete choice model, in which
negative investments rarely occur.

TABLE 1—DISTRIBUTION OF REAL INVESTMENT RATES

(Unit: %)
1 1! t Inacti
N R e 1%y iTk<20% i/k>20%  |i/k[>20%  ilk<0%
All Industries
1990s 2.5 13.2 452 58.4 29.3
2000s 22 12.5 50.9 63.4 25.5
2010s 3.0 9.9 474 57.3 244
Manufacturing
1990s 2.6 11.1 46.6 57.7 26.3
2000s 2.1 10.8 52.4 63.2 22.6
2010s 2.7 83 48.7 56.9 21.9

Note: Investment rates for each year are calculated by the author using the BB model.

Source: KISData (KDI DB, 20 Jul 2020).
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FIGURE 1. DISTRIBUTION OF REAL INVESTMENT RATES
Note: Investment rates for each year are calculated by the author using the BB model.

Source: KISData (KDI DB, 20 Jul 2020).

TABLE 2—CORRELATION BETWEEN REAL GDP AND VARIABLES
RELATED TO REAL INVESTMENT RATES (IRS)

S.D. (IRs) Props of |i/k [>20% SD.(]i/k|<20%) Mean (IRs)
From 1990 0.58%** 0.70%** -0.12 0.10
From 2000 0.42* 0.67*** 0.19 0.24
From 2010 -0.27 0.01 0.49 0.67**

Note: 1) *** ** and * denote statistical significance at the 1%, 5%, and 10% levels, respectively, 2) Data are
detrended by HP-filter.

Source: Quantiwise7; KISData.

In addition, the correlation between investment behavior and business cycles was
examined using BB’s analysis method. BB shows that investment dispersion is pro-
cyclical, and Korea has a similar tendency. Figure 1 shows the distributions of
investment rates in 1998, 1999, and 2019. During 1998, a severe economic slump
occurred due to the Asian Financial Crisis, and 1999 was a period of recovery from
this crisis. As shown in the figure, the distribution is thicker at the bottom during a
sluggish economy and thicker at the top during an upturn. This occurs because the
number of firms making large-scale investments (investment rates greater than 20%)
increases when the economy recovers, and large-scale corporate restructuring
(investment rates less than -20%) occurs when the economy is sluggish (Bachmann
and Bayer, 2014).

Table 2 shows the correlation between investment-rate-related variables and
business cycles (GDP growth rate). It is found that the standard deviation of
investment rates and GDP has a significantly positive correlation at the 1% level.
Also, the correlation between the proportion of firms whose absolute value of
investment rate exceeds 20% and the GDP, which affects investment dispersion, is
also shown to be significantly positive.

However, recently, the correlation can be seen to weaken. This has occurred
because the period of data is short (especially from 2010) and does not include events



VOL. 44 NO. 1 Investment and Business Cycles 85

such as the Asian Financial Crisis or the Global Financial Crisis. At the same time,
it is found that the positive correlation between the average investment rate and GDP
has increased.

In fact, as explained above, an important investment mechanism is at work here
(Bachmann and Bayer, 2014). If macroeconomic uncertainty decreases as the
economy recovers, the uncertainty of firms’ productivity shocks also decreases (the
pro-cyclicality of productivity shocks). Then, in anticipation of the expansion of
future cash flows, firms expand their investment more than originally planned (the
pro-cyclicality of investment dispersion). Thus, the additional CAC incurred by the
investment will be one of the important factors determining the size of the
investment. In addition, during persistent macroeconomic shocks, the CAC for
positive investment is important during an economic upturn, and the CAC for
negative investment is an important factor in determining the size of the investment
when the economy is sluggish. However, if the CACs for production factors are large
enough, the investment must be lower than the optimal investment without CACs,
which will be identical even in the case of a negative shock. According to this
inference, it may be reasonable to assume asymmetry of the CAC function for the
investment. We will not presuppose investment irreversibility in the model.
Investment irreversibility defines not only the asymmetry of the CAC but also
indicates that the CAC when reselling equipment is greater than the CAC when
purchasing equipment. If it is shown that the asymmetry of the CAC reflecting the
direct and indirect effects of production factor markets and government policies, as
explained in the previous part, has an effect on investment dispersion, the CAC will
then be considered as a policy variable.

B. Corporate Investment Decision Model

In this paper, the production function of a firm is composed of individual
productivity shocks ( 4 ), equipment assets (capital, k ), and labor (7) according to
a general model. Recent macroeconomic models set production functions by
classifying intangible capital to reflect the impacts of technological innovations as
well as equipment capital. However, we do not consider intangible assets separately
because we focus on decision-making with regard to equipment investments, not on
intangible capital. Moreover, in our paper, for simplicity of the model, it is assumed
that there are no macroeconomic shocks, with only productivity shocks of individual
firms following AR (1). Accordingly, a firm’s production function is expressed as

(1) yz:Arktanty’a"'y:L

in which it is assumed that the production function follows the CRS principle
(constant return to scale). Through this production function, the operating profit
function is defined as follows:

(2) ﬂ-(kl’At):ytpt —-wn,
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where p, denotes the product price and w, denotes the wage. Maximization of
the firm value is expressed as follows when the corporate tax rate (7 ), equipment
price ( p,, ), and future discount rate ( S, ) are given.

3) V,=max, 1-0)[7z(k,4) - PG, k)]=p, i + BEV,.],

in which i, denotes the investment executed by the firm in period ¢, V, denotes
the firm value, and E [+] denotes the expectation operator. Also, the CAC function
(@) is basically defined as a convex function with the form of a quadratic function;
it is differentiable in the domain except at 0 given its asymmetry (Whited, 1998;
Zhang, 2005).

[ 2 k kt'

t

4) (i k)= M(ij iy

Here, ¢° and ¢ are defined as parameters of the CAC function for positive
(purchasing) and negative (reselling) investments, respectively. In addition, here it
is not assumed that the two parameters are identical according to the assumption of
asymmetry.

In the firm value maximization problem (3), the Euler equation for i, is
established as follows:

Ty (kz+1 > A7+1 ) - CDk (it+] ’ kt+] )

P
(- 5)(@,. ik, )+ Do ] ’

1-7 B

) (i, k) + BE,

1-7

Here, the FOC of the CAC function with respect to i, is

+ — . \2
(Dk:a_(¢ Lo +¢ 1) L ,
2 k

t

(6) ;
o, =(¢ Lo +¢ 1i<o);tt~

Equation (5) shows the effect of the CAC function on the Euler equation. First,
the left side of Equation (5) shows the marginal cost for one unit of investment. The
CAC parameters ¢° and ¢ as well as the investment rate affect the marginal cost
of one unit of positive or negative investment. The right side of Equation (5) shows
the future marginal return for one unit of investment, and the CAC parameters affect
it in two directions; one direction is the effect of lowering future adjustment costs by
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investing in the present, and the other is the effect of raising future marginal costs
that arise when the investment is postponed into the future. Finally, it is assumed that
equipment investment and equipment assets have the following relationship:

(7) i, =k, —(1-0)k = Ak

T Ok,

To ensure a better understanding of the concept of the CAC function based on
Equations (4) and (6), various shapes of the CAC function can be confirmed by
explaining Figure 2, where (A) shows that the CAC function is both convex and
symmetric. As described in the literature, this is a form that is generally assumed in
a typical macroeconomic model. (B) is when the parameter of the CAC function for
a negative investment is larger than the CAC for a positive investment, indicative of
the assumption of investment irreversibility. Contrary to (B), (C) is a case in which
the CAC function for a negative investment is lower than the CAC function for a
positive investment.

(A) ¢ = ¢ (B) ¢ < ¢
1 1
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FIGURE 2. CASES OF THE CAPITAL ADJUSTMENT COST FUNCTION
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As described above, this may occur when support for corporate restructuring
processes such as personnel restructuring, support for the resale of used equipment
assets, and deregulation are reflected. (D) refers to cases where the CAC function
for a positive investment is negative. In other words, it represents a case where the
total adjustment cost is lower than the theoretical equipment price in the market due
to deregulation and support for equipment investment. In (E), as in (D), the CAC
function for the resale of equipment is negative. Here, therefore, it is considered that
used equipment assets are allocated at a price lower than the market’s theoretical
price due to deregulation and efforts to support restructuring, such as the
reorganization of the business. Finally, in (F), the CACs of purchasing or reselling
equipment assets are all negative, meaning that they are lower than the theoretical
prices in the market overall. This situation can be seen as a case where regulations
on corporate investments have improved overall.

C. Empirical Data

We use the accounting data of externally audited firms (49,644 firms) for the
period of 1975 to 2019 obtained from KISData and use the methods of Whited
(1998), Bachmann and Bayer (2014) to convert the basic data into real variables.
First, regarding the equipment asset ( &, ) used to calculate the equipment investment
rate, the sum of machinery (excluding facilities) and transportation equipment,
excluding structures, is used. For the equipment investment (i, ), we use the sum of
changes in equipment assets and accumulated depreciation according to Equation
(7). Each variable is converted into a real variable using a GDP deflator, an
investment deflator, and the PPI by industry (data from the BOK). In particular, the
price of equipment investment by industry is converted into a real variable as follows
using an equipment investment deflator and the PPI by industry (Whited, 1992):

B
PPI,

i,t

b=

In addition, the real investment price reflecting the tax rate for each firm is calculated
as follows:

D, _ 1—tax reduction —tax credit

pt = (1 + Ti,t)pta
1-7 1-7

in which 7,, is the average effective tax rate, calculated as (Corporate Tax
Expenses / Continuing Business Profit before corporate tax deduction), considering
that it is impossible to use tax data held by the National Tax Service.

Also, except for the CAC function in Equation (5), a variable that cannot be
inferred from the data is 7, , the marginal operating profit function. Whited (1998)
estimates the first derivative for investment by defining it as follows:
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(8) ﬂk(kt’At)_ k ’

t

in which & denotes the mark-up for the variable cost, m, . In other words, under
the CRS assumption, the marginal operating profit is considered as the ratio of
equipment assets to the margin of total sales ( y, ). Such an estimation formula makes
it easy to interpret the estimated value in the revenue function and has the advantage
of estimating the markup variable at the same time. In particular, Whited (1992)
estimates the parameters of CRS in the estimation equation at the same time. In this
paper, 4 can be interpreted as a parameter that reflects both the markup and CRS
parameters (Whited, 1998). Also, y, is the real variable of total sales, k, is the
real variable of equipment assets, and m, is the real variable of the raw material
cost.

Table 3 presents the basic statistics of 73,763 observations excluding outliers.
Figure 3 shows the trends of the GDP growth rate and investment rate. As shown in
Section II, the mean, standard deviation of investment rates, and the proportion of
firms whose absolute values of investment rates exceed 20% appear to be pro-
cyclical.

TABLE 3—STATISTICS OF BASIC DATA

Average Median S.D.
B 0.97 0.99 0.04
Investment Rate (%) 25.01 18.62 41.87
B} 0.11 0.12 0.02
(+7)p 1.39 1.29 0.38
vk 24.85 16.86 22.43
mly 0.46 0.46 0.22
Debt / Assets 0.58 0.61 0.24
Operating profit / Sales 0.08 0.07 0.07
Source: Quantiwise7; KISData.
(A) GDP, mean (IRs)
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Source: Quantiwise7; KISData.

D. Empirical Methodology: GMM

The empirical methodology used in this paper is defined as a dynamic panel GMM
because the firm and year data used hear are based on the generalized method of
moments (henceforth GMM) method. The specific estimation equation used as the
dynamic panel GMM is derived from Equation (5) as follows:
D.(i,k)+(1+7)p, =

Viet —HM, .
Emme— Y CAFPYNY
ﬂtE, kt_,_l k\"t+10 e+l P

1+1°
+(1 - é;+l)(¢)i (it+1 5kt+1) + (1 + Tt + 1)pt+l)

)

Here, f, isdefined as the real discount rate obtained by subtracting the CPI growth
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rate from the one-year KTB interest rate, and J, is the economic depreciation rate,
calculated using the formula below with the BOK’s real capital stock (K, ) and the
real fixed capital formation (7, ):

S = AK, +1,
), =———.
K.
The parameter vector to be estimated in Equation (9) is O=(u,¢",¢ ,a) ,
correspondingly referring to the operating profit function, the markup versus variable
cost, the marginal CAC for a positive equipment investment, the marginal CAC for
a negative equipment investment, and the constant term of the CAC. In addition,
because GMM mostly uses corporate financial statements, it is difficult completely

to rule out endogeneity in the data. Therefore, we define the following instrument
variable group ( z, ) with reference to Whited (1992; 1998):

(L&@ﬁﬂl}q
s s s s s by 19
ko kv ko

in which represents equipment investments to equipment assets, sales to equipment
assets, raw material costs to sales, liabilities to equipment assets, operating profit to
sales, and a year dummy variable, correspondingly. Given that each instrument
variable must be orthogonal to the residual term (¢,) defined in Equation (9), the
following moment is finally derived using an instrument variable with a lag of two
periods:

(10) Ag, ®z, , =M,(6).

Here, in order to remove individual and industrial effects, an estimation formula
is established by placing the difference in the residual term in a cross-relationship
with the instrument variable. In addition, our GMM uses a symmetric weighting
matrix for efficiency of the test statistic for the estimation according to Newey and
West (1987). This is a HAC (heteroscedasticity and autocorrelation consistent
covariance) matrix (). Therefore, the final GMM estimation formula is expressed
as follows:

(11) 0 = argmin E[M (0)WM (6)].

In this paper, in particular according to Hansen et al. (1996) considering the finite-
sample property of the GMM estimate, the weighting matrix (W) is modified every
time from the initial value until it finally converges to find the estimate.
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IV. Empirical Results: Investments and Business Cycles

A. Estimation of the Capital Adjustment Cost Function

We estimate the CAC function for the period from 1978 to 2019. In particular, the
total number of observations is 1,563, with only firms having more than 30
consecutive years of observations used.'

Table 4 distinguishes the CAC for a negative investment and the CAC for a
positive investment. That is, after the asymmetry of the CAC function is assumed
(there is no sign constraint for ¢*, ¢ ), the CAC function is re-estimated with the
constraint that the CAC is symmetric (¢" =¢ ). It is important to note here that
asymmetry does not necessarily imply irreversibility (¢* <¢@ ).

In the estimation when assuming asymmetry, ¢° and ¢ are estimated to be
0.13 and 1.05, respectively, and ¢~ is estimated to be statistically significant at the
1% level. This means that the additional costs incurred during the capital adjustment
process appear higher when the equipment asset is sold. This confirms that
investment irreversibility as discussed in the literature may exist in Korea as well. In
particular, the parameter is estimated to be 0.36 assuming symmetry of the CAC
function, though the statistical significance is reduced to the 5% level. In particular,
when the CAC function is constrained to be symmetric, the CAC parameter ¢"
increases while ¢~ decreases. Therefore, the symmetry constraint is likely to
underestimate the CAC (¢ ) resulting from the resale of equipment assets. However,
the LM test (Lagrange multiplier test) using the constraint of ¢* =¢  as the null
hypothesis cannot be rejected, indicating that symmetry cannot be completely
excluded (Breusch and Pagan, 1980). Also, when compared to the estimates of
Whited (1992; 1998), it is judged that the CAC estimated in the Korean economy is
not excessive.” In particular, the ratio of the estimates ¢ /¢" =8.1 is not an
excessive gap compared to the benchmark model of Zhang (2005), ¢ /¢* =107
However, the fixed cost () of the CAC function appears to be relatively high,
which means that the fixed cost of maintaining equipment assets can be relatively
high in the Korean economy.

In addition, in Table 4, «, which is the markup of total sales for the variable cost,
is estimated to be 1.25 at the 1%, with or without the restriction of symmetry. This
value appears to be reasonable even compared to the range of parameter, [0.99, 2.26],
estimated by Whited (1992; 1998). Finally, because the GMM uses more instrumental
variables than the number of parameters to be estimated, over-identification tests are
conducted. It appears that all null hypotheses (HO: over-identification does not exist)
are rejected; accordingly, the problem of over-identification does not seem to be
solved in our model, as shown in Whited (1998).

'The number of observations in this paper is not small compared to 1,024, the number of observations in Whited
(1992).

“In Whited (1998), which uses a non-parametric method, the squared term of the CAC function (a,) was
estimated to be negative. This means, as explained in Figure 1, that the firm’s actual marginal investment cost was
lower than the market price.

3Zhang (2005) set 4~ /¢" =10 as a benchmark model in a simulation considering economic data.
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TABLE 4—ESTIMATION OF THE CAPITAL ADJUSTMENT COST

(A) No Constraint (B) Constraint: ¢+ =4~
u #* [ a u #* 4~ a
value 1.25%%* 0.13 1.05%** 11.3%** value 1.25%** 0.36%* NA 11.6%**
t-value 24.82 0.59 3.03 4.61 t-value 25.17 2.52 NA 4.81
oT 0.027 oT 0.025
LM 0.553

Note: 1) ¥** ** and * denote statistical significance at the 1%, 5%, and 10% levels, respectively, 2) OT is the p-
value for the over-identification test, 3) LM is the p-value for ¢+ =4~

Source: Quantiwise7; KISData.

B. Capital Adjustment Cost and Business Cycles

The CAC function of the Korean economy is estimated with corporate micro-data
rather than running an macroeconomic simulation as in the previous section under
the assumption that the CAC function does not change from the 1970s to 2019.
However, as the Korean economy has developed considerably over the past 40 years,
corporate dynamics have arisen, new industries have been established, and insolvent
industries have disappeared such that it is too strict to assume that the CAC function
does not change such a time frame.

Moreover, as explained above, the CAC function is determined by various forms
of support and by regulations affecting the equipment investment market, or the
corporate restructuring support system. Therefore, it is necessary to examine changes
in the CAC due to changes in government policies and labor market regulations over
the past 40 years and examine how closely these are related to business cycles. To
this end, if we recall Equation (5), the left side of the equation refers to the marginal
cost for one unit of investment, and the right side is the expected marginal value (or
expected marginal return) generated by one unit of investment. Under Equation (6),
if @, is higher than @, due to an increase in the marginal cost, the investment
will decrease. If the opposite is true, the investment will be activated. If there is
asymmetry between ¢ and ¢ here, there are different policy implications. For
example, if irreversibility (¢ < ¢~ ) arises under identical conditions, the current
marginal cost per unit of investment will be the same, but the future expected
marginal value per unit of investment may be reduced. This eventually becomes a
factor that lowers the current investment scale and can act as a mechanism affecting
business cycles by reducing investment dispersion in situations where macroeconomic
or individual productivity shocks are identical. For another example, if the CAC of
equipment resales increases during an economic upturn under identical economic
conditions, the firm will invest less than the planned amount of investment in
consideration of uncertainty in the future. In addition, a firm that resells equipment
assets in response to a current negative shock will reduce the size of the equipment
to be sold if the CAC for the resale of the equipment suddenly increases. In the end,
an increase in the CAC for resale of the equipment can reduce the investment

*A typical macroeconomic model considers the CAC function as a deep parameter that reflects macroeconomic
dynamics and business cycles and does not consider it as a policy variable that can be endogenous.
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dispersion and restrict the efficient allocation of equipment assets, thereby limiting
the amplitude of economic growth. Looking at this in another way, if the equipment
resale CAC rises even during an economic downturn, the planned purchase and
resale amounts of equipment assets will both decrease. However, the expansion of
frictional costs for equipment asset allocation that occurs during an economic
downturn can cause inefficiency in the economy as a whole, which can widen the
depth of the economic downturn. In other words, the effect of the CAC on business
cycles does not simply mean the expansion or contraction of the vertical amplitude;
instead, it can restrain the efficient allocation of equipment assets and negatively
affect both the rising and falling periods of business cycles.

Therefore, in order to assess the changes of the CAC in the Korean economy, we
estimate the CACs of firms with more than five consecutive years of data in ten-year
moving windows from 1987 to 2019.° Figure 4 shows the trends in GDP, investment-
related variables, and estimates of the CAC function. For example, the estimates for
1987 are CAC functions using GMM for firms with more than five consecutive years
of data from 1978 to 1987. The figure shows that the volatility of ¢ is greater than
that of ¢ . This occurs because corporate restructuring costs such as support for
corporate reorganization or regulations on manpower restructuring following the
downsizing of equipment assets are more dependent on government policies. In (A)
of Figure 4, the overall CAC of reselling equipment assets before the Asian Financial
Crisis rises more steeply than the CAC of equipment investment, and GDP tends to
decrease. During the Asian Financial Crisis, the CAC of reselling equipment assets
drops sharply, as corporate restructuring was carried out smoothly as layoffs became
flexible due to the pressure to undertake overall corporate restructuring and enact a
non-regular-worker system in the labor market due to the crisis. However, the CAC
parameters for positive equipment investment move in the opposite direction. In
particular, from the early 2000s to 2016 after the financial crisis, ¢" is estimated to
be larger than ¢ , indicating that the cost for economic growth through new
equipment investments was higher than the cost of resource allocation between
firms. However, because the absolute value of ¢~ during this period was higher
than ¢*, it can be inferred that even if the marginal cost of one unit of investment
is high, the future marginal return is higher and the overall investment incentive
increases. This can be seen in (B) and (C) of Figure 4.

(B) shows the standard deviation of the investment rate, and (C) shows the
proportion of firms whose absolute value of the investment rate exceeds 20%
(]i/k|>20% ). We can confirm that the investment dispersion is large when ¢ is
smaller than ¢". In addition, (D) shows the median value of the investment rates,
which is also confirmed to increase when irreversibility decreases, similar to the
distribution of investment rates. However, during the Global Financial Crisis, the
median value of the investment rates decreases sharply. Finally, we find that the
estimate of ¢~ increases rapidly after 2017. It should also be noted that, as before
the Asian Financial Crisis, the CACs for the reselling of equipment assets and
supply/demand conditions worsened, and corporate restructuring costs including

SWe also estimate the CACs of firms with more than ten consecutive years of data in 15-year moving windows
for robustness in the appendix.
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FIGURE 4. CAPITAL ADJUSTMENT COSTS AND BUSINESS CYCLES
Note: The vertical lines represent economic crises: 1998 and 2009.

Source: Quantiwise7; KISData.
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TABLE 5—CORRELATION BETWEEN CAPITAL ADJUSTMENT COSTS AND BUSINESS CYCLES

S.D.(i/k) GDP i/ k|>20% ilk>20% i/ k< —=20% Mean (i / k)
Y7, 0.38 -0.08 0.18 -0.05 0.19 -0.11
# 0.25 -0.39%* 0.37%* -0.02 0.29* -0.13
" -0.33* 0.15 -0.39** -0.03 -0.23 0.06
a -0.16 0.04 -0.12 -0.02 -0.05 0.00

Note: 1) *** ** and * denote statistical significance at the 1%, 5%, and 10% levels, respectively, 2) Data are
detrended by HP-filter.

Source: Quantiwise7; KISData.

personnel restructuring costs increased. It is important to note that on the other hand
an increase in the cost of business reorganization may represent a burden on firms
during the COVID-19 crisis.

Table 5 statistically shows the correlation between the business cycles and
estimators of the CACs described above. Some may point out the possibility of
endogeneity in the correlation between the estimators and GDP and investment-
related variables, but the parameters are estimated using corporate micro-data for ten
years prior to the year of the macro variable. Therefore, it is important to note that
endogeneity may not exist due to the averaging effect. It can be seen that y, the
markup of the raw material cost, and a , the constant term of the CAC function, do
not have a high statistical correlation with economic variables. This stems from the
fact that x# and a in the inter-temporal optimization condition (5) of the firm
value maximization problem do not affect the changes in the marginal cost of
investment and the expected marginal return. The important concepts here are the
correlations among ¢, ¢, and the variables related to the business cycles. ¢"
has a significantly positive correlation with the proportion of firms whose absolute
value of the investment rate exceeds 20% and has a positive correlation, although
not statistically significant, with the standard deviation of the investment rates of
firms. In particular, ¢ has a significantly positive correlation with the proportion
of firms with investment rates lower than -20% as compared to the proportion of
firms with investment rates exceeding +20%. At the same time, ¢* appears to have
a significantly negative correlation with the GDP growth rate, which means that an
increase in ¢° can have a negative effect on GDP by restricting investments.
However, the fact that ¢* shows a positive relationship with the proportion of firms
whose absolute value of the investment rates exceeds 20% is in conflict with the
existing theory, but this is due to a statistically significant relationship with large-
scale negative investment. In other words, when ¢" rises, a faster decrease in ¢~
appears to expand the resale of equipment assets. Consistent with this is that ¢~ has
significantly negative correlations with the proportion of firms whose absolute value
of the investment rates exceeds 20% and the standard deviation of the investment
rates. However, GDP and ¢~ do not appear to be statistically significant. Although
the degree of the reduction in the CAC of reselling equipment assets directly affects
the investment decision process and thus affects investment dispersion, this is
partially offset by the efficiency of the used equipment market, which can actually
weaken the upward pressure on cycles. Moreover, given that output growth is not
accurately decomposed with exogenous macroeconomic shocks, the impact of
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changes in the CACs on the economy may be mitigated.

V. Conclusions

We confirm that Korea’s investment dispersion is pro-cyclical. In addition, it is
empirically verified that the shape of the CAC function is an important factor with
regard to corporate investment decisions. Specifically, it is shown for the first time
that the CAC function, which is generally assumed in macroeconomics, is
asymmetric and irreversible in the Korean economy through a dynamic panel GMM
using corporate data rather than a macroeconomic model. In particular, we show that
the reduction in the CAC for reselling equipment assets rather than an investment in
equipment can affect the substitution effect of the marginal value versus the marginal
cost during the inter-temporal decision-making process. Moreover, it has been
empirically shown that a reduction in the CAC for a negative investment can expand
the degree of investment dispersion. In the end, it is shown indirectly that the cost
incurred when reselling equipment among CACs can affect investment decisions and
facilitate the reallocation of equipment assets and that the CAC for purchasing
equipment can have a certain impact on business cycles. Specifically, immediately
after the AFC, 168.7 trillion won as public funds were used to bail out the industrial
and financial sectors through KAMCO and KDIC. In addition, a workout program
in the form of a British-style restructuring program was introduced to support large-
scale corporate restructuring. According to the analysis result, it is judged that these
policies functioned as factors that decreased ¢~ . Recently, as policies affecting
manpower restructuring have been strengthened overall since 2017, it is believed
that the cost of manpower restructuring following the resale of equipment assets
exerted pressure to increase ¢ . Therefore, it can be inferred that changes in labor
policies and financial support may have some impact on the cost of reselling
equipment assets according to mid- to long-term trends. This implies that the
parameters of the CAC are not simply deep parameters for simulating business
cycles in macroeconomic models but are rather policy variables that can be
endogenized by government policies.

APPENDIX

TABLE A1—CORRELATION BETWEEN CAPITAL ADJUSTMENT COSTS AND BUSINESS CYCLES:
15-YEAR MOVING WINDOW (MORE THAN TEN CONSECUTIVE YEARS OF DATA)

S.D.(i/k) GDP il k|>20% ilk>20% ik <-20% Mean (i / k)
Y7 0.42 -0.29 0.11 -0.19 0.33 -0.24
(;5+ 0.22 -0.25 0.21* 0.02 0.21 -0.06
¢ -0.22 0.21 -0.38** -0.10 -0.16 -0.01
a -0.17 0.13 0.15 0.31* -0.28* 0.31%

Note: 1) *** ** and * denote statistical significance at the 1%, 5%, and 10% levels, respectively, 2) Data are
detrended by HP-filter.

Source: Quantiwise7; KISData.
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