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1 Introduction

The relationship between leverage and corporate investment decisions is
one of the main research topics of many economists and financial scholars.
The agency theory of corporate investment shows that high leverage may
have a negative impact on corporate investment. First, Jensen (1986) ad-
dresses that the free cash flow hypothesis emphasizes that high leverage can
prevent excessive investment to pursue private benefits of management by
eliminating free cash flow within the firm. Thus, under the free cash flow
hypothesis, the increase in the leverage leads to a decrease in inefficient
corporate investment.

On the other hand, according to the underinvestment hypothesis, firms
with high debt can cause underinvestment phenomena that abandon efficient
investment due to interest conflicts between shareholders and debt holders.
In other words, following Myers (1977), firms with high leverage are reluctant
to invest efficiently because of the fear that cash flow from new investments
can only increase creditors’ wealth rather than shareholders. As a result,
excessively high leverage results in underinvestment problems that hinder
effective corporate investment. Thus, both hypotheses about leverage and
corporate investment predict that the impact of high leverage on corporate
investment will be negative.

In this paper, I use a threshold model to capture the difference in the
relationship between investment and leverage by firms’ financial constraints.
Using this model, investment and leverage relations can be estimated from
the thresholds of variables that mean financial constraints such as cash flow
and Tobin’s q. Fundamentally, investment decisions have an autocorrelation
because of their dynamic aspects. Therefore, it can be seen that the dynamic
panel model is suitable. I also use a methodology that uses first-difference
GMM to eliminate problems caused by unobserved individual heterogeneity.
In particular, I analyze Korean listed manufacturing companies, identified
the factors affecting the firms, and introduced new variables that show the
efficiency of investment.

Furthermore, I give an opinion on how to divide two or more sections
based on the threshold sequentially, discuss the issue and ways to approach
the problem. In addition, one of the suggestions is used to draw an empirical
result.

This paper consists of the following sections: Section 2 provides literature
review. Section 3 explains the model. Section 4 presents estimation proce-
dures for FD-GMM. Section 5 describes data which are used and explain the
variables in the models. Section 6 provides empirical applications using the
dynamic panel threshold model. Section 7 discusses the issues when dividing
regimes sequentially. Section 8 concludes.
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2 Literature Review

Modigliani and Miller (1958) asserts that there is no relationship be-
tween leverage and investment under the theorem . In other words, a com-
pany with an investment opportunity that is profitable can obtain funds for
investment regardless of its current financial status. The investment policy
of a corporation depends only on the factors such as future demand, corpo-
rate technology, and market interest rate, which are fundamental parameters
that determine profits. However, since then, theories and empirical studies
on capital structure have suggested that leverage and investment opportuni-
ties are highly relevant. From a theoretical point of view, if there is a market
imperfection due to transaction costs or asymmetric information, the financ-
ing affects a firm’s investment decisions in real. In the presence of an im-
perfect capital market, agency problems arise from the interaction between
shareholders, creditors and management, resulting in under-investment or
over-investment.

Myers (1977) finds that there is an underinvestment incentive in which
high debt use reduces the business with net present value of the amount.
This is because even if the firm has growth opportunities and the increased
cash flow from this investment does not pay the entire liability principal,
shareholders do not have the incentive to carry out their investments.

Jensen (1986) also predicts that there is a negative relationship between
leverage and investment, but emphasizes that this relationship can benefit
shareholders of low-growth companies by limiting management discretion. In
other words, it can be concluded that the use of high debt by firms inhibits
investors from investing in investment opportunities with low possibility of
profit, so that the use of debt ultimately leads to an increase in corporate
value.

Similar to the above studies, Lang et al.(1996) also suggest that there
is a negative relationship between leverage and growth. This negative rela-
tionship, however, is consistent with the view that leveraging only inhibits
over-investment in firms with poor growth opportunities by showing that
those firms have only low q with low profitable growth opportunities. Thus,
how leverage is reflected in investment decisions can vary depending on the
financial structure of a country and the nature of the firm.

In past Korean papers, Jo et al.(2004) analyze the effects of leverage
on corporate investment expenditure using the unbalanced panel data of
the continuously listed manufacturing companies from 1981 to 2002. For
this purpose, they use the Dynamic System GMM method to construct and
estimate a dynamic model of investment. The result of this paper shows
that the effect of leverage on investment is significantly negative during the
analysis period, especially for firms with low growth opportunities.

Kwon et al.(2012) analyze the effect of leverage on business investment
considering credit risk. As a result, firms with high leverage tended to de-
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crease corporate investment, but those with high credit ratings showed a
significant decrease in leverage and inverse relations with corporate invest-
ments. In addition, relation between growth opportunity and leverage shows
that the negative relation between leverage and corporate investment is
stronger in firms with high growth opportunities.

In the study of Noh et al.(2014), they examine the Korean investment
contraction from the foreign exchange crisis in the changes in corporate
investment behavior. Based on the data of domestic listed manufacturing
companies, they set the investment function that affects the future invest-
ment and the corporate internal funds market.

If the relation of the variables is affected by the characteristics of in-
dividual firms that are unobservable, then any analytical methods are not
be able to fully identify the impact of leverage on firm growth. Moreover,
if debt acts as a proxy for growth opportunities, it means that there is a
possibility that the relationship between debt and investment may represent
a bi-directional causal relationship that influences each other. In particular,
variable composition, model design, or company characteristics can produce
different results. The most important difference making different results is
probably the difference in estimation method.

If the dynamic panel data is estimated by the least squares method, the
bias of estimates may arise. In addition, the use of balanced panel data can
lead to high information loss. In the panel analysis, most of the explanatory
variables in the model are determined either simultaneously with the depen-
dent variable or have a relationship with the dependent variable. There is a
possibility to derive an incorrect result if the heterogeneity among firms and
the endogeneity problem between variables are not considered. Therefore, in
order to control the endogeneity problem of these explanatory variables and
to obtain the consistent estimator, an estimation method using instrument
variables should be used.

In addition, existing studies do not explicitly consider current invest-
ment even though it is influenced by past investment, and there is a limit to
loss of information by analyzing balance panel for many years. This paper
analyzes the dynamic effects of investment with the dynamic panel model
and eliminate the model specification error and try to supplement the ex-
isting research that assumes that explanatory variables are exogenous by
taking into account the endogeneity problem of the explanatory variables.
In other words, this paper uses the first-difference Generalized Method of
Moments(FD-GMM) method that can be estimated by explicitly consider-
ing the problem of controlling the non-observable heterogeneity of each firm
including the lagged dependent variable in the model and the endogeneity
problem of the variables. Furthermore, a threshold model was introduced to
examine whether the differences in financial constraints between firms affect
the relationship between investment and leverage. The main methodologi-
cal problem faced by investment studies in the past is that the distinction
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between financially constrained and unconstrained firms is usually based on
an arbitrary thresholds. Plus, companies are not allowed to move between
different groups. To overcome this problem, a threshold model is applied to
the dynamic panel data.

GMM can also be made for panel models with endogenous explanatory
variables. GMM estimation in panel data is mainly used in dynamic panel
models. The dynamic panel models are a case where the lagged variable of
the dependent variable is included in the explanatory variable. In general,
if there is an endogeneity in the explanatory variable, the estimation of the
panel model is possible with panel 2SLS. However, in the dynamic panel
model, only the estimation method using the tool parameters after the first
difference can be selected. This is because if the larger lagged variable is used
as an instrument variable for the endogenous explanatory variable, it will
be correlated with the error term. Therefore, 2SLS, which uses past values
of dependent variables as instrument variables, may not be appropriate.

The unobserved individual heterogeneity can be excluded from the model
through differencing, but instrument variable methods are still needed when
correlations exist between endogenous explanatory variables and error terms.
Arellano and Bond (1991) derive past values of endogenous dependent vari-
ables as instrument variables for GMM estimation. In order to be a suitable
instrument variable, first, it has to be correlated with the endogenous ex-
planatory variables, and second, it should not be correlated with the error
term. Arellano and Bover(1995) and Blundell and Bond(1998) propose sys-
tem GMM estimation using moment conditions. In the differential equation,
an additional moment condition is imposed between the instrument variable
and the error term. Finally, in the system GMM, additional instrument vari-
able is added to the original differenced GMM. The system GMM estimator
is obtained by minimizing the objective equation of the equation of the
equation of the level equations and the moment condition of the differential
equations.

In threshold regression literature, Hansen (1999) proposes threshold re-
gression methods are developed for non-dynamic panels with individual het-
erogeneity. He suggests least squares estimation of the threshold by using
fixed-effects transformations. Afterwards, Seo and Shin (2015) extend previ-
ous approaches to dynamic panel data model with endogeneity of threshold
variable and regressors by developing first-differenced GMM. It causes great
improvement in dynamic threshold regression models.
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3 Model

In the context of panel data, we usually deal with unobserved hetero-
geneity by applying the within (demeaning) transformation, as in one-way
fixed effects models, or by taking first differences if the second dimension of
the panel is a proper time series.

The ability of first differencing to remove unobserved heterogeneity also
underlies the family of estimators that have been developed for dynamic
panel data (DPD) models. These models contain one or more lagged depen-
dent variables, allowing for the modeling of a partial adjustment mechanism.

Consider a dynamic panel model containing a lagged dependent variable
and a single regressor X :

yit = β1 + ρyi,t−1 +Xitβ2 + ui + εit

The estimation of these type of dynamic panel data model has been ad-
dressed by Arellano and Bond (1991), Arellano and Bover (1995), Blundell
and Bond (1998).

Following Seo et al.(2015), they extend Hansen(1999)’s the static panel
threshold models, and develop Arellano and Bond(1991) FD-GMM estima-
tor for dynamic panel threshold models.

In this paper, I utilize the dynamic panel threshold models by Seo et
al.(2015) and apply this model for investment model.

Consider a dynamic panel threshold regression model :

yit = (1, x
′
it)φ11{qit ≤ γ}+(1, x

′
it)φ21{qit > γ}+εit, i = 1, . . . , n; t = 1, . . . , T

(1)
where yit is a dependent variable of interest, xit is the k1 × 1 vector of
time-varying regressors that include the lagged dependent variable yit,1·
is indicator function, and qit is the threshold variable. γ is the threshold
parameter, and φ1, φ2 are the slope parameters in different regimes. The
error,εit follow a one-way error component model :

εit = αi + vit (2)

where αi is an unobserved individual fixed effect and vit is zero mean
idiosyncratic random disturbance. In particular, vit is assumed to be a mar-
tingale difference sequence,where Ft is a natural filtration at time t.

E(vit|Ft−1) = 0

It assumes that E(vitxit) 6= 0 or E(vitqit) 6= 0, thus meaning that regres-
sors xit and the threshold variable git are allowed to be endogeneous.
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4 Estimation

To handle the correlation of individual heterogeneity and regressors in
(1) and (2), like Arellano and Bond(1991), first-difference transformation of
(1) is used as follows

4yit = β
′ 4 xit + δ

′
X

′
it1it(γ) +4εit (3)

where 4 is the first difference operator, β = (φ12, . . . , φ1,k1+1)
′
, δ = φ2−φ1,

and

Xit =

(
(1, x

′
it)

(1, x
′
it−1)

)
and 1it(γ) =

(
1{qit > γ}
−1{qit−1 > γ}

)
.

The transformed regressors give rise to the biased OLS estimator due to
the correlation with 4εit.

Thus we need l × 1 vector of instrumental variables (z
′
it0
, . . . , z

′
iT )

′
for

2 < t0 ≤ T with l ≥ k such that

E(z
′
it0 4 εit0 , . . . , z

′
iT 4 εiT )

′
= 0 (4)

or
E(4εit|zit) = 0, for each t = t0, . . . , T. (5)

If the conditional moment restriction (5) holds, it is possible to use FD-GMM
method. Following Seo et al.(2015), threshold variable qit to be endogenous
i.e. E(qit 4 εit) 6= 0 such that qit is not included in the set of instrumental
variables, {zit}Tt=t0

Consider the following l- dimensional column vector of the sample mo-
ment conditions :

ḡn(θ) =
1

n

n∑
i=1

gi(θ),

where

gi(θ) =

zit0(4yit0 − β
′ 4 xit0 − δ

′
X

′
it0
1it0(γ))

...

ziT (4yiT − β
′ 4 xiT − δ

′
X

′
iT1iT (γ))

 (6)

For a positive definite matrix, WN , such that Wn →p Ω−1, let

¯Jn(θ) = ḡn(θ)
′
Wnḡn(θ) (7)

GMM estimator of θ is obtained by

θ̂ = argminθ∈ΘJ̄n(θ) (8)
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The objective function J̄n(θ) is not continuous in γ with θ with θ =
(φ

′
, γ)

′
because our model is linear in φ for each γ ∈ Γ. In this case, the gird

search algorithm is used : for fixed γ, let

ḡ1n =
1

n

n∑
i=1

g1i, and ḡ2n =
1

n

n∑
i=1

g2i

where

g1i =

zit0 4 yit0
...

ziT 4 yiT

 , g2i(γ) =

zit0(4xit0 ,1it0(γ))
′
Xit0

...

ziT (4xiT ,1iT (γ))
′
XiT


After that, for a given γ, the GMM estimator of β and δ is given by

(β̂(γ)
′
, δ̂(γ)

′
)
′

= (ḡ2n(γ)
′
Wnḡ2n(γ)

′
)−1ḡ2n(γ)Wnḡ1n

Letting Ĵn(γ) the objective function evaluated at β̂(γ) and δ̂(γ), GMM
estimator of θ is obtained by

γ̂ = argminγ∈ΓĴn(γ), and (β̂(γ)
′
, δ̂(γ)

′
)
′
.

In this paper, two-step GMM estimator is used and obtained as follows:

1. Estimate the model by minimizing J̄n(θ) with Wn = Il or

and collect residuals 4̂εit

2. Estimate θ by minimizing J̄n(θ) with

Wn = (
1

n

n∑
i=1

ĝiĝ
′
i −

1

n2

n∑
i=1

ĝi

n∑
i=1

ĝ
′
i)
−1,

where ĝi = (4̂εit0z
′
it0
, . . . , 4̂εiT z

′
iT ).
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5 Data and description of variables

In order to estimate the effect of leverage on investment decisions, the
company’s financial database should be used. The empirical analysis data is
the financial data of TS 2000 and the listed manufacturing companies are
selected as the analysis target. Specifically, the subject is the balanced panel
of 281 Korean firms which survive since 2001 until 2015 listed on KOSPI
in manufacturing industry. How I obtain 281 company data is as follows.
Looking at the data obtained from TS2000 (http://www.kocoinfo.com/) for
the first time, the number of manufacturing companies listed on the KOSPI
market is 689, of which 303 companies continued to operate from 2001 to
2015. Among them, 19 companies which have any missing data are removed.
Additionally, three companies which have outliers which are either more
than 8 or less than -8. Perhaps, there is a possibility that selection bias
problem may occur in the process of removing outliers. However, I remove
the outliers, which are very different from most data values, because they
can reduce the overall distortion in the analysis results.

Investment is defined as the increase amount in tangible assets and tan-
gible assets consist of increase in land, increase in buildings and auxiliary
installations, increase in machinery, increase in tools/furniture/fixtures, in-
crease in vehicles, increase in assets under construction.

CF represents CFO(cash flows from operating). Cash flows from operat-
ing refers to cash generated by an entity’s operating activities. It is calculated
by adjusting the net income item in the income statement and can be found
at the top of the cash flow statement. It is often abbreviated as CFO.

Tobin Q is defined as the value of an enterprise evaluated in the stock
market divided by the purchase price of the companies’ total physical capital.
Tobin Q is calculated by adding total liabilities and market capitalization
and dividing total assets.

Generally, leverage refers to the use of leverage in equity to increase the
return on ownership when an entity wants to raise its capital. To put it
simply, leverage is an investment technique that owes money to earn big
returns with little money. In this paper, however, leverage refers to the ratio
of borrowing money to maximize profit. So leverage is the value of liabilities
divided by total assets.

Among the financial ratios of accounting books, there are indicators of
growth, profitability, stability, and productivity. Among them, I would like
to consider the investment efficiency as new variables among the indicators
of the productivity of enterprises.

Ae stands for the ratio of value added to total capital.It is used as a
measure to measure the productivity of capital, which is the ratio of the
amount of capital invested in the enterprise to the amount of value added
during the year. If the total capital investment efficiency is high, the total
capital is efficiently managed.
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Table 1: Summary statistics for variables

VARIABLES Mean s.d min max median

Investment .0446 .0546 0 .6794 .0271

Tobin Q .9904 .5459 .1814 8.2491 .8545

CF .0540 .0798 -.5940 .5916 .0515

Leverage .4358 .2168 .0449 3.6750 .4252

ae .1379 .1146 -1.2411 1.4237 .1291

ke .5219 .6350 -7.2833 7.9087 .3917

* The number of observations is 4215
* The number of firms is 281

Ke represents the ratio of value added to facilities.It is used as a supple-
mentary indicator of the total capital investment efficiency as an indicator
of the branch in which the facility assets actually used in the enterprise
produce some value added.

Since the size and unit of variables are different for each company, I
normalize the variables by the lagged book value of total assets.

Following figures represent at trends of each variable by year. First figure
showed an increasing trend from 2001 to 2008 and from 2009. After that, it
has once reached the peak once in 2010, and then it shows a steady decline.
Between 2001 and 2004,the value of Tobin Q had less than 1. Then, from
2005 to 2007, the value had more than 1 but it dropped significantly in
2008. Thereafter, it shows an increasing tendency by repeatedly increasing
and decreasing continuously. Third figure showed a decreasing trend from
2001 to 2008, and the value of cash flow had a minimum value in 2008.
Then, it continued to increase and decrease around 0.5. In fourth figure,
it continued to decline from its peak in 2001 to 2008, but it remained at
a similar level since it increased sharply in 2008. When looking at ratio
of value added to total capital, from 2002 to 2008, it declined sharply in
2008, and then it increased until 2010. Again, in 2011 it reduced largely and
it maintained a similar level around 0.1. In last figure, it showed a large
decline from 2002 to 2005, but after it represented a slight increase until
2007. However, it declined again in 2008 and then it remained at a similar
level since it dropped sharply in 2011.
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(a) Inv : Investment

(b) Q : Tobin Q

(c) Lev : Leverage

Figure 1: Figures of variables(Inv, Q, Lev)
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(a) CF : Cash Flow

(b) ae : Ratio of value added to total asset

(c) ke : Ratio of value added to facilities

Figure 2: Figures of variables(CF, AE, KE)
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6 Empirical Application

In this section, 281 balanced manufacturing panel data are used during
the period of 2001 to 2015 and analyzed by FD-GMM estimation method
in dynamic panel threshold model. To see the differences between statistical
results from OLS, system GMM, and two-step GMM, we derived estimates
derived from each estimation method.

6.1 Investment Model

The Tobin’s Q model is used as the most commonly used investment
model. So the baseline model specification for empirical analysis is from
Fazzari et al.(1988) :

Ii,t = β1CFi,t + β2Qi,t−1 + αi + vit

where Ii,t is investment, CFi,t cash flows, Qi,t Tobin’s Q.

After that, in Lang et al.(1996), extended version of this Tobin’s Q model
includes additionally variables such as leverage to capture the effect of cap-
ital structure effect on investment.

Ii,t = β1CFi,t + β2Qi,t−1 + β3Li,t−1 + vit

In addition, the following specification is available if efficiency variables,
which are AE and KE, are included in the previous model.

Ii,t = β1CFi,t + β2Qi,t−1 + β3Li,t−1 + β4AEi,t−1 + β5KEi,t−1 + vit

Moreover, Aivazian et al. (2005) include the lagged investment in the
model to control for the accelerator effect of investment where past invest-
ments have a positive effect on future investments.

Ii,t = β1Ii,t−1 + β2CFi,t + β3Qi,t−1 + β4Li,t−1 + vit

Therefore, by extending the above models, I consider the following dy-
namic panel threshold model :

Iit = (β1Ii,t−1 + β11CFi,t + β21Qi,t + β31Li,t)1{qi,t ≤ γ}+ (9)

(β2Ii,t−1 + β12CFi,t + β22Qi,t + β32Li,t)1{qi,t > γ}+ αi + vi,t

6.2 Empirical results

Now, I estimate the coefficients in a model without a threshold and
estimate the coefficients in a model with a threshold. First, I estimate the
model without threshold by three methodologies and examine the relation
of each variable using the whole time period.
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The following tables 2 and 3 report the regression results for the in-
vestment equation using the three different methodologies: Pooled Ordi-
nary Least Squares, two-step GMM, and system GMM. Moreover, the tables
present an statistical results investigating an investment to another factors,
which are the ratio of value added to total capital and the ratio of value
added to facilities, as well as leverage.

Table 2 shows that the coefficient of lagged investment is large. This is
the result of acceleration effect of investment. Also, the coefficient of leverage
generally indicates negative. Thus, even in the absence of a threshold, it can
be seen that the leverage and investment have a negative relationship and
that it has a positive relationship with the rest of the variables. This is
consistent with expectations.

In table 3, it shows the results of adding the total capital investment
efficiency and capital investment efficiency variables in the model used in
Table 2. The coefficients of AE are generally positive. This is in line with
expectations. This is because AE is a rate that indicates how much capital is
invested in a company during the year. However, the coefficient of KE shows
a different result than expected. The meaning of KE is an indicator of how
much added value the facility assets actually used in the enterprise produce.
It may have a positive value, but it has a much smaller negative value than
expected. The reason for this result may be that the relationship between
investment and capital investment efficiency variables is not statistically
significant, or that the proportion of assets under construction in the range
of investment is large. This is because KE is an indicator of how much added
value is generated by the facility assets minus the assets under construction
from the tangible assets.

Table 4 summarizes the estimation results for the dynamic panel thresh-
old model, (9), with cash flow, leverage and Tobin Q used as the transition
variable, which are expected to proxy the financial constraints. The idea of
choice for the threshold variable is from González et al.(2005) who use lever-
age and Tobin’s Q and Hansen (1999) who considers leverage. The results
are reported respectively in the lower and the upper regimes.

When cash flow is used as the threshold variable, the result for (9) shows
that the threshold estimate is 0.0699 such that about 38.08 % of observations
fall into upper regime which is the higher cash-constrained regime. The
coefficient on lagged investment is insignificantly larger for companies with
low cash flows. The coefficient on Tobin’s Q is inconsistent with an expected
finding that companies respond to growth opportunities more quickly when
they are cash-unconstrained than when they are constrained.

Next, when the leverage is used as the threshold variable, it is clearly
demonstrated that the more negative impacts of the leverage when firms are
cash-constrained. This is consistent with our expectations that the leverage
should have a negative impact on investment and stronger impact for the
financially constrained firms, which is in line with the over-investment hy-
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Table 2: Data 2001-2015

(1) (2) (3) (4) (5)
VARIABLES Pooled OLS Pooled OLS 2step GMM System GMM System GMM

invt−1 0.536*** 0.550*** 0.391*** 0.387*** 0.404***
(0.0134) (0.0130) (0.0353) (0.0409) (0.0400)

Tobin Q 0.00594*** 0.00854*** 0.00585* 0.0109** 0.0148***
(0.000817) (0.000751) (0.00343) (0.00444) (0.00469)

CF 0.0603*** 0.0637*** 0.0681*** 0.0871*** 0.0917***
(0.00580) (0.00559) (0.0238) (0.0318) (0.0321)

Leverage -0.00192 0.00407*** -0.0859*** -0.0838*** -0.0554***
(0.00179) (0.00153) (0.0326) (0.0281) (0.0175)

Constant 0.00657*** 0.0476***
(0.00110) (0.0127)

Observations 3,934 3,934 3,653 3,934 3,934
Number of com 281 281 281 281 281

Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1

Table 3: Extension(Adding aet ,ket ) Using Data 2001-2015

(1) (2) (3) (4) (5)
VARIABLES Pooled OLS Pooled OLS 2step GMM System GMM System GMM

invt−1 0.521*** 0.535*** 0.377*** 0.383*** 0.401***
(0.0135) (0.0131) (0.0355) (0.0413) (0.0403)

Tobin Q 0.00624*** 0.00854*** 0.00573* 0.0108** 0.0149***
(0.000836) (0.000791) (0.00337) (0.00448) (0.00473)

CF 0.0496*** 0.0494*** 0.0595** 0.0798** 0.0855***
(0.00591) (0.00583) (0.0250) (0.0327) (0.0329)

Leverage -0.00380** 0.00168 -0.113*** -0.0948*** -0.0648***
(0.00179) (0.00151) (0.0430) (0.0332) (0.0196)

aet 0.0332*** 0.0367*** 0.0543** 0.0414** 0.0380**
(0.00448) (0.00451) (0.0238) (0.0197) (0.0169)

ket -0.00549*** -0.00476*** -0.00476** -0.00256 -0.00250
(0.000692) (0.000630) (0.00189) (0.00232) (0.00231)

Constant 0.00672*** 0.0488***
(0.00113) (0.0140)

Observations 3,934 3,934 3,653 3,934 3,934
Number of com 281 281 281 281 281

Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1
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pothesis about the leverage as a controlling device that hinders firms from
over-investment in negative net present value projects. Plus, the sensitivity
of investment to cash flow is significantly higher for financially constrained
firms, which are high leverage, than for low leveraged firms. I find that the
acceleration effect of past investment happens for lower lever-firm strongly,
indicating that firms with low leverage try to correspond to growth oppor-
tunities quickly.

By using Tobin’s Q as the threshold variable, the threshold is estimated
at 0.5119 with 26.89 % of observations falling into the upper regime which is
the higher growth chance regime. The result also says that past investment
has a slightly higher positive impact on current investment for firms with
low Tobin’s Q. The coefficient on Tobin’s Q in the low regime is significantly
higher, indicating that companies with low growth chances respond more
strongly to changes in its investment opportunities. There is still a negative
relationship between leverage and investment. Interestingly, Tobin Q has the
opposite sign of Tobin Q’s coefficient between upper and lower regimes. By
analyzing this, companies with large growth opportunities tend to invest in
the opposite direction rather than seeing their growth potential. Conversely,
low-growth opportunities can be interpreted as allowing firms to increase
their investment more quickly when given investment opportunities.

In order to test for the null of no threshold effects, the J-test results are
reported. It also tests the validity of the over-identifying moment conditions.
When testing all the cases with cash flow, leverage, and Tobin’s Q used as
the threshold variable, it is not rejected at the 1% significance level.

Furthermore, a linearity test was also performed to verify that the lin-
earity characteristics are strong when constructing the model through the
given data. The smaller the p value is, the more likely it is that the model
constructed with the data has a strong non-linear characteristic. The results
show that all cases have non-linearity.

Table 5 shows the empirical result from the extended model of dynamic
panel threshold model (9), adding lagged variables of ae and ke. Similar to
the interpretation of the above results, it can be seen that the coefficients
of upper regime and lower regime change depending on which threshold
variable is used. What is also noticeable in Table 5 is the coefficient of
leverage. Although all the coefficients are not statistically significant, most
of them are negative.

When using cash flow as the threshold variable, the result shows that the
threshold estimate is 0.0767 such that about 34.54 % of observations fall into
upper regime which is the higher cash-constrained regime. The coefficient on
lagged investment is significantly larger for companies with low cash flows.

Next, when the leverage is used as the threshold variable, it is clearly
demonstrated that the more negative impacts of the leverage exist when
firms are cash-constrained. This is consistent with our expectations that
the leverage should have a negative impact on investment and stronger im-
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Table 4: Threshold model, 2001-2015

(1) (2) (3)
xit / qit Cash Flow Leverage Tobin Q

Lower Regime
Invt−1 0.0395 0.3259** 0.5021**

(0.1068) (0.1805) (0.2217)
Tobin Q 0.0154 -0.0540 0.0829**

(0.0174) (0.0177) (0.0455)
CF -0.3842* 0.2198** -0.2660**

(0.2355) (0.1067) (0.1821)
Leverage -0.1641** -0.0301 -0.0393

(0.0830) (0.2528) (0.1010)

Upper Regime
Invt−1 0.0638 0.2342 0.2689***

(0.1372) (0.2592) (0.1010)
Tobin Q -0.0598** -0.3891* -0.0063

(0.0279) (0.2229) (0.0128)
CF 0.7679*** 0.3247*** 0.2963***

(0.1594) (0.1208) (0.1144)
Leverage -0.0920* -0.1404*** -0.0831***

(0.0737) (0.0038) (0.0222)

Threshold 0.0699** 0.5119*** 0.9432***
(0.0419) (0.0515) (0.1615)

Upper Regime(%) 38.08 34.31 39.17

Linearity(p-value) 0.0000 0.0020 0.0000

J-test 34.3873 30.9983 45.6093
(p-value) (0.1551) (0.5671) (0.0881)

No. of IVs 36 43 43

Standard errors in parentheses
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pact for the financially constrained firms, which is consistent with the over-
investment hypothesis. In addition, the sensitivity of investment to cash flow
is significantly lower for financially constrained firms, which are high lever-
age, than for low leveraged firms. It is easy to find the acceleration effect of
past investment for lower lever-firm strongly, indicating that firms with low
leverage try to correspond to growth opportunities quickly.

By using Tobin’s Q as the threshold variable, the threshold is estimated
at 1.0190 with 32.24 % of observations falling into the upper regime which is
the higher growth chance regime. The result also says that past investment
has a bigger positive impact on current investment for firms with low Tobin’s
Q. The coefficient on Tobin’s Q in the low regime is significantly higher,
indicating that companies with low growth chances respond more strongly to
changes in its investment opportunities. There is still a negative relationship
between leverage and investment.

The biggest feature of this table, unlike the previous table statistics, is
that lagged ae and lagged ke are used as threshold variables. In other words,
investment efficiency is used as a threshold variable. Upper and lower regime
can be interpreted as small firms with high investment efficiency. However,
many of the coefficients are not statistically significant and are difficult to
interpret. Still, some interpretations suggest that larger firms are more likely
to react to cash flows than firms with lower total capital investment efficiency
which have smaller ae. If I analyze the capital investment efficiency ke as a
threshold variable, I can confirm that the leverage coefficient has a larger
negative value in a company with high efficiency. In addition, it is plausible
that investment acceleration is still present. The estimated ke threshold
value is 0.3319. And based on this threshold, the percentage of firms in the
upper regime is 59.72%.

In this table, the linearity test values are still reported. In all cases, the
characteristics of the non-linear model can be seen. In addition, I check the
over-identifying moment conditions through the J-test and conclude that all
cases are valid.

Table 6 and 7 report additional empirical results. By making 2 time
periods, which are 2001 -2007 and 2008-2015, I try to check speciality for
different time regimes. The reason why I choose 2008 is to want to cap-
ture the specificity of each period based on the 2008 financial crisis. Unlike
the expectation that large changes would be observed, the specific things
between the two periods are difficult to observe through this data. Never-
theless, the effect of leverage on investment is still negatively related to the
results of various methods. It can be seen that there is a phenomenon of
investment acceleration through the fact that the coefficient of electricity
investment has a large positive value in all the columns. In addition, to our
expectation, Tobin’s Q and ae coefficients all have positive values. It can
be confirmed that the result is not significantly different from the result
obtained by using the entire data in 2001-2015.
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Table 5: Threshold Model Extension (Adding aet−1 ,ket−1 ) 2001-2015

(1) (2) (3) (4) (5)
xit / qit Cash Flow Leverage Tobin Q aet−1 ket−1

Lower Regime
invt−1 0.2594*** 0.5103*** 0.6159*** 0.5755* 0.0495

(0.0924) (0.0686) (0.1892) (0.3559) (0.0821)

Tobin Q 0.0175 0.1092 0.0355 0.0131 0.0049
(0.0169) (0.1468) (0.0478) (0.0126) (0.0179)

CF 0.0705 0.3628** -0.0451 -0.2256* -0.1642
(0.2901) (0.2017) (0.1222) (0.1243) (0.1550)

Leverage -0.0518 -0.0440** -0.0469** -0.1313 -0.0763*
(0.0630) (0.0216) (0.0291) (0.1415) (0.0493)

aet−1 -0.0347 -0.0168 0.0123 -0.1004 0.1800**
(0.0754) (0.1584) (0.0833) (0.1825) (0.0928)

ket−1 0.0487** 0.0287 0.0174 0.0007 -0.0937
(0.0288) (0.1624) (0.0262) (0.0496) (0.0600)

Upper Regime
invt−1 0.0719 -0.0192 -0.2615 0.1205 0.2628**

(0.1263) (0.1446) (0.2339) (0.2094) (0.1458)

Tobin Q -0.0248 0.0705** -0.0083 -0.0366 0.0055
(0.0282) (0.0384) (0.0244) (0.0478) (0.0117)

CF 0.7620*** -0.0639 0.1756 0.4649* 0.2051**
(0.2371) (0.1476) (0.1834) (0.3258) (0.0995)

Leverage -0.2378*** -0.1891* -0.0903** 0.0735 -0.1258***
(0.0712) (0.1030) (0.0483) (0.1090) (0.0400)

aet−1 0.0224 -0.3211** 0.2406* -0.4850** 0.0467
(0.2095) (0.1573) (0.1499) (0.2492) (0.0510)

ket−1 0.0545 0.1108** -0.0066 0.0538 0.0027
(0.0580) (0.0626) (0.0363) (0.0426) (0.0161)

Threshold 0.0767*** 0.5103*** 1.0190*** 0.1590*** 0.3319*
(0.0272) (0.0686) (0.1628) (0.0330) (0.2153)

Upper Regime(%) 34.54 34.50 32.24 39.07 59.72

Linearity(p-value) 0.0000 0.0900 0.0000 0.0350 0.0000

J-test 15.1991 18.8607 23.8412 19.4273 37.9574
(p-value) (0.8874) (0.7093) (0.4126) (0.4942) (0.2937)

No. of IVs 36 36 36 33 47

Standard errors in parentheses
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Table 6: Using Data 2001-2007

(1) (2) (3) (4) (5)
VARIABLES Pooled OLS Pooled OLS 2step GMM System GMM System GMM

invt−1 0.551*** 0.553*** 0.255*** 0.338*** 0.371***
(0.0200) (0.0193) (0.0939) (0.0882) (0.0840)

Tobin Q 0.00918*** 0.0118*** 0.0160** 0.0168* 0.0194**
(0.00135) (0.00121) (0.00756) (0.00934) (0.00976)

CF 0.0670*** 0.0682*** 0.102*** 0.103** 0.115**
(0.00757) (0.00726) (0.0342) (0.0499) (0.0511)

Leverage -0.00355 0.000137 -0.0523* -0.0642** -0.0552***
(0.00235) (0.00207) (0.0307) (0.0270) (0.0210)

Constant 0.00484*** 0.0375***
(0.00141) (0.0130)

Observations 1,686 1,686 1,405 1,686 1,686
Number of com 281 281 281 281 281

Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1

Table 7: Using Data 2008-2015

(1) (2) (3) (4) (5)
VARIABLES Pooled OLS Pooled OLS 2step GMM System GMM System GMM

invt−1 0.527*** 0.539*** 0.454*** 0.376*** 0.391***
(0.0168) (0.0166) (0.0445) (0.0447) (0.0469)

Tobin Q 0.00459*** 0.00675*** 0.00544 0.0107** 0.0154***
(0.000848) (0.000824) (0.00464) (0.00477) (0.00510)

CF 0.0598*** 0.0652*** 0.0867*** 0.129*** 0.130***
(0.00752) (0.00733) (0.0336) (0.0370) (0.0369)

Leverage -0.00492** 0.00362** -0.121*** -0.126*** -0.0511**
(0.00235) (0.00180) (0.0383) (0.0359) (0.0235)

Constant 0.00748*** 0.0604***
(0.00140) (0.0155)

Observations 1,967 1,967 1,686 1,967 1,967
Number of com 281 281 281 281 281

Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1
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7 Discussion

The discussion so far has been divided into two regimes based on the
threshold. However, there is a possibility that it can be divided into three
regions and four regions as well as two ones. There are two ways of dividing,
dividing simultaneously or sequentially. In this paper, I try to divide into
three regimes in a sequential manner. I look at the issue of dividing into three
regimes and discuss the possible ways of overcoming them and other possible
methods below. And I have derived and interpreted the data through the
way which were discussed.

7.1 Issues

When it comes to sequential division procedure, it needs a standard for
determining whether to divide upper regime or lower regime when dividing
three regimes. When dividing into two regimes, it is necessary to determine
which regime to divide by comparing the statistical difference between the
two regimes. Simply dividing the regime into larger regimes can lead to
statistically insignificant results.

After the two regimes are divided based on the threshold, dependent
variables and regressors that do not belong to the two regimes are gener-
ated and the place becomes empty. Because of this empty space, the panel
data becomes unbalanced panel data.Considering the characteristics of an
unbalanced panel, the time length of each individual panel may not be the
whole t. Also, there may be cases where all individuals do not exist at a
specific time t. That is, in the original dynamic panel threshold model, an
unbalancing issue occurs in which the time length of each individual and the
number of individuals at each time point do not become the whole.

7.2 Suggestions

The results of the study on the above issues will be referred to from the
following. First, we present a criterion for choosing which regime to divide
into two regimes. Second, I would like to talk about my alternative to the
unbalancing problem in the regime divided by the threshold.

First of all, my suggestion about the criterion for dividing by two regimes
is to compare the p values of the linearity test for the two regimes and select
the smallest p value. It means that the linearity property of the model is
small. It is reasonable to divide that regime again since it is more suitable
for threshold model in that regime.

Secondly, when dividing into three regimes in a sequential manner, there
is an issue for dealing with unbalancing case in the threshold models. When
zeros are inserted in the missing slots to make the unbalanced panel bal-
anced, problem arises in the case of instrumental variable and weighting
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matrix generation. That is, many zeros are allowed to place in the IV since
IV are consist of lagged variables of the dependent variable and the regres-
sors. Thus, IV with many zeros causes a singularity problem when generating
a weighting matrix. In order to escape from this singularity problem, there
is an alternative way to use original instrumental variables not new IV from
first division.

Likewise, cutting missing data is an alternative to the above method. Ex-
tracting a balanced panel out of an unbalanced panel leads to an enormous
loss in efficiency. The cutting choice depends on frequency and the reasons
for missing data. The panel data set is almost complete, that is, missing
observations are infrequent, or, at least just a several items of each obser-
vation is lost. It can be justified that the the data are randomly missing,
then converting an unbalanced into a balanced panel is not costly. If missing
data are frequent, the efficiency loss might be considerable. If missing data
are nonrandom, then converting into a panel may result in biased sample.
The reasons for missing data is important. If missing data systematically
happens, then the exogeneity assumption does not hold. You can address
this problem by modelling the sample selection mechanism as well as the
objective of your interest.

In addition, another way to handle the unbalanced panel data is to re-
place missing values by neighboring non-missing values. That is, the average
value of two neighbors of empty value is assigned to the missing data place.
This method can cause a problem that calculation time is very long. This is
because it is necessary to perform a series of processes to retrieve an empty
value through the grid search algorithm, to calculate the average value of
the neighbors of the retrieved values, and to put the average value back into
the missing place.

In table 8, the results are derived by dividing inserting in the missing
slots to make the unbalanced panel balanced. In detail, As explained above,
the way is to compare the p values of the upper and lower regimes first,
and selecting one of them and subdividing it sequentially. The model is the
extended model of dynamic panel threshold model, adding lagged variables
of ae and ke. The estimated threshold value was statistically significant,
but looking closely at the results, most of the values are not statistically
significant. In addition, the outstanding characteristic of this table is that
the p-value of the linearity test is larger than the previous empirical result.
This means that the model suitable for the data is likely to be non-linear.

Considering the reason why there are many statistically insignificant
values, I can think of the phenomenon that the relation between variables
and variables is weak by putting zero in the first place. The zero entering
the weighting matrix is also likely to play a role in distorting the variance
of the coefficients of the variables. In summary, putting zero in an empty
place will result in a direction that reduces the influence of the variables.
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Table 8: 3 regimes Model Extension(Adding aet−1 ,ket−1 ) 2001-2015

xit / qit Cash Flow Leverage Tobin Q aet−1 ket−1

1st Regime
invt−1 0.1870* 0.4546** 0.0503 0.1472 -0.1973

(0.1449) (0.2656) (0.2682) (0.1614) (0.2449)

tobin Q -0.0037 -0.0328 -0.0800 -0.0245 -0.0238
(0.0155) (0.0317) (0.0736) (0.0226) (0.0296)

CF -0.7045 0.2704 -0.2754 0.0053 -0.1962
(0.2652) (0.2410) (0.1367) (0.1249) (0.1645)

Leverage -0.0151 -0.0840 0.0642 -0.0242 -0.1402
(0.1470) (0.2231) (0.0989) (0.1191) (0.1405)

aet−1 0.2523** 0.2120* 0.2005** 0.1363 -0.0776
(0.1245) (0.1566) (0.0813) (0.1680) (0.3109)

ket−1 -0.0444 0.0213 -0.0365 -0.0510 -0.1013
(0.0308) (0.0315) (0.0340) (0.0498) (0.0987)

2nd Regime
invt−1 0.0284 -0.1992 -0.0478 0.2641* 0.1859

(0.1181) (0.3732) (0.1574) (0.1705) (0.2215)

tobin Q -0.0038 -0.0509 -0.0124 -0.0010 -0.0273
(0.0058) (0.3109) (0.0249) (0.0098) (0.0219)

CF -0.0519 0.3264* 0.0393 -0.0546 0.0099
(0.0955) (0.2449) (0.0720) (0.0600) (0.0866)

Leverage 0.0097 -0.3953 -0.0389 0.0126 0.0531
(0.0559) (0.3028) (0.0325) (0.0592) (0.0701)

aet−1 0.0399 0.2295* -0.0240 0.0159 0.2358
(0.0438) (0.1772) (0.0365) (0.0932) (0.1904)

ket−1 -0.0081 0.0008 -0.0078 -0.0117 -0.0499
(0.0106) (0.1526) (0.0168) (0.0191) (0.0598)

3rd Regime
invt−1 0.1033 1.4370 0.1105 0.4005 0.3169

(0.2555) (0.6970) (0.1896) (0.2038) (0.2969)

tobin Q -0.0409 -0.0214 0.1600*** -0.0591 -0.0771
(0.0586) (0.0178) (0.0613) (0.0551) (0.1075)

CF -0.0481 0.0747 0.0595 -0.0325 0.0724
(0.0943) (0.1615) (0.0712) (0.0638) (0.1027)

Leverage 0.0648 0.0225 0.1000 0.2859** -0.2228
(0.2218) (0.1351) (0.1124) (0.1901) (0.2271)

aet−1 -0.0134 -0.0259 -0.0090 0.0260 0.3151*
(0.0633) (0.1393) (0.0524) (0.1042) (0.2459)

ket−1 0.0717* 0.0122 -0.1322* -0.0344 -0.0437
(0.0522) (0.0262) (0.0748) (0.0498) (0.0851)

1st Threshold 0.1125*** 0.4272*** 1.2054*** 0.2329*** 0.3714**
(0.0306) (0.0839) (0.2237) (0.0299) (0.2025)

2nd Threshold 0.1179*** 0.4567*** 1.2165*** 0.1635*** 0.4849*
(0.0145) (0.0390) (0.0812) (0.0409) (0.3245)

Linearity(p-value) 0.0000 0.2030 0.0270 0.0490 0.0140
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8 Conclusion

In this paper, I analyze the effect of debt ratio on corporate investment
to examine whether the investment behavior of Korean listed companies is
affected by underinvestment problems. As a result, the firms with high debt
ratio showed a decrease in corporate investment. This is consistent with
the hypothesis of the hypothetical investment hypothesis that firms with
high debt ratios are able to reduce their investment due to underinvestment
phenomena that give up investment with positive net present value due to
conflict of interests between shareholders and creditors.

According to the free cash flow hypothesis, firms with high debt ratios
emphasize that corporate investment can be reduced by reducing excessive
cash flow due to high interest burden and thereby preventing excessive in-
vestment to pursue private profit of management. In the case of a capital
market, Lang et al. (1996) and Aivazian et al. (2005) find that firms with
high growth opportunities can continue to invest efficiently by financing
through external capital markets, On the other hand, companies with low
growth opportunities will have difficulty in borrowing money and will lose
investment. Thus, the effect of reducing corporate investment due to high
debt ratios is likely to be significantly higher for firms with low growth
opportunities.

By using methodology suggested by Seo et al.(2015), it is possible to
capture the factors affecting the investment among the companies according
to the financial constraints were different and the sizes were different. The
analysis of this paper shows that the negative relationship between lever-
age and firm investment is strengthened in companies with high growth
opportunities. The results of this analysis suggest that the negative impact
of debt ratio on corporate investment is due to underinvestment problems
caused by conflict of interests between shareholders and creditors, rather
than preventing excessive investment by management discipline.

This paper has the following limitations. First, this paper analyzes firms’
investment behavior based on microeconomic investment theory and data,
but there is a limitation that they can not consider macroeconomic factors
which may have different effects on business investment. Future research is
necessary to verify macroscopic investment behavior and its implications by
combining macroeconomic factors such as uncertainty, exchange rate and
interest rate with micro investment theory. Second, from the methodolog-
ical point of view, the algorithm that divides the regime sequentially is
not clearly established. When choosing one of the regimes divided into two
regimes and dividing the selected regime , methodologically correct methods
of handling unbalanced panel types need to be addressed. The method of
filling the empty space with zero, which is the method suggested by me, is
a rudimentary approach, and future studies to solve the unbalancing in the
threshold model are needed.
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국문 초록 
 

레버리지가 기업 투자에 미치는 영향 

: 동태적 패널 Threshold 모형을 이용하여 

 

서울대학교 대학원 

경제학부 경제학 전공 

하  종  현 

 

이 논문은 레버리지가 기업의 투자결정에 미치는 영향을 대한민국 

유가증권시장에 상장되어 있는 제조업체의 데이터를 이용하여 연구하

였다. 논문에서 기업 투자에 영향을 미치는 요소들의 threshold를 식

별하기 위해 동태적 패널 threshold 모델을 활용했고, 실증분석결과 

레버리지가 기업 투자와 음의 관계를 가짐을 보인다. 그리고 논문에서 

1차 차분 GMM 방법을 사용하여 회귀 변수들과 threshold 변수가 모

두 내생성을 가져도 되도록 하였는데, 이는 동태적 패널 회귀 모델의 

개선점을 보여주었다. 또한 레버리지뿐만 아니라 이외 다른 변수들로 

총자본투자효율성과 설비투자효율성을 모형에 추가하여 분석하였다. 

 

주 요 어 : 동태적 패널 threshold 모형, 내생적 threshold 효과 

및 내생적 설명변수, 1계 차분-GMM, 투자 
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