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Introduction

It seems obvious from both anecdotal and statistical evidence that over the
years the economic and financial environments in Korea have changed
fundamentally, along many dimensions, in large part since the outbreak of the
1997 financial crisis. As one striking illustration among many, we may look at
the substantially lower inflation rates. We can conjecture that the evolving
environment may have led to changes in the behaviors of households and firms,
presumably making them more efficient or innovative. There has also been a
change in the conduct of monetary policy. The Bank of Korea adopted explicit
inflation targeting in 1998 and has begun to put more emphasis on interest rates
in its day-to-day implementation of policy, by striving to keep the overnight call
money rate, the policy rate, closer to its target.

These trends may be associated with what appears to be a change in the
effectiveness of monetary policy. Hence, a better understanding of how the
interest rate channel. The central element of monetary transmission— has
changed in its effects on the economy during the recent low inflationary period
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will be conducive to more efficient implementation of an interest rate-focused
monetary policy.

Most empirical attempts to identify the marginal impact of a single driving
variable on investment based on aggregate data have been unsuccessful, due to
the bias of the estimates arising mostly from the simultaneity problem or from
the inability to address firm heterogeneity. While a variety of econometric
techniques such as VAR approaches or structural models has been employed to
solve the simultaneity problem, none is entirely satisfactory. One of the
empirical frustrations involves the difficulty of finding a role for the user cost
of capital in estimating the neoclassical investment equation using aggregate
data. The estimated elasticity of investment with respect to the user cost of
capital has been frequently found to be too small, as opposed to the case when
quantity variables are used.

To circumvent this problem, recent studies have shown a tendency to employ
firm-level micro data to estimate the impact of the cost of capital on investment.
For example, Chirinko et al. (1999) estimated the neoclassical investment
equation with U.S. firm-level panel data, finding the estimated elasticity of the
capital stock with respect to the user cost to be approximately -0.25. While their
estimate is relatively small, other recent empirical studies such as Chatelain et
al. (2001) and Chatelain and Tiomo (2001) have claimed estimated elasticities
in four major European countries ranging from -0.25 to -0.67, depending to
some extent upon the model specifications and econometric techniques.

The neoclassical investment model is appropriate for analysis of the
traditional interest rate channel of monetary transmission. It offers a
straightforward link between financial cost and investment through the user cost
of capital —the user cost being the key parameter through which monetary
policy aspects investment. The connection to monetary policy comes via the link
between the policy rate and the financial cost: a policy-induced interest rate
increase translates into an increase in the financial cost and the user cost of
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capital. These changes in turn lead to a reduction in investment spending.

Using firm-level panel data in the neoclassical models, several empirical
attempts including Chatelain et al. (2001) were made in 2001 to assess the
strength of the interest rate channel for major European countries. Their
approaches do not appear wholly satisfactory, however, in the sense that the link
between the policy-induced interest rate and the user cost of capital was
somewhat cavalierly treated, making it difficult to identify cleanly what might
be referred to as the first-round impact of monetary policy in the cost-of-capital
channel. The novelty of this paper is that it estimates more precisely the
first-round effect based on the second-round one of monetary policy in the
interest rate channel. the response of investment spending to a change in the
user cost of capital.

The goal in this paper is to examine how the strength of the cost-of-capital
channel of monetary transmission has changed in Korea in the recent low
inflation era relative to the prevailing high inflation environment, by deploying
a two-step process. The process begins by estimating a variant of the
neoclassical model of investment, incorporating firms' cash flow based on
sizable firm-level panel data over the 1988-1998 (high inflation) and 1999-2004
(low inflation) periods. This allows identification of estimates of the user cost
elasticity over these different periods. Based on an expanded version of the user
cost equation derived from the neoclassical theory of investment, we then
generate estimates for the elasticity of the user cost of capital with respect to
the policy rate over the different periods, by decomposing its chain into two
parts —the elasticity of the financial cost with respect to the policy rate, and that
of the user cost with respect to the financial cost. In combination, this two-step
process makes it possible to pin down more precisely each sequence of
transmission running from the policy rate to investment via the user cost, and
thereby to identify how the effectiveness of the interest rate channel has
changed in the recent low inflation period, compared to the high one.
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This paper is organized as follows. Section 2 first derives the econometric
equations for investment and the user cost of capital based on the neoclassical
theory of investment. In Section 3, the firm-level panel data for 471
manufacturing and non-manufacturing firms over the 1988-2004 period is then
described, with the summary statistics of regression variables being briefly
characterized. After considering a variety of regression specifications, estimation
techniques and biases, we present estimates for the user cost elasticity over the
high and low inflation periods. Two approaches—the combination of three
partial elasticities, and embedding the marginal effect of a change in policy rate
on the user cost—are applied to obtain the estimates for the policy rate elasticity
of the user cost. Taken together, the results identify the elasticity of investment
with respect to monetary policy over the high and low inflation periods, which
is the primary concern of this paper. Section 4 then summarizes the key
empirical findings and suggests some implications for monetary policy.

Neoclassical Model of the User Cost of Capital and Investment

1. Analytic Model

The neoclassical investment model has been most widely used to explore the link
between investment and taxes or interest rates, and is therefore well-suited to analysis
of the effect of either fiscal or monetary policy on investment. The neoclassical
theory of investment focuses on a derived demand for the flow of investment by
firms. The derived demand is determined from a desired (or optimal) stock of capital
obtained by Jorgenson's condition (the marginal product of capital is equal to the user
cost) and some exogenous dynamic adjustment mechanism that specifies the rate at
which a firm's capital stock approaches its desired level (Abel (1990), Hassett and
Hubbard (1997)). Solving dynamic optimization by a competitive firm i of the
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present value of its net cash flow over an infinite horizon, subject to the evolution of
capital accumulation, yields an expanded version of the user cost equation (1) for
firm i (see Appendix A for a derivation of equation (1)). The i subscript in the
following specification denotes firm-specific variables and parameters:

P: P:
Ci=————@-TC,, -TDA ), + 6 —— 1
oy @ TC STOA + 6 ) @
=PxTxR

where p, is the asset purchase price, p, (L-z,) is the after-tax industry output
price, z, is the corporate income tax rate, TC,, is an investment tax credit, TDA is
the present value of tax depreciation allowances, T is a financial cost of capital,

o s the asset-specific constant rate of depreciation, and p/ /Pt' is the capital
gain (or loss) on assets.

Observe that the initial Jorgensonian user cost is adjusted for the investment tax
relief (TC;, and TDA,;) and the asset purchase price relative to the real industry
output price, albeit absent the adjustment cost of capital. In a simplified version, the
user cost can be decomposed into three parts: relative price (P), investment tax (T)
and rental cost (R), containing two components - the opportunity cost of funds, a
primary concern in our analysis, and the constant rate of depreciation.

The desired stock of steady-state capital (K;,) in equation (2) can be derived by
setting the marginal product of capital’) equal to the user cost, and rearranging in

1) The output function (Y;,) of a competitive firm i with a constant elasticity of substitution has
the following form of the Cobb-Douglas production function: Y(K,L)=AleK ™ +1-a)L?1??,
where A is the efficiency parameter, o is the distribution parameter, g is the substitution

parameter, and the scale parameter equals one. The elasticity of substitution (o) - defined as
the elasticity of the capital/labor ratio with respect to the marginal rate of substitution
between capital and labor can be denoted as 1/1+#). Then the marginal product of capital
(Ye) is Y, =A™ (Y/K)™? . See Jorgenson (1972).
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terms of the capital. The desired stock of capital for firm i is expressed as a
well-known function of its real output (or real sales), Y;, and the user cost of capital,
UC,, - proportional to Y;, and inversely dependent on UC,,. Y, in equation (2) is
assumed to be a constant return to scale in capital and labor and a Cobb-Douglas
production function of a competitive firm i with a constant elasticity of substitution
between the two inputs (o =1/(1+ 8) =1). Itis obvious in equation (2) that the output

elasticity will be greater than the user cost elasticity if o <1. In addition, o is closely
tied to the user cost elasticity in the derived demand for the flow of investment:

K= (%)“Yi,t (uc,,)™ )

where A > 0, O<a <1, € > -1. Dynamics are required when translating the
demand for capital stock to the demand for flow of gross investment (i), which
consists of net investment and replacement investment. As in Chirinko et al.
(1999), net investment (1,") for the current period t— the change in the capital
stock between periods t-1 and t— is scaled by the existing capital, K;,;. An
exogenous dynamic adjustment mechanism is introduced so that the net investment
ratio (1, /K;,,) adjusts based on the weighted geometric mean of the relative
changes in the desired capital stock for the past through period t, i.e.,

]_[(Kift,h /Kift,h,l)a“. Replacement investment scaled by the existing capital
h=0

(17 /KiH) is assumed to take place at the constant rate of depreciation, 5, . Taking

the logs of the net investment ratio and of equation (2), substituting the log of
equation (2) into the log of the net investment ratio for InK;,_, and In K ipy» and
adding s, and a white noise error (u,,) to it yields the following autoregressive

distributed lag (ADL) investment model of equation (3):
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where 0<ea, <1, representing a mixture of static or regressive expectations and
technological constraints such as delivery lags, gestation lags, and other frictions
(Chirinko (1993), Breitung et al. (2003)). It is worthwhile to note that both Y;, and

UC;, enter the gross investment model as the distributed lags of percentage changes.

2. Econometric Specification

Equation (3) is based on the assumption of a perfect capital market. But, as the
claim of a balance sheet channel of monetary transmission emphasizes, it seems more
realistic and acceptable to presume that a firm's investment could be sensitive to its
"collateralizable™ net worth (internal funds) position, owing to the asymmetric
information and agency problems in the imperfect capital market. In this case, small
firms that are most likely to face disproportionately large premiums for external
finance show a tendency to rely almost exclusively on internal funds for their capital
investment. To consider the short-term finance constraints, the ratio of liquidity to the
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existing capital (LIQ, /K _, ) enters equation (3) as a measure of internal funds, as
with recent empirical models of investment including Fazzari et al. (1988), Chirinko
and Schaller (1995) and Chirinko et al. (1999) among others:?)

| n AY;, n AUC, s LIQ., ., — LIQS
=5+ ) e [ ] aZah[ ]sz/lh HQun ~HQ +U,
K', Ylt h-1 UClt h-1 Ki,t—h—l

h=0 h=0

h=0 it—h-1 it—h- h=0 it—h-1

< Aer—h < AUCzth
:}',+Za,,[y ] Zﬁ [UC J ZK K e, )

Since equation (4) has long-run properties, it seems reasonable to associate the
actual liquidity ratio with its long-run level, LIQ, , —LIQ;. Letting LIQ;,
approximate a constant and assuming that the firm approaches this level in the
relatively short-run, would lead to the model specification of equation (4). In this
case, the long-run level of liquidity scaled by the existing capital, LIQ, /K

Ithl,W|II

be absorbed into a firm-specific fixed effect, y;. Thus, only liquidity in the level

scaled by the capital (LIQ, JK ) enters equation (4). Cash flow can properly be

it-1

2) According to the claim of the balance sheet channel of monetary transmission, the premium
for external funds is inversely dependent on the share of a firm's capital investment that is
financed by its own net worth. The less net worth a firm seeking bank credit has, the more
likely it is to default because its cushion of assets is not sufficient to pay off its loans. The
lender needs to be compensated for the higher agency costs (monitoring/bankruptcy costs) of
the lender-borrower relationship by a larger premium. It is for the most part small firms with
relatively lower collateralizable net worth (i.e., lower credit-worthiness) than large firms that
are likely to face disproportionately large premiums for external finance. Thus, small firms
show a tendency to rely almost exclusively on internal funds and intermediated credit such
as bank loans, due to their poor access to open market credit in the face of the large
premiums charged them. In contrast, large firms with good access to credit including bank
loans and other sources of short-term credit will face less financial pressure. See Fazzari et
al. (1988, 2000), Gertler and Gilchrist (1993), Bernanke et al. (1996, 1998), Schaller (1993),
Chirinko and Schaller (1995), Kashyap et al. (1994), Gilchrist and Himmelberg (1995, 1998),
Hubbard (1998), and Chirinko et al. (1999).
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used as a measure of liquidity. In particular, when incorporating non-static
expectations in the derivation of the demand for investment with elasticity of
substitution less than one, the lag lengths of the output and user cost of capital may
differ, and the magnitude of the response of investment to the output will be larger
than the response to the user cost of capital in equation (4). It is worthwhile to note
that the sum® of s captures the elasticity of the long-term capital stock with respect

to the user cost of capital, which is key to evaluating the effects of monetary policy on
investment.

Since the focus of this paper is to tap a panel of firm data, it is necessary to
construct a more concrete definition of the user cost of capital, by allowing
firm-specific variation at the industry and capital asset level. To this end, the
specification of the user cost in equation (5), modified to reflect firm heterogeneity
available from the micro data sources, is more appropriate relative to equation (1):

o! p;
uc :—Jt(l—TCg(j)’t_TDAj,t)(Ri,t+59(j)__:t

" 5
o pg,t(l_ft) pj,t ( )

where UC is the user cost of capital generated by taking the industry g which
firm i belongs to and the tangible fixed asset j at time t into consideration, p},t is the

purchase price for asset j attime t, p;,t is the industry g output price attimet, TC, ;.

is an investment tax credit applied to the asset j of the industry g at time t, TDA,, is the
present value of tax depreciation allowances (corporate tax rate 7, x the present value

of the future depreciation allowances) applied to the asset j at time t, and thereby

(@-TC, ;. —~TDA,,) implies an effective after-tax purchase price of one unit of asset

3) In equation (4), the sum of Bs, SUM(B), can be expressed as the elasticity of the long-run
capital stock with respect to the wuser cost when the lag operator equals one:
SUM(ﬁ) = (AKm/Km)/(AUCLt/Ucl,t) .
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J» R, Isthe after-tax financial cost ((1-z,)r,), &,;, is the constant economic rate of
depreciation applied to the asset j of the industry g (the same over time), and

pi./P;], isthe capital gain (or loss) on the asset j at time t.

Estimates of the Effect of the Policy Rate on Investment

1. Panel Dataset and Summary Statistics of Regression Variables

In this section, a panel dataset is used to measure the user cost of capital of equation
(5) and also for the regression estimates of equation (4). The dataset is constructed
from the Kis-Value Industrial Database containing firms' financial statement data
maintained by Korea Information Service. The panel dataset consists of Korean
statutory audited firms excluding financial institutions for the period 1988 to 2004.
After filtering out 50 firms with missing or false observations for the sample
variables, or negative values in their interest expenses to total borrowings and bond
payables, their real capital stock or their user cost of capital, we ends up with 570
firms. Further, trimming the outliers® for the sample variables used for regression
estimation yields a final sample of 471 firms (396 firms from manufacturing industry
and 75 firms from other industries) that provide a balanced panel of 8,007 annual
observations for the regression for the period 1988 to 2004.

We now briefly describe how the sample variables used for the regression
estimation of equation (4) are constructed. Real gross investment (1, ) is constructed

as I, =(NIV,, +D;,)/p!, , where NIV,  is netinvestment at time t measured by net

4) An observation is classified as an outlier if the absolute value of the deviation of a variable
(X;.) corresponding to firm i's asset j at time t from its mean in a specific year is greater
than six times its standard deviation (o) based on Chevyshev Inequality: ‘Xm -X

>6x0-
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increase in tangible fixed assets from the statement of cash flows, and D, refers to
replacement investment (the book value of depreciation expenses from the statement
of cash flows) at time t. Deflating nominal investment with the firm-specific purchase
price index for assets ( pi, ) will yield real gross investment ( ).

Assuming that investment and disinvestment take place in the middle of the year,
firm-level real capital stock (K;,) at the end of time t can be measured based on its
initial condition (defined as the book value of net tangible assets in 1988 divided by

Pi 1008 ), USiNG real investment (1;;) and the depreciation rate (&;,) in the modified

capital accumulation equation (6):

Ki =@-6,)K,, +@=5,/21,°% (6)

5) The firm-specific purchase price index for assets is a weighted average of eight types of assets
i, b =Zglw.,“p}‘,, where @, is the proportion of the book value of asset j in total tangible
fixed assj,gts (excluding land) presented in the balance sheet for firm i at time t, and pj, is
the purchase price of asset j at time t. For buildings, structures, machinery, ships-airplanes, and
vehicles, pj, is the price deflator calculated with data from the composition of gross capital
formation by type of capital good in the national accounts. We use the producer price index
(PPI), however, for the purchase prices of tools, office equipment and other tangible assets.
Given that investment and disinvestment take place in the middle of the year, the
depreciation rate &, can be formulated as

6in — Di,t — 2D it

6

~

LVra +L1wFA +D,,) DutVFA+VFA
2 — 0 2
value of tangible assets value of tangible assets

in the first half of the year in the second half of the year

The traditional effective rate of depreciation, &, =D,,/VFA, (VFA,, is the book value of
tangible assets at the end of time t-1), is based on the assumption that the new investment
or disinvestment occurs at the end of the year. If we assume that investment and disinvestment
take place in the middle of the year, 5, would overestimate the actual rate of depreciation
because the denominator, VFA ., cannot account for the value of depreciation for new
investment occurring in the middle of the year. Conversely, &, would be underestimated, since
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We measure liquidity in equation (4) with cash flow (CF,,), which includes all

profits, operating & non-operating, before deducting interest and income taxes
(EBIT) from the Kis-Value Industrial Database for firm i at time t. As with recent
empirical models of investment, firm i's real output (Y;, ) is measured by its real sales

(Siy): nominal sales taken from the income statement deflated by the
industry-specific output price deflator used to define the user cost of capital (ngt )7)

in equation (5).

For the firm-specific user cost of capital (UCi,g,j,t

), we have data for eight different
tangible assets (buildings, structures, machinery, ships-airplanes, vehicles, tools,
office equipment, and other tangible assets) and 30 types of industries (21 types
belonging to the manufacturing industry and the remaining nine to other industries).

The firm-specific user cost of capital, UC ¢ is a weighted average of the asset user

costs of the industry g that firm i belongs to, with the weight being the proportion of
tangible asset j in total assets.®)

a firm can keep registering the value of depreciation until the end of the year even though
disinvestment has already taken place in the middle of the year. To address this problem, we
assume that the actual value of tangible assets for the second half of the year, VFA _ +INV,,,
can be proxied by VFA, +D,,, derived from the equation VFA,=VFA , +INV,, -D,,, where
INVi; is the actual value of firm i's new gross investment on tangible assets in the middle
of the year. The underlying reason for this assumption is that VFA, +D;, -VFA ., seems to
be an acceptable measure of INV;, unavailable in our dataset. It can be shown from the
modified depreciation rate above that D, =VFA, -6, +(5;,/2INV, =K, -6 +(5, /2.
Substituting for the depreciation expense in the traditional capital accumulation equation with
this result yields equation (6). See Gabor-Wolf (2004).

7) The deflator, P}, is defined as the industry-specific output at current prices deflated by the
output at constant price taken from the gross domestic product by kind of economic activity

and gross national income in the national accounts.
8

8) The firm-specific user cost is defined as: UC,, ;, :Zx/.,ch(,W, where 4;; is the proportion
=1

of tangible asset j in total assets.
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The investment tax credit (TC, ;). ) is applied to the asset j of the industry g at time
t and varies across assets and industries. The present value of tax depreciation
allowances (TDA ) for the asset j as defined above can be created by determining
the present value of the future depreciation allowances using an appropriate
depreciation formula.®) The corporate income tax rate (7,) has been lowered
continuously from 38.3% in the period 1988 to 1990 to 29.7% now (see Appendix C).

The after-tax financial cost (R;;) - a key variable for this study - is measured by

R, =(@-7)r,, where r;, is the interest expenses to total borrowings and bonds
payable available from the financial statement analysis of the Bank of Korea. From

this after-tax financial cost, we then deduct the GDP deflator rate to reflect the capital
gain (or loss) on the asset j at time t (p}yt/p}yt ), which yields the after-tax real

financial cost. The constant economic rate of depreciation applied to the asset j of the
industry g ; Sy’ is the same for all firms belonging to the industry g and for all

9) The present value of the future depreciation allowances (6;) can be approximated by:

t D_
0, :z(1+|1r‘t)' , where Dj, is the depreciation expense for one unit of asset j at time t, rtis
t=1

the discount rate for the depreciation expense (the yield on corporate bonds with 3-year
maturity), and tis the lifetime of the asset j for tax purposes calculated based on enforcement
regulations of the corporate income tax law. The lifetime of asset j is measured based on the
Appendix B. To obtain D,,, it is necessary to apply an appropriate depreciation formula to

each asset: we employ a straight-line formula for buildings and structures and a declining
balance formula for other assets. For the straight-line formula, the depreciation expenses are
assumed to be the same for all years:

D,;, = [(historical cost of asset j - estimated salvage value of asset j)/(estimated useful life of

asset j)]
Meanwhile, the declining balance formula can be constructed by : D;,= [previous year-end

book value of asset j (historical cost of asset j - accumulated depreciation of asset j)+y];
where 7 denotes the depreciation rate for the declining balance formula taken from the
depreciation rate schedule of the corporate income tax law, and the asset j is assumed to
have no salvage value. See Hall and Jorgenson (1967).

jtr
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years.'%

Inflation rates in most countries have fallen considerably since the mid-1990s,
and a period of low and stable inflation at around the 5% level began from
2000.1V) Figure 4 illustrates that Korea's CPI inflation rate averaged 6.3%
annually during the 1988 - 1998 period, but began to slow down in 1999 and
more than halved to an annual average of 2.8% over the 1999-2004 periodlz).
Since the focus of this paper is to examine whether the interest rate channel of
monetary transmission has changed in the recent low inflation period, relative to the
high one, for analytical convenience the periods before and after 1999 are denoted as
the high and low inflation periods, respectively.

[Figure 4 in Appendix D Inserted here]

Table 1 presents summary statistics for the regression variables over the high and
low inflation periods, as previously denoted. For the high inflation period, the mean
of the gross investment-to-capital ratio (I,, /K, ) shows strong growth of 36.8%
relative to other variables. Considering that the mean of the real depreciation rate
amounts to 24.2%, however, the mean of the net real investment ratio grow by about
12.6 %. While the means of the cash flow-to-capital ratio (CF,, /K, _, ) and real sales

10) For buildings and structures, we apply the ratio of 1/lifetime of asset j as their economic
depreciation rate, while using the estimated depreciation rates for other assets constructed by
Hyun and Pyo (1997) due to the paucity of alternative acceptable measures.

11) Trend of CPI Inflation Rate (Annual, %)
1980-84 1985-89 1990-94 1995-99 2000-04
World 14.1 155 30.4 8.4 3.9
Advanced Countries 8.7 3.9 3.8 2.0 1.8
Developing Countries 314 48.0 53.2 131 5.6

Source: IMF, World Economic Outlook
12) In addition, AA--rated corporate bond yields marked an annual average of 14.6% prior to
1999, but have fallen sharply to around 7% in the post-crisis period (1999-2004).
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growth (A'S;, /Siia ) - substituted for output growth in equation (4) - are moderate at
16.4% and 8.5%, respectively, the mean of the user cost growth (AUC; , /UCi,H) is

more modest at 4.4%. The within-firm standard deviation in Table 1 represents quite
large variations for all three variables, substantially exceeding their means. The
statistic of firm-specific time variation provides interesting information on firm-level
variation across time. This indicates the proportion of time-series variation of a
variable that can be explained by firm-specific factors. If this statistic approaches
one, almost all time-series variation is firm-specific. Around 95% of time-series
variation is firm specific for the real sales growth and the cash flow-to-capital ratio,
while around 75% to 80% is firm specific for the user cost growth and the gross
investment ratio.

[Table 1 Inserted here]

In the low inflation period, the mean and within-firm standard deviation of the
gross investment-to-capital ratio are lower than those in the high inflation period,
with 98% of time-series variation being firm specific (compared to a lower figure of
80% in the high inflation period). In addition, the mean of the user cost growth turns
out to have small negative values, and the within-firm standard deviation and
firm-specific time variation are almost equal to those in the high inflation period. The
summary statistics for sales growth are also not substantially different from those in
the high inflation period. The firm-specific time variation of the cash flow ratio turns
out to be slightly increased, from 95% over the high inflation period to 99% in the low
one. In the low inflation period, therefore, the time-series variation for all variables,
excluding the user cost growth, is for the most part firm specific.

Figures in Appendix D illustrate the evolution of all regression variables in the
sample period. Figure 1 in Appendix D shows that the gross investment ratio dropped
sharply between 1988 and 1993 before leveling off up to 1997, and after falling
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significantly in 1998 it began a very slow decline. Figure 1 also reveals relatively
large low-frequency movements of the user cost growth over the sample period.
When comparing the investment ratio with the trend of the user cost growth, it turns
out that there seemed to be a modest negative correlation between the two variables
over the high inflation period, while the correlation was not clear-cut thereafter. This
finding is essentially consistent with estimates for the user cost elasticity of capital
over the different periods, as will be analyzed below. Figure 2 in Appendix D, tracing
out the movements of all three variables, indicates that the patterns of both real sales
growth and the cash-flow ratio were similar to those of the investment ratio over the
pre-crisis period, after which there were larger swings of both variables, especially in
1998 - 2001.

Figure 3 in Appendix D illustrates the annual growth rates of the user cost of capital
and its components over the sample period. The user cost growth was modest, being
between around 0.1% - 0.2%. Note that the after-tax real financial cost tended to move
in tandem with the user cost, with its value being lower than the latter. However, an
effective after-tax purchase price of one unit of asset j, (1-TC,,, —TDA,,). appears

to have a modest negative correlation with the purchase price of asset j relative to the

after-tax industry g output price, P;, / Pe A—7,).

2. Estimates of the Effect of the User Cost of Capital on Investment

This section aims to identify the fixed effect (FE), the first difference (FD) and
fixed effect instrumental variable (FEIV) estimates for the user cost elasticity of the
capital stock.

We begin by estimating the neoclassical model of investment (equation (4)) with
and without cash flows, using both the FE and FD methods and the firm-level panel
data over the high inflation period from 1988 to 1998. Table 3 presents two
alternative estimators that eliminate firm-specific fixed effects using both the FE and
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FD models. All four regressions reported in Table 3 give estimates for the distributed
lag coefficients of the user cost growth (AUC,, JUC, ). All of the individual

coefficients of AUC, JUC, have the expected negative signs, and most of them

turn out to be statistically significant. The sum of the estimated individual
coefficients denoted as SUM( 8) - representing the elasticity of the long-term capital
stock with respect to the user cost of capital - ranges narrowly from -0.253 to -0.291.
The null hypotheses that SUM( ) is zero or minus unity are both rejected,
confirming that the user cost elasticity is statistically different from minus one as well
as zero. Including cash flow to the model does not change SUM( #) significantly,
while it lowers the sum of the individual coefficients of sales growth, SUM(« ), from
0.220t0 0.163 in the FE regression and from 0.146 to 0.064 in the FD regression. One
plausible explanation for the lower coefficients on sales growth may be the
simultaneity between sales growth and the cash flow ratio, given the modest positive
correlation of 0.153 between them. Meanwhile, the correlation between the user cost
growth and the cash flow ratio turns out to be nearly zero (-0.029). It seems most
likely that the estimated SUM( ) in the regression with cash flow captures the

conventional substitution effect of the user-cost change.
[Table 3 Inserted here]

Table 4 reports the FE and the FD estimates for the neoclassical model of
investment in the recent low inflation period of 1999 through 2004. Table 4 shows the
estimates with a more parsimonious specification, dropping the insignificant lags of
the user cost in particular. It is important to note that the estimated SUMs, notably the
SUM( 2) in absolute value, are markedly reduced in the FE and the FD regressions

with and without cash flow. The estimated SUM( 2) in absolute value has fallen to a

level ranging from -0.019 to -0.027, with the contemporaneous user cost effect alone
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being significant. This is in sharp contrast to the corresponding estimates of -0.253 to
-0.291 in the high inflation period. The result appears to be in line with the
widely-held view that firms' investment has recently become less sensitive to
changes in the real financial cost (i.e., the user cost), relative to the pre-crisis period,
essentially due to the less-binding finance constraints alleviating their need to resort
to external borrowings. In addition, it seems likely that firms' investment Iag13) in
response to the change in the user cost has shortened noticeably in the recent low
inflation period. The estimates for the SUM(« ) and SUM(¥ ) have also declined to a
large extent, if not so dramatically as those of the SUM( £). On balance, the evidence

suggests the possibility that the traditional neoclassical theory of investment may no
longer be suitable to account for the recent patterns of firms' investment behavior.*¥

[Table 4 Inserted here]

As just discussed, the firms' investment ratio is modestly correlated with other
regressors — especially sales growth and the cash flow ratio. The firms' sales growth
is also positively correlated to some extent with the cash flow ratio. Thus, including
cash flow lowers the effects of sales growth. There is, however, almost no correlation
between user cost growth and the cash flow ratio. Consistent with this finding, the
aforementioned FE and the FD estimates for the SUMs are relatively volatile,
depending upon whether the FE or the FD regression is employed, and whether cash
flow is included or not. In this case, the estimated SUMs including SUM( g8) can be
biased and thereby inconsistent. To get around the possible problem of simultaneity,
the FEIV estimation may therefore prove useful.

Table 5 presents the FEIV estimators over the high inflation period (refer to the

13) See Avner and William (1996).

14) Firms' investment in the recent low inflation period may be more influenced by other
factors, such as the growing uncertainty about investment timing associated with the
difficulty in finding new profitable business lines, and the alleviation of finance constraints
due mainly to the lower interest rates and improved finance structures, among others.
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instrument lists in the table footnote). Hausman tests reject the FE and the FD
estimates in favor of the FEIV estimates for the model with the same specifications as
in Table 3 for the high inflation period. The model in Table 3 is then reestimated with
the instrument variables in a parsimonious specification, excluding the insignificant
lags of the regressors. Note that the FE and FD estimates in Table 4 are suitable to the
low inflation period, because the Hausman test cannot reject the null hypothesis that
the FE and the FD estimates are equal to the FEIV estimates. In the FEIV estimates
for the high inflation period in Table 5, only the contemporaneous term is significant
for sales growth. The FEIV estimates for the SUM( 8) are -0.247 for the regression

without cash flow and -0.259 for the regression with cash flow. However, the FEIV
estimates for the SUM( ) reach 0.304, almost tripling the FE and the FD estimates
(0.098 - 0.113) for the low inflation period in Table 4. This result may provide
evidence to support the widely-held view that firms' investment decisions at the time
were influenced by their internal funds (liquidity) — i.e., their finance constraints — in
an important way.

In sum, three key findings can be drawn from the results in Tables 4 and 5. First,
the estimate for the long-run user cost elasticity (SUM( £)) turns out to be -0.259 for

the high inflation period. However, it falls dramatically in absolute value for the
recent low inflation period to move within a narrow range from -0.019 to -0.027. This
result confirms that the user cost elasticity — the second-round impact of monetary
policy in the cost-of-capital channel — is significantly different from zero but much
less than unity in absolute value. Second, the long-run user cost elasticities in
absolute value appear to be largely similar to or even higher than the long-run sales
elasticities, providing evidence against the simple accelerator models that include
only sales. Third, the estimated SUM(w) amounts to 0.304 in the high inflation
period, almost triple the corresponding estimates (0.098 - 0.113) in the low inflation
period. This evidence suggests that firms' internal funds (liquidity) were another
important factor determining their investment in the pre-crisis period.
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[Table 5 Inserted here]

3. Estimates of the Effect of the Policy Rate on the User Cost of Capital

This section is devoted to identifying the first-round effects of monetary policy in
the cost-of-capital channel for the high and low inflation periods. This issue is dealt
with by generating estimates for the elasticity of the user cost with respect to the
policy rate (overnight call money rate) based on the specification of the user cost in
equation (5). The elasticity of the user cost with respect to the policy rate can be
decomposed into two parts —the elasticity of the financial cost with respect to the
policy rate and that of the user cost with respect to the financial cost.

3.1. Estimation Methods

The first-round impact of monetary policy in the cost-of-capital channel can be
traced out by a chain of the three partial elasticities. Monetary policy does not have a
direct effect on the user cost. The connection to monetary policy comes via the link
between the policy rate and the after-tax financial cost: a policy-induced interest rate
increase translates into an increase in the financial cost, which in turn implies a higher
user cost of capital. The chain of the three partial elasticities in equation (7) is a useful
device'® to capture the interest rate channel of monetary transmission at work. As
already discussed, the estimate for the long-run user cost elasticity (SUM(/5)),

denoted as efc"i“( in equation (7), represents the second-round impact of monetary

policy in the interest rate channel. The elasticity of the user cost with respect to the

policy rate (6:?“‘) in equation (7) is the first-round effect of monetary policy in the

Cit

interest rate channel. 8:; can be decomposed into two parts - the elasticity of the

15) The simple and clear-cut decomposition of equation (7) will remain conceptually robust,
ceteris paribus, when a change occurs in one of the partial elasticities.
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financial cost with respect to the policy rate (8 "), and that of the user cost with

respect to the financial cost (SEii"‘ ):

Kit Ki uc;, Ri 7
- o o .
grf gUCI,l gRl‘t gl}c ( )
| —
SLVCIAI

R
where 1 is the monetary policy indicator or policy rate, and R, is the after-tax
financial cost as the key determinant of the user cost of capital.

The elasticity of the user cost with respect to the financial cost (8 ") can be
directly estlmated from the user cost equation (5).16 However, glven that

Ri
grf = a c
of a change in the policy rate (overnight call money rate) on the after-tax financial

(—) there is some difficulty in directly estimating the marginal effect

OR;
cost ( arét ), because 1, has only the time variation common to all firms, as opposed
t

to Ri: which allows firm-level variation. To get around that problem, we obtain an

approximation of by the weighted average of the marginal effect of the monthly

a c
B

or,
change in the policy rate on the bank lending rate (?) and long term interest rate
t

(6r
a C

L

), where 1% is a weighted average of commercial banks' interest rates on loans

ouc,, R _ _
16) 5" can be approximated by = [Lf[ , where Ri; and UCi, represent the average after
it it
ouC,,

tax financial cost and the average user cost, respectively. From the equation (5),

le
. Py (-1,
p',t RI!
S (1’71 ) @-TCy(je TDA”)i
gt t Ci,

| t

turns out to be (1-TCy; —TDA;,). Thus, an approximation of SR defined as
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to firms and r," an average yield on high-grade corporate bonds adjusted to AA-

- is defined as Ry = or’ x SB + on
ar, orS or’ or’
where SB is the weight of firms' short-term borrowing and LB the weight of firms'
long-term borrowing. Notice that this simplified approximation is based on the
source of the firm-level financial debt over which the after-tax financial cost (firms'

average interest expenses to total borrowings and bonds payable) at the firm level,

it

basis. Thus, an approximation of x LB,

OoR, ,
Ri., in equation (5) has been constructed.l”) Using a—'c",m) £ can be
r t

Ry, T, = ‘ .
approximated by £ = a—'c't(_r—t) ,Where r; and R;, denote the average policy rate
! t it

and the average after-tax financial cost, respectively, over the high and low inflation

17) For example, short-term borrowing from financial institutions accounts for about 48% of
firms' total financial debt and long-term borrowing (new issues of corporate bonds) around
19% on average over the whole period. The average weights of firms' short-term and
long-term borrowings turn out to change only modestly over time. The approximation,
however, is based on the assumption that a monthly change in the policy rate does not
change the weights of firms. short-term and long-term borrowings. This assumption may be
valid only in the short-run. If firms adjust their leverage in response to the policy-induced
interest rate changes, the elasticity of financial cost with respect to the policy rate could be

lower than it would be without adjustments of their financing structures. Furthermore, we
B L

0
art“ and 6?° for the different periods by regressing the monthly

t

bank lending rate and the monthly average yield on corporate bonds, respectively, on the
monthly policy rate and taking the resulting coefficients for the corresponding periods.

oR, ) . .
Oﬂr';t , We first estimate the marginal effect of the monthly change
or, B L
I, or,
or P ) for the
or- . oft
‘c (|.e., tc
or, or,
average weights of firms' short-term borrowing (SB) and long-term borrowing (LB) over the
R, . . R,
ar? . For example, as seen in the second row (B) in Table 6, ar?
t t

or® or;
(=0.471) x SB(= 0.471) + — (= 0.66) x LB(= 0.192) .
or’ or’

obtain the estimates of

18) To obtain an approximation of

in the policy rate on the bank lending rate (—) and long term interest rate (

or?
and
pe )

different periods. Then multiplying the estimates of

a B
a:° (e, ) by the
t

corresponding periods yields

ends up at 0.319, which is calculated by
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periods.

Another approach to estimating the first-round impact of monetary policy in the
cost-of-capital channel involves equation (8), which follows a two-step process to
estimate the effect of a change in the policy rate on the capital stock with a balanced
panel consisting of our 471 firms. Equation (8) can be decomposed into two parts: the
elasticity of the long-term capital stock with respect to the user cost corresponding to
the estimate for the long-run user cost elasticity (SUM( 2)), and the weighted average

of the firm-specific percentage change in the user cost as a result of a change in the
policy rate (Ar,"). Of particular importance is the second part of equation (8), which

measures the effect of a change in the policy rate on the user cost, i.e., the first-round
effect of monetary policy.lg) The change in the user cost for the total sample of 471

471
firms (ZAUCM) can be decomposed into the chain of two marginal effects
i=1
471

uc,, R, R,
attributed to a change in the policy rate (Ar,"), Z([ Y 1L ore —ArE) , where P
it t

is

an approximation of as described above. Note that a),t . Isfirm i's share of the

R
a c
total sample capital stock (K, /K,) inequation (8).

a1 . 471 AK 471 AK K

Z|<It’l _Z Z Itl Kt—l

i=1 i=1 tl i=1

a1 AUC,, K,y
=SUM (ﬂ)z o K
it-1 t-1

471

—SUM(ﬂ)Z(UC @y

it-1

19) Equation (8) is a modified version of the formula designed to estimate the effect of a tax
change on the capital stock by Chirinko et al. (1999).
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auC,, aFE“]A .
: : I
= SUM@B) (&~ 6R,, oart” ' (8)
z Uc W4
i=1 it-1

3.2. Estimation Results

Table 6 presents the estimates for the elasticity of the user cost with respect to the
call money rate, drawn using the chain of the three partial elasticities in equation (7).

The estimate for the elasticity of the user cost with respect to the financial cost (sgﬁ“‘ )

obtained using equation (5) amounts to 0.712 over the high inflation period, larger
than the corresponding estimate of 0.514 for the low inflation period. In contrast, the

estimate for the elasticity of the financial cost with respect to the policy rate (5:1"' ) for

the high inflation period is reduced to 0.304, distinctively lower than the estimate of
0.816 for the low inflation period. This result may be attributable to the much higher
oR,
“L) for
on,
the low inflation period. The elasticity of user cost with respect to the policy rate

marginal effect of a change in the policy rate on the after-tax financial cost (

(S:JC(C"’ ), captured by the chain of 8E° and €rR taken together, ends up at 0.216 for

the high inflation period and 0.419 for the low inflation period.
[Table 6 Inserted here]

Table 7 reports the estimates for the percentage change in the user cost for the total
sample of 471 firms as a result of a change in the policy rate (Ar,"). Assuming that the
marginal effect of a change in the policy rate on the after-tax financial cost, as
G
or’
is expected to have an effect on the percentage change in the user cost of 3.154 X Ar,

approximated by

is the same for all 471 firms, a change in the policy rate (Ar")
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for the high inflation period. Meanwhile, the impact rises substantially to 10.247 %
Ar¢ for the low inflation period.

[Table 7 Inserted here]

4. Estimates of the Effect of the Policy Rate on Investment

The two-step process that we have followed above will make it possible to
determine each sequence of the transmission running from the policy rate to
investment via the user cost and to identify how the effectiveness of the interest rate
channel has changed over time. Table 8 provides a summary of the estimates for the
two key partial elasticities embedding the interest rate channel of monetary

transmission. Substituting for the user cost elasticity (5&':':1 ) with the estimate for the
long-run user cost elasticity (SUM(42)) and multiplying it by the estimate for the

elasticity of the user cost with respect to the policy rate go ields the estimate for
y p policy e )Y

the elasticity of the capital stock with respect to the policy rate (8:!“ ), which is the

primary concern of this study.

The third row (C) of Table 8 indicates that the capital stock decreases by 0.056% in
response to a one percent increase in the policy rate for the high inflation period,
while declining by merely 0.011% in the low inflation period. An illustrative

. . Ki. . L .
calculation to assess whether the estimates for € " are economically significant will

be informative. The estimated ng for the high inflation period suggests that if the
call money rate increases by 25 basis points (5%) from the current level of 5%, the
long-run capital stock will fall by 0.280% (= 0.056 x 0.05). With the estimated 8,?‘“

for the low inflation period and the same scenario, however, the long-run capital
stock will decline by 0.055% (= 0.011x0.05). This result can be interpreted as real
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evidence that the strength of the cost-of-capital channel has been markedly weakened
since 1999 in Korea, so as to amount to only approximately 20% of that during the
high inflation period. The underlying reason for this evidence may be attributed to the
dramatic decline in the user cost elasticity in the recent low inflation period.
Moreover, considering that the estimated SUM(V¥) of 0.113 for the low inflation
period is much less than the corresponding estimate of 0.304 for the high inflation
period, as noted in Tables 4 and 5, it seems conceivable that the effectiveness of the
broad credit channel (what is referred to as a financial accelerator hypothesis) may
also have been substantially attenuated.

[Table 8 Inserted here]

Table 9 presents the estimates for the strength of the interest rate channel of
monetary transmission running through the percentage change in the user cost for the
total sample of 471 firms. Based on equation (8), multiplying the estimate for the
long-run user cost elasticity (SUM( 3)) by the estimated impact of a change in the
policy rate (Ar,”) on the weighted average of the firm-specific percentage change in
the user cost yields the estimate for the percentage change in the capital stock
(AK,, [Kia the investment/capital ratio) as a result of a change in the policy rate for

the total sample of 471 firms. The estimates for AK; /K, in response to Ar as

t-1
shown in the third row (C) of Table 9 are -0.817 % Ar¢ and -0.277x Ar” for the high
and low inflation periods, respectively. The effectof a change in the policy rate by
Ar on the percentage change in the capital stock turns out to be much larger in

absolute value for the high inflation period than for the low inflation one, by a factor
of almost three. An illustrative calculation using these estimates suggests that if the
call money rate rises by 5% from the current level of 5% (Ar = 25 bp), the

investment/capital ratio (AK [Kia ) for the total sample of 471 firms would fall by
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0.204% (=0.817x0.25) for the high inflation period. However, the dampening effect
of the call money rate increase of 25 bp on AK, /K will be only 0.069% (= 0.277

x 0.25) for the low inflation period.
[Table 9 Inserted here]

Overall, it is worthwhile to note that the two estimation methods discussed above,
even though offering somewhat different approaches to estimation, provide very
similar estimates of the strength of the interest rate channel over the high and low
inflation periods. Given the estimated elasticity of the capital stock with respect to the
call money rate (8:;“‘ ) for each period and a 25 bp (5%) increase in the call money

rate from the current level of 5%, the investment/capital ratio (AK; /K, ) is

predicted to fall by 0.204% to 0.280% for the high inflation period. However, the
investment/capital ratio would decline very modestly for the low inflation period,
ranging quite narrowly from -0.055% to -0.069%.

Summary and Policy Implications

This paper aims to investigate how the strength of the cost-of-capital channel of
monetary transmission has changed in the recent low inflation period (1999 - 2004)
relative to the high one in Korea. To this end, this paper provides a two-step process.
First, we determine the long-run user cost elasticities for the high and low inflation
periods by estimating a variant of the neoclassical model of investment with sizable
firm-level panel data. Second, we then generate estimates for the elasticity of the user
cost with respect to the policy rate for the different periods by decomposing its chain
into two parts — the elasticity of the financial cost with respect to the policy rate, and
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that of the user cost with respect to the financial cost. This two-step process pins
down 24 more precisely each sequence of transmission running from the policy rate
to investment via the user cost, and thereby identifies how the effectiveness of the
interest rate channel has changed in the recent low inflation period, compared to the
past high one.

Key findings drawn from this study can be summarized as follows. First, the
estimate for the long-run user cost elasticity turns out to be -0.259 for the high
inflation period. It falls dramatically in absolute value for the recent low inflation
period to move within a narrow range from -0.019 to -0.027. This result confirms that
the estimates for the user cost elasticity are significantly different from zero but much
less than unity in absolute value. The estimation of the elasticity of the user cost with
respect to capital stock, based on the real gross investment model excluding cash
flows over the 1988-2004 period, shows that the estimated user cost growth
coefficient is almost zero and statistically insignificant - although the estimation
result is less reliable due to the relative shortness of the estimation period.zo)
Therefore, relative to other comparable investment studies, our estimates for the user
cost elasticity are small in absolute value and even more so for the low inflation
period. Chirinko et al. (1999) claim that the estimated elasticities for the U.S.A. are
approximately -0.25. Chatelain et al. (2001) and Chatelain-Tiomo (2001) find these
elasticities for four major European countries to lie in a range from -0.25 t0 -0.67. The
strikingly small estimates for the recent low inflation era in Korea would support the
widely-held view that firms' investment has recently become less sensitive to the
change in the financial cost (i.e., the user cost), relative to the pre-crisis period. This

20) The estimation results obtained using aggregate data are presented in what follows.

I,/K,, =0.767(AGDP, /GDP,_,) —0.007(AUC, /UC, ,) +0.726(l, , /K, _,)

(4.28) (-0.184) (19.42)
In contrast to the case when micro firm-level data are used, here micro data on the annual
averages of the 471 firms are used for the gross investment-to-capital ratio and the growth
rate of the user cost, real GDP is used instead of real sales revenue, and time lags are
included to alleviate endogeneity. The t-values are in parentheses and Adj. R? is 0.93.
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result may be essentially traced back to the growing uncertainty about investment
timing associated with the difficulty in finding new profitable business lines, and the
less-binding finance constraints which alleviate their need to resort to external
borrowing. In addition, the contemporaneous user cost effect alone is significant for
the low inflation period, suggesting that firms' investment lag in response to the
change in the user cost has shortened noticeably. On balance, the evidence suggests
the possibility that the traditional neoclassical theory of investment may not be
suitable to account for the recent patterns of firms' investment behavior.

Second, the estimated sum of cash flow ratio is 0.113 for the low inflation period,
much less than the corresponding estimate of 0.304 for the high inflation period. This
result seems to provide evidence that the effectiveness of the broad credit channel
may also have been attenuated to a great extent.

Third, given the estimated elasticities of the capital stock with respect to the call
money rate (gr?" ) for each period, and a 25 bp (5%) increase in the call money rate
from the current level of 5%, the investment/capital ratio is predicted to fall within a
range from -0.204% to -0.280% for the high inflation period. However, the
dampening effect of the policy rate increase on the investment/capital ratio would be
very modest for the low inflation period, ranging quite narrowly from -0.055% to
-0.069%. This result implies that the effectiveness of the interest rate channel in the
low inflation period has been substantially weakened, so as to remain only
approximately 20 to 30 percent of what would be predicted for the high inflation
period. The underlying reason for that evidence may be attributed to the dramatic
decline in the user cost elasticity (85&‘:“ ) in absolute value for the recent low inflation
period, even though elasticity of the user cost with respect to the policy rate (E:fcc"’)
has risen by more than a factor of two relative to the high inflation period.

The evidence presented here suggests some policy implications. First, given the
profound attenuation of the interest rate channel of monetary transmission over the
recent post-crisis period, the monetary authority needs to take a renewed interest in
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finding practical means of preserving monetary policy effectiveness. Considering
that the main culprit is the substantial decline in user cost elasticity in the recent era of
low inflation, it seems important to provide an environment that renders investment
more responsive to a policy-induced change in the user cost. Scope for
implementation by the authority of workable and dependable policies to this end
appears very limited, however, in the sense that firms' investment undertaken in
response to the policy-induced change in the user cost tends to be principally
self-determined. One practical way around this difficulty might be through
tax-related policy, rather than monetary policy. Increasing tax incentives to investors
by extending the investment tax relief scheme, for example, or alleviating various
regulatory burdens, might serve to reduce firms' costs in adjusting their capital stocks
and enhance their investment responsiveness to the policy-induced user cost change.
This issue, clearly, confronts the authority with a new and serious challenge, which
may not be so easy to address.

Second, it is worth noting that, as of the final year of the sample period (2004), the
471 firms used here account for 54 % of the total assets of all firms listed on the
KOSPI and KOSDAQ exchanges and 29% of those of all Korean non-financial
firms. While the data may not be fully representative of Korean economy as a whole,
it seems most likely that the above estimates yield a reasonable characterization of the
aggregate effect of monetary policy on investment, operating through the interest rate
channel. This is in contrast with the often unsuccessful results of estimation using
aggregate data, and suggests the benefit of using firm-level micro data in future
studies.
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Appendix A

Derivation of the User Cost of Capital

Let K,, and L,, be a competitive firm i's stock of capital and amount of
labor employed at time t, respectively. Let Y (K, , L;,) be the output function of firm
i that is concave with respectto K, and L, (Y'(¢)>0,Y"(e)<0), and let |, be the
real gross investment of firm i at time t. Let 7, be the corporate
income tax rate. Assuming that p, denotes the output price of the industry which firm
i belongs to, P, represents the purchase price of the investment
asset, and 3, is firm i's investment tax relief (investment tax credits, TC, ,, and tax

depreciation allowances, TDA ) at time t yields firm i's net cash flow (NCA, )

equation (A-1). Firm i aims to maximize the discounted value of its net cash flow
over an infinite horizon, (A-2), subject to the typical capital stock accumulation
equation (A-3) in continuous time and the condition that K, is given:

NC’Aﬁ,t = (1_ Tt)[ptYY(Ki,tv Li,t) - @, Li,t] - ptl (1_ Si,t)li,t (A'l)
V, = Maxj.:t NCA, ;e "ds (A-2)
s.t. Ki,t =l =K (A-3)

where w: is the nominal wage rate, r is the constant rate of interest that discounts the
net cash flow at time s, and & is the constant rate of depreciation. To solve the firm's

maximization problem, we end up choosing L;; and l;; so as to maximize the
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current value Hamiltonian of equation (A-4). Differencing H, , with respect to I,

and setting the derivative equal to zero produces the first order necessary condition of
equation (A-5). Further, using the relation between the shadow price of capital, d;,,
defined as the discounted value of the stream of marginal net cash flow that is made
possible by an additional unit of installed capital at time t. and the current value
Hamiltonian, i.e., a(e*ftqivt)/at ——_e"H . /aKi,t (Arrow and Kurtz, 1971), and
rearranging the resulting equation in terms of d;, yields equation (A-6). Substituting
for d;, in equation (A-6) with the counterpart of equation (A-5) and imposing
Jorgenson's condition stating that the marginal product of capital (Y, ) is equal to the
user cost of capital (UCM), letting Gi equal p/(1- 3 and rearranging the
resulting equation in terms of UC, ,, we obtain equation (A-7), which is the same as

equation (1) in the text :

H;, =NCA, +q;,(K) (A-4)

=[(1_Tt)(ptYY(Ki,tv Li,t) — Li,t) - ptl (1_Si,t)|i,t] + qi,t(li,t _é]<i,t—1)

oH;, | -

al =0 = Q=P (1_‘5i,t) (A’S)
it

oe"H,, " . ¥
oK : 2—5[6 qi,t]/at = qi,tz(rt+5)qi,t _(1_Tt)(pt YK) (A‘G)

it
ptl (1_Si,t) ptl

uUc, =t~ i 5o -

=1y, (r, IOt.) (A-7)
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Appendix B

Useful Life of Assets

(year)
1988-1994 1995-1998 1999-2004

Buildings 26 30 30
Structures 26 30 30
Machinery Industry-specific Useful Life

Ships-Airplanes 7 10" 127
Vehicles 7 4 5
Tools 3 4 5
Office Equipment 6 4 5
Other Tangible Assets 6 4 5

Notes: 1) The useful life of ships-airplanes for the transport industry is 4 years.
2) The useful life of ships-airplanes for the transport industry is 5 years.
Source: Enforcement Regulations of the Corporate Income Tax Law, Korea Ministry of
Legislation

Appendix C

Corporate Income Tax Rate
(%)

1988-1990{1991-1993| 1994 1995 |1996-2001|2002-2004

Corporate Income Tax Rate 38.3 36.6 34.4 323 30.8 29.7

Notes: The corporate income tax rate here represents the maximum corporate income tax rate,
which is calculated as the corporate income tax rate x (1 + defense tax rate or special
tax for rural development rate + inhabitant tax rate). Notice that the defense tax was
abolished in 1991 and replaced by the special tax for rural development in 1995.

Source: "An Empirical Study on Alternative Measures of Marginal Tax Rates in Korea," Roh
et al. (2004).
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Appendix D

Figure 1. Investment/Capital Ratio and User Cost Growth Rate
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Figure 3. User Cost of Capital and Its Main Components
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Note: 1) The rates of increase of CPl compared with the corresponding period of the
previous year
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Appendix E

Table 1. Summary Statistics of Regression Variables in the High and Low
Inflation period

Variable Mean Within-firm S.D.” Firm-specific Time Variation”
Period HIPY LIp? HIP LIP HIP LIP
Lo /Ky 0.368 0.197 0.325 0.174 0.805 0.984
AUC, JUC, | 0.044 -0.009 0.382 0.316 0.754 0.756
AS;, /Siia 0.085 0.096 0.283 0.351 0.944 0.957
CF, /Ky 0.164 0.187 0.247 0.370 0.945 0.998

Notes: 1) The within-firm standard deviation is defined as the standard deviation of mean-
differenced time-series observation, (X;, —X;), in each variable for firm i at time t.
2) The firm-specific time variation is computed as 1 minus R? of the regression as
follows: (X;, —X;)=a, +&,, where ¢, is the coefficient on a time dummy and &,
an error term.
3) HIP & LIP denote the high and low inflation periods, respectively.
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Table 2. FE and FD Estimates of Investment Equation Over the Whole
. D
Period

Regression Equation:
Ii,t/Ki,t—l =a, (L)[Asi,t /Si,t—l] + B, (L)[AUCi,t /UCi,H] ty, (L)[CFi,t /Ki,t—l] +¢ + Eit

Estimation period: 1988-2004

Excluding Cash Flow Including Cash Flow
Fixed Effect First Difference Fixed Effect First Difference
AS;/Siia
a, 0.089 (10.22) 0.028 (3.38) 0.081 (9.32) 0.019 (2.31)
a, 0.077 (8.72) 0.026 (3.06) 0.057 (6.57) 0.014 (1.62)
a, 0.042 (4.74) - 0.019 (2.18) -
a, 0.025 (3.15) - 0.017 (2.13) -
SUM() 0.234 (11.97) 0.054 (3.72) 0.174 (9.01) 0.033 (2.27)
AUC,, /UC,
B -0.095 (-10.38) -0.079 (-7.72) -0.090 (-10.02) -0.080 (-7.87)
B -0.048 (-5.02) -0.025 (-2.08) -0.042 (-4.67) -0.025 (-2.11)
B -0.038 (-4.04) -0.023 (-2.02) -0.034 (-3.69) -0.026 (-2.28)
Bs -0.020 (-2.61) -0.007 (-0.92) -0.018 (-2.46) -0.008 (-0.97)
SUM(B) -0.201 (-9.13) -0.134 (-3.99) -0.183 (-8.55) -0.138 (-4.14)
CF“/KiH
Yo 0.045 (6.30) 0.074 (9.27)
v, 0.074 (9.72) 0.078 (8.92)
v, 0.061 (8.15) 0.039 (4.57)
SUM(y) 0.180 (17.97) 0.191 (9.93)

Note: 1) The FE and the FD regressions include a full set of year dummies to capture the
effect of macro influences on the individual firm's investment. T-values are in
parentheses.
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Table 3. FE and FD Estimates of Investment Equation Over the High Inflation

periodl)

Regression Equation:
Ii.t/Ki,t—l =a, (L)[Asi,t /Si.t—l] + B, (L)[AUCi,t /UCi.t—l] ty, (L)[CFi,t /Ki.t—l] +¢ + Eit

Estimation period: 1988-1998

Excluding Cash Flow

Including Cash Flow

Fixed Effect

First Difference

Fixed Effect

First Difference

AS“/SW1
a, 0.155 (8.66) 0.116 (5.98) 0.144 (7.97) 0.073 (3.63)
a 0.065 (3.33) 0.030 (1.46) 0.019 (1.00) -0.009 (-0.43)
SUM(a) 0.220 (8.43) 0.146 (4.41) 0.163 (6.14) 0.064 (1.86)
AUC;, /UCi,l—l
B -0.127 (-9.22) | -0.150 (-8.74) | -0.125 (-9.38) | -0.139 (-8.37)
B, -0.077 (-5.98) | -0.065 (-3.88) | -0.059 (-4.78) | -0.069 (-4.26)
B -0.063 (-4.87) | -0.048 (-2.98) | -0.058 (-4.68) | -0.071 (-4.93)
B -0.009 (-1.03) | -0.007 (-0.68) | -0.011 (-1.27) | -0.012 (-1.20)
SUM(B) -0.277 (-8.18) | -0.270 (-5.44) | -0.253 (-7.79) | -0.291 (-6.06)
CF, /K,
¥ 0.082 (5.53) 0.178 (9.98)
2 0.217 (9.64) 0.175 (7.12)
v, 0.074 (3.54) 0.028 (1.13)
SUM(y) 0.373 (15.22) 0.381 (9.29)

Note: 1) The FE and the FD regressions include a full set of year dummies. T-values are in

parenthese.
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Table 4. FE and FD Estimates of Investment Equation Over the Low Inflation
. D)
period

Regression Equation:
Im/Km4:”%(LHASm/SMA]+/ﬁ(LHAUCm/UCma]+V@(LHCFm/KM4]+¢i+5m

Estimation period: 1999-2004

Excluding Cash Flow Including Cash Flow
Fixed Effect First Difference Fixed Effect First Difference
AS;, /S
a, 0.036 (4.02) 0.015 (1.83) 0.031 (3.41) 0.011 (1.39)
a 0.041 (4.90) 0.027 (3.36) 0.031 (3.59) 0.021 (2.57)
SUM() 0.078 (5.74) 0.041 (2.99) 0.062 (4.50) 0.032 (2.28)
AUC,, JUC,,
Bo -0.019 (-1.92) -0.027 (-3.37) -0.019 (-1.95) -0.027 (-3.34)
SUM(B) -0.019 (-1.92) -0.027 (-3.37) -0.019 (-1.95) -0.027 (-3.34)
CF, /K4
Vo 0.025 (2.98) 0.038 (4.60)
v, 0.043 (5.73) 0.048 (5.55)
v, 0.031 (3.96) 0.026 (3.13)
SUM(y) 0.098 (7.14) 0.113 (5.61)

Note: 1) The FE and the FD regressions do not include a full set of year dummies,
considering that the firm-specific time variation of the gross investment-to-capital
ratio amounts to 98% in the low inflation period, compared to a much lower figure

of 80% in the high inflation period. T-values are in parentheses.
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Table 5. FEIV Estimates” of Investment Equation Over the High Inflation
. 2
period

Regression Equation:
Ii,t/Ki,t—l =a, (L)[Asi,t /Si,t—l] + B, (L)[AUCi,t /UCi,H] ty, (L)[CFi,t /Ki,t—l] +¢ + Eit

Estimation period: 1988-2004 (whole period),
1988-1998 (high inflation period)

Excluding Cash Flow Including Cash Flow
Fixed Period High Inf. Period | Whole Period | High Inf. Period
ASM/SLH
a, 0.082 (9.15) 0.150 (6.44) 0.073 (8.18) 0.112 (4.75)
o 0.074 (8.16) - 0.051 (5.68) -
a, 0.041 (4.52) - 0.031 (3.46) -
SUM(a) 0.197 (11.29) 0.150 (6.44) 0.155 (8.94) 0.112 (4.75)
AUCH/UCiH
Bo -0.089 (-8.45) -0.159 (-6.97) -0.088 (-8.56) -0.161 (-7.28)
By -0.045 (-4.13) -0.063 (-2.67) -0.042 (-4.01) -0.066 (-2.92)
B -0.032 (-3.34) -0.025 (-1.13) -0.031 (-3.26) -0.032 (-1.52)
SUM(B) -0.166 (-7.89) -0.247 (-4.73) -0.161 (-7.85) -0.259 (-5.14)
CF,/Kiis
Yo 0.046 (6.30) 0.095 (5.38)
2 0.084 (11.31) 0.209 (7.36)
SUM(y) 0.130 (14.31) 0.304 (9.90)

Notes: 1) For the whole period, the instruments are the values of aS, /S, and AUC,, /UC,,
lagged three through five years, when the cash flow/capital ratio is excluded. When
the cash flow/capital ratio is included, the instruments are those of AUC,, /UC,
lagged three through four years, AS, /S, lagged three through five years, and
CF,/K;., lagged two through five years. For the high inflation period, the
instruments are the values of AS, /S, lagged one through four years, and
AUC,,/UC,,, lagged three through six years, for the case when the cash flow/capital
ratio is excluded. When the cash flow/capital ratio is included, the instruments are
those of AS, /S, lagged only two year, AUC,/UC,, lagged three through five
years, and CF,/K;, lagged two through six years.

2) The FEIV regression includes a full set of year dummies. T-values are in parenthese.
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)

Whole Period
(1988-2004)

High Inf. Period
(1988-1998)

Low Inf. Period
(1999-2004)

uc;,
(A) &g,

0.631

0.712

0.514

RI‘[
B) &,

R, - —
=—5x(rc /Riy)
on,

0.405
(=0.490 X 0.826)

0.304
(=0.319X 0.952)

0.816
(=1.397 X 0.584)

© & " (=(A)x(B))

0.256

0.216

0.419

Note: 1) Each elasticity is determined by averaging the annual averages during the period
concerned for the total sample of 471 firms.

. 1
Table 7. Effect of a Policy Rate Change (Ar°) on the User Cost

Whole Period
(1988-2004)

High Inf. Period
(1988-1998)

Low Inf. Period
(1999-2004)

a1 AUC,
2 (W)Qﬁ—l =

i=1 it-1

oucC,, oR,,
o i c
71 9 A€ 1A7;
OR,, or,

i=l UCi,t—l

4.376 x Ar

3.154 x Ar/

10.247 x Arf

Note: 1) The marginal effect, 6UC,, /éR;, is determined by averaging the annual averages in
the period concerned for the total sample of 471 firms. The estimates of oR,, /or’
for the different periods are same as those used in Table 6. @i, is firm i's share
of the total sample capital stock (K, /K ).
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Table 8. Elasticity of the Capital Stock w.r.t. the Policy Rate”

Whole Period High Inf. Period Low Inf. Period
(1988-2004) (1988-1998) (1999-2004)
@) & 0.256 0.216 0.419
(B) glfc'vl'J =SUM (p) -0.161 -0.259 -0.027
(©) sr’;“ (=(A)x(B)) -0.041 -0.056 -0.011

Note: 1) Each elasticity is determined by averaging the annual averages during the period
concerned for the total sample of 471 firms.

Table 9. Effect of a Change in Policy Rate on the Investment/Capital Ratio

Whole Period High Inf. Period | Low Inf. Period
(1988-2004) (1988-1998) (1999-2004)
471 AUCit K
A Y o, =
i=1 UCi,t—l "
ouC,, oR,, N 4.376 x Ar 3.154 x Ar 10.247 x Ar
o R n
& OR, orf ] K
P UCU_I it-1
(B) SUM(B) -0.161 -0.259 -0.027
471 AK“ . . .
© > = (A)x(B) -0.705 x Ar, -0.817 x AT, -0.277 x Ar,

i=1 TNyt

Note: 1) Each marginal effect, afg“ /arf and 8UC,, /oR;, is determined by averaging the annual
averages in the period concerned for the total sample of 471 firms. f is firm i's

share of the total sample capital stock (K, /K,).
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