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Abstract

This paper examines the financial structural change in the Korean economy by applying the
VAR analysis. It also studies the degree to which international capital mobility affects the
dynamic fixed and floating exchange rate systems.

Before 1997, the Korean financial structure was fragile and the risks associated with
international lenders were a trigger for the monetary crisis under the fixed exchange rate
system. However, it appears that after 2007, the Korean economy became strong enough to
withstand the international monetary crisis.

Using empirical analyses, this paper argues that the Korean financial structure has
become robust and has improved since the monetary crisis of 1997 and the financial
structural robustness has indeed made the dynamic system of the floating exchange rate
stable.

This paper concludes that the financial structural robustness and the floating exchange
rate system are the main reasons why the Korean economy has been strong enough to
withstand the international monetary crisis of 2007.
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1.Introduction

A monetary crisis broke out in Korea in 1997, which posed great difficulties for the
country’s economy. The International Monetary Fund required Korea to carry out
market-oriented economic reforms and constrictive fiscal policies in consideration of
financial support.

On the other hand, the subprime loan crisis of 2007 in the USA, which took lead in the
market-oriented economic reform, marked the beginning of an international monetary crisis.
Many nations such as Iceland have suffered from the crisis; the Japanese economy has also
been severely affected. However, it appears that the Korean economy was strong enough to
withstand the international monetary crisis of 2007.

Some economists on the Wall Street think that the financial instability hypothesis
proposed by Hyman, P. Minsky deserves consideration (Lahart (2007)). The hypothesis had
been ignored before the international monetary crisis because of the general perception that
the US was in an era of sustained prosperity, which might be an illusion.

The financial instability hypothesis is a theory of endogenous business cycle. Taylor and
O’Connell (1985) presented a simple macroeconomic model of financial instability and
proved that an economy would fall into a financial crisis if the decline in the expected profit
rates aggravated the financial condition of firms and increased the household preference for
liquidity. Semmler (1987) interpreted their idea as a nonlinear “S-shaped” saving function
and presented a financial cycle by applying the Hopf-bifurcation theorem®.

The S-shaped saving refers to the saving that is assumed to depend on the difference
between the current income and its normal level. For example, bank loans increase in an
expanding economy because of the decline in lender risks. Ninomiya and Tokuda (2010)
introduced the concept of “the instability of confidence” and incorporated the factor of
lender risks into a macrodynamic model of financial instability for illustrating financial
cycle and instability. By applying the VAR analysis, they also showed that the instability of
confidence increased in the mid-1990s and changed the financial structure of the Japanese
economy. However, they focused only on the Japanese economy without discussing the
open economy.

On the other hand, Ninomiya (2007) examined the international monetary crisis by
developing the thesis of Asada (1995), suggesting that a stable financial structure is
supremely important to the Korean economy. However, he did not so by undertaking an
empirical analysis and considering the structural change in the Korean economy.

This paper begins by presenting a simple macrodynamic model by following Ninomiya
and Tokuda (2010) and detailing the structural change in the Korean economy by applying
the VAR analysis. Next, it will examine the structural change and the degree to which
international capital mobility affects the dynamic fixed and floating exchange rate systems.

This paper argues that the Korean financial structure has grown more robust since the
Asian monetary crisis. The conclusion of this paper will explain how the robust financial

'Semmler (1987) integrated firms’ debt and debt payment commitments into a formal nonlinear cycle
model. In the recent studies of financial instability, the dynamic equation of debt burden was introduced.
See, for example, Asada (2006) and Ninomiya and Sanyal (2009). However, we will disregard the debt
burden in this paper.



structure and the floating exchange rate system were the main reasons why the Korean
economy was strong enough to withstand the international monetary crisis of 2007.

2.Basic model and empirical study

2.1 Basic model
In this section, we present a basic macrodynamic model by following Ninomiya and
Tokuda (2010) and examine the structural change in the Korean economy by applying the
VAR analysis.

Rose (1969), Ninomiya (2007), and Ninomiya and Tokuda (2010) formulated the
following equation to determine the interest rate i,

EB = - [EX+EM] = -[(C+1-Y)+(L-M)] =0 1)

where EX is the excess demand for goods, EB is the excess demand for bonds, EM is the
excess demand for money, C is the consumption demand, I is the investment demand, Y is
the net income, M is the money supply, and L is the demand for money.

The consumption function, investment function, money demand function, and money
supply function are defined as

C=cY +C,, O0<c<l C,>0, 2
. ol ol ol
I=I1(Y,i,p), I, =—>0, I, =—<0, |, =—>0,
L=L(Y,i), L, = >0, Li——<0 4)
. 8 8,u
M = u(i, p)H, iz—_>0, >0, 5
u(i, p)H, 5 M, = o (5)

where c is the marginal propensity to consume, Cy is the basic consumption, p is the state of
confidence for an economy, u is a monetary multiplier, H is a high-powered money that is
assumed to be constant in this section (H = H).

1, > 0 implies that the investment demand increases when the state of confidence for
the economy increases. This is referred to as “animal spirits,” which co-exist with many
investment opportunities. u, > 0 shows the behavior of commercial banks. In short,
lender risks depend on the state of confidence for the economy, p. For example, lender risks
decline dramatically when the economy is in “euphoria.” If so, the money supply would
increase considerably with the increase in bank loans.

By ordering Equations (1)—(5) and solving them with respect to the interest rate i gives

i—i(Y, p), (6)
i -d- i Il —uH

iYEﬂ=—IY (1 C)+Lv>0’ i Eﬂ: %zo
oY |i+|-i_/uiH ? op |+LI ,uIH

The sign of i, depends on those of I, and u,. As mentioned above, I, is the animal
spirits or the investment opportunity and p, is the behavior of commercial banks. For
example, we obtain i, <0 when I, < u,H. We assume that the economy is in boom. If
lender risks decline with the rise in the state of confidence for the economy, the supply of



loanable funds will increase tremendously. If the increase is significant, the interest rate
may decline despite the rise in the state of confidence. Furthermore, we assume iy > 0 in
this paper?.

The dynamic equations for the net income Y and the state of confidence p are formulated
as follows:

Y=a(C+1-Y), a>0, @)
. ov ov
o = pIv(Y,1)-v], v,=—>0, v,=—<0, >0, 8
p=pIvY.i)-V], v Y 5 B (®)
Equation (7) describes the quantity-adjustment process of the goods market and « is the
parameter. V in Equation (8) is the combination of the net income Y and the interest rate i,
which achieves a normal state of confidence for the economy?®. For example, the state of

confidence will increase with the decline in the interest rate even though the net income
does not change. The parameter £ is called “the instability of confidence.”

By ordering Equations (2), (3), (6), (7), and (8), the following dynamic system (Sa)is
obtained:

Y =afcY +C0+I(Y,i(Y,p))—Y]’ (S..1)
p =P, i(Y,p))-V]

(S:-2)
Ninomiya and Tokuda (2010) proved the existence of the closed orbit at certain parameter
value S by applying the Hopf-bifurcation theorem. This financial cycle is different from the
closed Kaldorian business-cycle models, in which there is a closed orbit at certain
parameter value a. Moreover, the inequality ly + lily > 1 —c is usually assumed in the

closed Kaldorian business-cycle model®. On the contrary, the inequality Iy + liiy < 1 —¢
is assumed in Ninomiya and Tokuda (2010).
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“Ninomiya (2007) examined the case of i, < 0.

3Taylor and O’Connell (1985) formulated that 5 would depend on the gap between the current interest

rate and the normal long-run interest rate. Equation (8) is similar to what Franke and Asada (1994) have
proposed. They postulated that the dynamic equation for the state of confidence would depend on the
risk premium.

*Asada (1987, 1995). This assumption implies that the marginal propensity to invest, which contains indirect
effect (Iy + I; iy), is relatively large than the marginal propensity to save (1—c).



Figure 1 is a numerical simulation of the dynamic system (Sa)when i, < 0. It is quite
easy for us to find that the interest rate increases despite the decrease in income
immediately after the peak of the business cycle is reached. In contrast, we are not able to
observe such a phase in models of the closed Kaldorian business cycle.

Furthermore, Ninomiya and Tokuda (2010) also proved that the dynamic system (Sa) is
unstable when the instability of confidence £ is large enough. This works via the following
mechanism. The economy is in a boom, and the state of confidence for the economy, p,
enhances. The interest rate i will fall despite the rise in p. Consequently, the investment
demand I will be promoted by the fall in the interest rate and the income Y will increase
considerably.

Y T=pT=il=1T=Y T (Unstable)

On the contrary, the dynamic system (Sa) is stable when i, >0 by the opposite
mechanism.
Y = pT=iT=1d=Y L (Stable) _

2.2 Empirical analysis

Ninomiya and Tokuda (2010) presented the structural change in the Japanese economy that
occurred in the mid-1990s. We will examine the structural change in the Korean economy
by applying the VAR analysis.

In the basic model above, the symbol i, and the instability of confidence £ are shown to
play an important role in the stability of the dynamic system. Here, we examine the changes
in the financial structure by using data from the Korean economy. One characteristic of this
analysis is that it is a subsample comparative analysis that focuses on the creation of proxy
variables, which show the instability of confidence, and the VAR model, which introduces
these proxy variables.

Straightforward observation of income, interest rate, and
change time of economic framework

As stated before, despite a drop in income Y, there is a phase where the interest rate 1 rises
because of an increase in lender risk. In general, we often observe this type of situation at
times when confidence in the economy is fragile. We examine this point using data on the
Korean economy for the period from 1987 because of the availability of the data used in
later analyses.

First, we observe the macroeconomic indicators of the income and interest rate
movements. We use the real GDP as the income variable and the yields of national housing
bonds as the interest rate variable. Changes from the previous period for each variable are
given in Figure 2 (see Table 1 for details on each indicator).

There were three periods in which a fall in the GDP of the previous period was
accompanied by a rise in the interest rates: the 4th quarter of 1997 (hereinafter 1997Q4),
1998Q1, and 2008Q3.

These periods are shown in Figure 2 by solid vertical lines®. We can interpret these

5As GDP has a fairly consistent upward trend, it would be difficult to extract periods in which Yt—i| by
setting an arbitrary trend. In this section, we choose to extract periods during which Y |—i1, thus limiting



Figure 2 Transition of GDP and government bond yield
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Source: The Bank of Korea
% Gray zone shows the recession phase.

*Vertical solid line indicates the time when the decrease in GDP and the rising interest rates were
synchronous.

Figure 3 Transition of business condition and financial situation
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periods as corresponding to the economic transitions associated with the Asian monetary

crisis in the latter half of the 1990s and the subprime loan crisis in the latter half of the
2000s.

Next, we examine Figure 3, which shows the association with periods in which i, <0
in the business survey index, an indicator of business sentiments. The solid line represents

the possibility for statistical error.



business conditions (BC) and the dotted line represents financial situations (FS). In general,
we can assume that the economy is good in situations where businesses view the financial
environment for loans to be positive. On this point, we observe both indicators during the
period for which we can use the business survey index: Sep. 1984—Sep. 2010.

Figure 3 shows that there was a tendency for BC to be greater than FS (BC > FS) before
the Asian monetary crisis, while after the crisis, BC became less than FS (BC < FS)’. After
the 1980s, Korea achieved rapid development in the field of finance following finance and
capital transaction liberalization and internationalization, which the government promoted
and urged strongly during negotiations for accession to the OECD. On the other hand, this
rapid development also had the drawback of eliciting undisciplined liberalization and
internationalization in the absence of adequate risk management. The association between
the financial system and the real economy became unstable as the financial system was
being shaped, as reflected in the observable evidence of BC > FS. This destabilized
situation likely brought the Asian monetary crisis to Korea®. However, the situation was
brought under IMF management after the monetary crisis, and confidence in the financial
environment was restored with financial cooperation and support. The shift to BC < FS
reflects this change in the sentiment.

In light of this observable evidence, after the Asian monetary crisis, a change in the
financial structure of the economy is presumed to have occurred that reduced previous
lender risks. If this is the case, then models that ignore changes in economic financial
structures cannot accurately describe them before and after the changes. In this paper, we
assume that a change in the financial structure occurred during the Asian monetary crisis,
and we describe and compare the economic structure before and after this change.

In the theoretical model below, while defining the dynamic state of p, we quantitatively
value S, which plays a critical role as “the instability of confidence,” and make this the
basis for dividing the period into two parts. We also construct a VAR model and examine
the causality and the ripple effect on shocks.

Quantification of instability of confidence

As the instability of confidence g is unobservable, we need to use some proxy variables.
Here, we incorporate a generalized auto regressive conditional heteroscedasticity (GARCH)
model, which is a volatility variation model, to quantify this value. Strictly speaking, the
risks of lenders (financial institutions) and borrowers (businesses) should be separately
identified and considered. In this paper, however, we take the approach of loosely
integrating these two types of risks as confidence instability.

We incorporate a method using the GARCH model to quantify the variable by using the
business survey index introduced earlier as a source for extracting . Having used the
method for time-series analysis to identify the discrepancy in past business and financial
patterns, we now define it as the instability of confidence.

7The average gap in both indicators from 1987 to 1997 is about 8.4 and from 1998 to 2010 is about —5.8.
8With respect to the formation of the Korean economy, Ko (2000) provides a detailed analysis of how
the paralysis of the function provided a check on chaebol over-investment and over-borrowing that
resulted from significant changes in the economic system in the 1990s, including industrial liberalization
and diversification of chaebol capital acquisition, led to the monetary crisis.



First, Figure 3 shows that, at least for the Asian monetary crisis, the pattern BC > FS was
stable before the crisis, and that the pattern BC < FS was stable following the crisis. For
simplification, we assume a linear relationship between the financial situation during an
arbitrary point in time and the business condition before the same time point, as well as a
construction boom dummy (1989Q1-1991Q4). In other words, this is shown as

FS, =a, +,BC,_, +a,Dum, + 1, 9)

(FSt: financial situation, BC;: business condition, Dum;. construction boom dummy, u:
error term, a: constant, oy, a,: adjustment coefficients)

Equation 9 shows situations in which there are differences in the association between
business expectations for the financial environment and their perception of the economic
climate by variance in . The error term in g represents the disturbing and/or irregular
factors and the variance in these factors represents uncertainty about the financial
environment. In other words, increases in the variance of the error term mean that some
factors non-explainable by the assessments of economic conditions heavily influence the
expectations of the financial environment. The increases also show that the instability of
confidence for the economy is increasing.

This error term variance is not stable throughout the period, but has a tendency to
continually increase whenever a large shock occurs. To model the heterogeneity of error
term variance, we use a GARCH model as below.

2 2 2
o, =w+ao , + ., K

Info_,~N (0,57) (10)

Here, @ > 0, u is the prediction error during a previous period. Info..; denotes information
that is set at the t — 1 term and is a usable information set.
We assume that the conditional distribution of x is normal and that the conditional

variance o/ is heterogeneous, depending on past shocks as well as z - 1 ando?,. The

financial instability factors estimated by this GARCH model are as below.
FS, = 76.318+0.254BC, , —21.222Dum, + 1,

(36.97)  (12.02) (~20.164) ’ (11)
o7 =3.349+0.61642, +0.45007, 12)
(2.47) (5.17) (6.67)

The sample period is from 1984Q1 quarter to 2010Q3 quarter, and the numbers in
parentheses represent the t-values.

The estimation results show that each parameter meets the 1% significance level as well
as the sign condition. The estimated financial environment expectation conditional variance

o’ (i.e., the proxy variable for the instability of confidence f) (Fig. 4) shows instability

until the first half of the 1990s. It fluctuated widely during the Asian monetary crisis and
then stabilizes. Instability once again intensified during the period 2008-2009, which saw a
sharp economic contraction following the U.S. subprime loan crisis. However, the volume
was smaller and shorter-term as compared to that during the Asian monetary crisis period.

The large fluctuation caused by financial sector sentiments may have triggered a surge in
business liquidity preference and a significant change in capital positions while fostering a
change in the transmission mechanism from finance to the real economy. In the next section,

we simulate the instability of confidence g from the quantified oand incorporate this into
the VAR model, dividing the estimation period 1998Q1 into two. The division point was



determined by considering the magnitude relationship between FS and BS indicated earlier,
the period in which the quantified confidence instability is increasing, as well as by the
obtained samples®. Having divided the estimation period into two, we compare the
differences found in the results of each subsample estimation.

Figure 4 Conditional Variance o’
1,600

1,400

1,200

1,000 -

800 |

600 -

400

200

0

T T T L N A RN R R (RN RN RN RN

i e A R
88 90 92 94 96 98 00 02 04 06 08 10
21t means that the instability of the conviction increases with the increasing numerical value.

Analysis using VAR model

According to the theoretical model, the macroeconomic variables that form the core of the
VAR model include the interest rate i, income Y, investment I, and the previously
explained quantified confidence instability variable ;. Data sources are as shown in Table 1.
We use the quarterly data and estimate from the period 1987Q1 to 2010Q3, which is the
time frame for which we can obtain continuous data. The data for 1998Q1 are divided into
subsamples.

Table 1 Dataset

Variables Data Unit Source
) ) A R 0,
I: interest rate Yields of National Housing Bonds Typel(5-year) % Lg?ezank of
Y: income GDP (at chained 2005 year prices, SA) Bil.won E;?eliank of
I: investment Gross Fixed Capital Formation (SA) Bil.Won | OECD
Business Condition Index | The Bank of
£ Instability of Korea
confidence Index | The Bank of

Financial Situation
Korea

Prior to performing the VAR analysis, we conduct a unit root test for the stationarity of
each variable in each subsample through the ADF test. Using a model that includes trends
and constants, we confirm that almost all variables are on a level stationarity. We apply
Johansen’s cointegration test (maximum eigenvalue test) to various models, but no result
strongly supports cointegration. As such, we use level variables in the analysis below.To

9Although gitself is an endogenous variable, we consider the possibility that, triggered by a large shock,
it changed the economic structure.



give priority to ensuring the degree of freedom in our VAR model, we use one term lag.
From the table above, we specify the following dynamic model. X; is an endogenous vector,
A is coefficient vector (constants omitted), and u is the reduced innovation vector.

Xt = AlXt-l + ut

X :[it'Yt’ It'ﬁt] v U zl:uit’uYt’ult’uﬂt:I

First, we confirm the Granger causality observable between the four variables—in other
words, the marginal prediction power for the improvement of each variable—using the
estimates of our VAR model and the F-test that we can perform incidentally*’. Table 2
shows the results of the Granger causality test. The mutual causality between the variables
in Granger terms are weak in the early subsample, with only two directions, | to Y and | to
p .detected (heretofore “causality” shall imply in Granger terms). In addition, i is not
determined by the market to the extent implied by financial liberalization; as a result, we

can infer that causality could not be detected.
Table 2 Granger Causality Test

(13)

Sample: 1987Q1 199704 Sample: 1998Q1 2010Q3
Null Hypothesis: F-Statistic Prob. F-Statistic Prob.
Y » | 0.655 0.525 2.752 0.074
i Y 1.596 0.216 2.848 0.068
| » i 0.670 0.518 1.161 0.323
i » | 0.129 0.879 6.974 0.002
B+ i 0.544 0.585 4.935 0.011
i » B 1.206 0.311 8.739 0.001
| » Y 4.716 0.015 11.448 0.000
Y | 0.958 0.393 16.970 0.000
B » Y 1.758 0.186 0.585 0.561
Y » 8 2.024 0.147 2.272 0.115
B+ | 0.447 0.643 0.374 0.690
| » B 5.596 0.008 2.577 0.087
i 5 Y i Y

1 B I L

$The shaded area shows the part where the null hypothesis is rejected below 10% significance level.

> 1% significance level, STt 5% significance level, = > 10% significance level

On the other hand, we can see a complicated causality between the macroeconomic
variables in the later subsample. i and Y have a feedback relationship with significance at
the 10% level, while I and Y have a feedback relationship with significance at the 1% level.
This is likely due to increased fluctuation in the interest rates following developments in

L1Granger causality has the characteristic of determining causality on the basis of whether past variables
contribute to improving the predictive capacity, if current circumstances depend only on past circumstances in
linear systems such as the VAR model. Therefore, we must consider that this is not an assessment of the
cause—effect relationship between the variables in the usual sense.

10



financial liberalization. We also find that there is one-sided causality from i to | with
significance at the 1% level. In terms of association with confidence instability S, there is a
feedback relationship between i and £ and one-sided causality between | and £ at the 10%
significance level. We can infer that fluctuations in g affect the real economy in terms of
investment and GDP through the interest rates.

Although we could not confirm g ’s effect on any of the main variables in the early
subsample, it seems that the presence of £ grew in the later subsample with adjustments
made to the economic system. g affects p in Equation (S,.2) while p fluctuates with i in

Equation 6. This transmission mechanism can be interpreted as having materialized
following the Asian monetary crisis. Although causality was detected through the Granger
causality test, the degree of quantitative impact and time-series changes could not be
determined. Next, we examine the impulse response function.

Figures 5 and 6 show the impulse response functions for the early subsample (1987—
1997) and the later subsample (1998-2010), respectively. Shock (innovation) to the
endogenous variable affects not only these variables but also other endogenous variables
through the dynamic lag structure of the VAR model. By using the impulse response
function, we quantify the effects of the shock in the current period and movements in the
endogenous variables over the preceding 10 periods (2 Y2 years).

As the limitation of space prohibits a complete review of the effects on endogenous
variables, we examine here the shock and subsequent response by focusing on the empirical
results relating to confidence instability and the transmission mechanism from page 4 to 5.
First, with regard to the instability of confidence, Figure 5 shows that the instability
increases with positive interest rate shocks during the early subsample. There is a
subsequent slight downward trend, although this is statistically insignificant. However,
there is a residual positive effect even after 10 periods (4™ row, 1% column). Conversely, the
interest rates plummet when there is an increase in instability shock, which results in a
restraint on economic contraction (1% row, 4™ column). No obvious effect could be seen on
GDP or investment (2" row, 4™ column; 3" row, 4™ column).

On the other hand, Figure 6 shows noticeably greater instability in response to a larger
interest rate shock in the later subsample (4™ row, 1% column). This effect, however, is
relatively short-term, disappearing around the fifth subsequent period. Conversely, the
interest rates drop when there is increase in instability shock, although not to the extent
seen in the earlier period, and the lower interest rates act as an absorber for the deteriorating
sentiment (1 row, 4™ column). As a result, the investment initially falls, but recovers after
the third subsequent period (3 row, 4™ column). In addition, although statistically
insignificant, there is a slight tandem climb in GDP.

Next, we look at the transmission mechanism on page 5, namely Yt= pt=it=> 1= Y|.
The direction and movement of each variable in the later subsample can clearly be seen.
The interest rates act as a restraint in response to economic overheating, as indicated by the
surge in Y (1% row, 2" column). As a result, the instability of confidence 3 rises after the
second period (4™ row, 2" column). After the changes indicated in Equation (S,.2), p falls

and the interest rates rise, peaking in the third period. Through this process, increases in

11
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investment are restrained and the effect disappears by the fifth period (3™ row, 2" column),
with a consequent moderation in Y itself (2" row, 2" column). This series of transmissions
is not observable in the early subsample, probably because the response of the interest rates
to the initial shock of economic overheating is unclear. In other words, the interest rate
level formation process becomes opaque and uncertain during interest rate liberalization.
The basis for this is likely the fact that the reaction of the interest rates to investment shocks
is unclear.

The previous Granger causality test indicates that during the later period, the
transmission from the instability of confidence £ to the interest rate i is critical. In addition,
the impulse response function shows that despite a rise in the instability of confidence
triggered by some apparent causes, a system developed in which the negative effects on the
real economy, | and Y, did not occur, because of the appropriate response of the interest
rates. The construction of this system also leads to the stabilization of g itself. As shown in

Figure 4, this environment is likely illustrated by the stable movement of o after 1999. In
light of this, we can say that the robustness of the Korean financial system improved
following the Asian monetary crisis.

Finally, we used the parameters gained in the VAR model to conduct the final test. This
is not a test in which we obtain predictive values by using actual measurement values as a
reference; rather, it is a test in which we use predictive values from the early period to
calculate future predictions. Figure 7 shows a scatter plot of the differences in the income
and the interest rates extracted from the predictive values drawn from the test. Each dot
represents the predictive value obtained from the test, and the interior of the ellipse

represents the 95% confidence interval.
Figure 7 Final Test
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s¢Vertical axis represents the difference in the forecasted interest rate and horizontal axis represents the difference in the
forecasted GDP.

For the first half of the subsample, we observe that the points are equally divided
between the first quadrant, which depicts a concurrent rise in both GDP and the interest
rates, and the forth quadrant, in which GDP is increasing and the interest rates are falling.
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There are no points visible, however, in the second and third quadrants. On the other hand,
in the latter half of the subsample, many points appear in the third quadrant, in which both
GDP and the interest rates are falling. The test also shows that when £ is stable, there is a
high probability that we can confirm the normal reaction of a drop in the interest rates with
a fall in income.

3. Open economy

The Asian monetary crisis of 1997 showed that the Korean economy is strongly affected by
the international capital mobility. As Figure 4 shows, the instability of confidence increased
during the periods 1997-1998 and 2008-2009 because the Asian monetary crises occurred
in 1997 and the subprime loan crisis occurred in 2007. However, it seems that the Korean
economy was strong enough despite the international monetary crisis of 2007.

In the previous section, we observed that the financial structure between 1987 and 1997
is different from that between 1998 and 2010. Furthermore, Korea had adopted the fixed
exchange rate system before the crisis of 1997 and has adopted the floating exchange rate
system since the crisis of 1997. Therefore, we will examine the macrodynamic models of
financial instability in the fixed and floating exchange rate systems.

We construct a macrodynamic model in an open economy by developing Asada (1995)
and Ninomiya (2007) as follows:

Y=a(C+1+J-Y), a>0, (14)
p=ply.i)-v], B>0, (15)

Q:y[iwg(p)—if—”e‘”],
T (16)

g,>0, >0, 6§20,

A=J+Q, 17)
J=J(,n), J,<0, J_>0, (18)
C=cY +C,, 2
I=1(Y,p,i), 1,>0,1,>0, I,<0, 3)
i=i(Y,p,H), i, >0, i,20, i, <0, (6)

where J is the balance of the current account (net export), Q is the balance of the capital
account, A is the total balance of payment, 7 is the value of a unit of foreign currency in
terms of domestic currency, 7¢ is the expected exchange rate in the near future, and iz is
the expected rate of return for holding foreign bonds, excluding the influence of exchange
risk.

The parameter y represents the degree of international capital mobility, g(p) represents
the risk of international lenders, and J expresses the degree of the risk. 9o > 0 means that
the rise in the state of confidence for the economy reduces the risk of international lenders.
Although ¢ is apparently different from the instability of confidence £, 6 might also be
high when £ is high.

Equation (16) shows that the balance of the capital account is determined by the
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difference between the domestic interest rate and the expected rate of return of foreign
bonds. Equation (17) is the definition of the total balance of payment.

3.1 Case of fixed exchange rate system

First, we will examine the case of fixed exchange rate system. In this system, three
equations are added:

=7, (19)
7t =, (20)
H=A (21)

Equations (19) and (20) prove that the exchange rate is given. Equation (21) shows that the
high-powered money becomes an endogenous variable under the fixed exchange rate
system, unless the central bank adopts the so-called sterilization policy.

By ordering Equations (2), (3), (6), and (14)—(21), we obtain the dynamic system of fixed
exchange rates (Sp) as follows:

Y =afcY +C, + 1(Y,i(Y,p,H)+I(Y,7)-Y]= f(Y, o, H). (S,.1)
p=PNIY, o H)) -V]I=T,(Y, o H) (S,.2)
H=J(Y.7)+ /(Y. p.H) +59(p) —i1= f(Y, p.H) (S,-3)
The Jacobian matrix of the system (Sp) at the equilibrium point can be expressed as
fll f12 f13
b= fu fn fn (22)
f31 f32 f33

b

where
fo=afl, -(-c)+J, +Li,], fy=a(l +1i), fi=ali,,
f, =B +viy), fy =IBViip’ f,e = Byl
fo=Jdy +7i,, f, :7(ip +59p)v fo =7y
The characteristic equation of the dynamic system is
A +arl+ad+az3 =0 (23)

’

where
a=—F,—f,— 1y
=—a[l, —(L-c)+Jy, + Li,1- Avi, —7i,,
a, = f22 f33 - fzs f32 + f11 f33 - f13 f31 + f11 fzz - f12 f21
=—pvi 9, +ofl, —(1-c)+ I, Iriy —alii,Jy (25)
+afl, —(1—c)+JY]ﬂviip —aliipﬂvY —aﬁlp(vY + Vi, ),

(24)
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a; = _f11(f22 f33 - f23 fsz) + le( flz f33 - f13 fsz) - f31( f12 f23 - f13 fzz)
=—af[l, —(1-c)+J, + i, Jvi, gp75 (26)
+aﬂlp(VY +ViiY)(|p - Iiggp)iHy_(JY +7iv)aﬂ|pviiH'

The inequality ly + liily < 1 —c is assumed in this paper.
The above discussion proves the below propositions.

Proposition 1
The degree of international capital mobility is assumed to be sufficiently high (¥ — ).
The dynamic system of fixed exchange rates (Sp) becomes locally stable under some
conditions when the risk of international lenders is sufficiently low (6 — 0). On the
contrary, the dynamic system (Sp) becomes locally unstable when the risk of international
lenders is sufficiently large (6 — ).
Proof.
The degree of international capital mobility is assumed to be sufficiently high (¥ — «).

When the risk of international lenders is sufficiently low (6 — 0), we obtain

a =—yi, +--->0,

a,=afl, -(1-¢c)+J,lyi, +--->0,

a; =ofl v iy —apBd | viy,

aa,—a,=—afl, —(1-c)+J,liZy’ +--->0.
If we assume that vy is small, we obtain as > 0 The above discussion gives us ai > 0,
a >0, az >0, and aija2 —as > 0. Therefore, the Routh-Hurwitz conditions are
satisfied in this case.
On the contrary, when the risk of international lenders is sufficiently large (6 — ), we
obtain
a, =—pVi, 79,8+ <0.

Therefore, the Routh—Hurwitz conditions are not satisfied in this case. Q.E.D.

Proposition 2
The international capital mobility is assumed to be sufficiently low (¥ — 0). The dynamic
system of the fixed exchange rate system (Sp) is locally unstable when I, is sufficiently
small (i, < 0)*? and the degree of the instability of confidence is large (8 — ).
Proof.

If the international capital mobility is sufficiently low (¥ — 0) and 1, is sufficiently
small (i, < 0), we obtain

& =-pvi, +---<0.

Therefore, the Routh—Hurwitz conditions are not satisfied. Q.E.D.

20n the contrary, the system (Sp ) is locally stable under some conditions when 1, is sufficiently large
(i, > 0).
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Proposition 1 demonstrates that the stability of the dynamic system (Sy) depends on the
degree of the risk of international lenders 6 when the degree of international capital
mobility is sufficiently high (¥ — <). As examined in the previous section, Figure 4 shows
that the instability of confidence Bincreased between 1997 and 1998 in Korea. Assuming
that ¢ also increased during that time, Proposition 2 is consistent with the Asian monetary
crisis in Korea in 1997. The risk of international lenders 6 was a trigger for the crisis.

The empirical results show that the financial structure of the Korean economy between
1987 and 1997 was more fragile than that between 1998 and 2010. Proposition 2
demonstrates that the stability of the dynamic system (Sy) depends on the sign of i,via the
same mechanism as that described in the previous section when the degree of international
capital mobility is sufficiently low (¥ — 0). We assume that the financial structure was
fragile at that time. The destabilizing influence of the domestic financial structure would
prevent economic stability even though the international capital mobility was shut off

(v - 0)=,

3.2 Case of the floating exchange rate system
Next, we will examine the floating exchange rate system. In this system, three equations are
added:

A=0, @27)
it =e(r-n°%), &>0, (28)
H=H. (29)

Equation (27) represents the equilibrium of the total balance of payment. Equation (28)
formalizes the adaptive expectation hypothesis concerning the expected exchange rate.
Equation (29) indicates that the high-powered money becomes an exogenous variable in the
floating exchange rate system.

The following dynamic system can be obtained by ordering Equations (2), (3), (6), (14)-
(18), and (27)—(29):

Y =afcY +Cy+ (Y, p,i(Y, p, H)) + I(Y, 7)Y |, (30)
p=PIv(Y,i(Y, p,H))-V], (31)
A:J(Y,ﬂ)+y[i(Y,p,H_)+5g(p)—if—ﬁ—+1}20, (32)
T
i =e(r—n°), &£>0. (33)
Solving Equation (32) with respect to 7 gives us the following equation:
r=r(Y,p, 7%, (34)
z, = Qe t7i)r ﬂpz_y(iﬁégp)ﬂ i -—1 o
J.r+y J.+y Tty

By substituting Equation (34) into Equations (30) and (33), we show the dynamic system
for the floating exchange rate (S, ) as follows:

SThese results are consistent with Ninomiya (2007).
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Y =afcY +C,+ (Y, p,i(Y, 0, H)) +I(Y,z(Y,p,7%)) -Y]

(S:-1)
=0,(Y,p. 7% )
p=pPI(Y,i(Y, p,H)) =V]=g,(Y, 0 B) (S:-2)
7 =eln(Y , p. %) - 712 y(Y . .57, 65) (S.-3)
The Jacobian matrix of this system is given by

Ju 912 O3
Je = g1 922 O (35)

a1 032 0O

b

where
Op=cll, —QA-c)+ i, +3, +I,. 7], g =c(l  + i, +J 7)),
Op=ad. 7. >0, g, =pB(y +Viy), 9, =pVi,
Uy =&y, Oy =67, Uyp=¢(r.-1),
We only focus on the case where the degree of international capital mobility is
sufficiently large (¥ = )™, When 7 is sufficiently large, we obtain gz — 0%
The characteristic equation of this system is

A3 +DbiA2+boA+bs =0, (36)
where
blz_gll_QZZ
= ] 7_ZO-C|-7[(IY -(1-c)+ IiiY _JniY”)7+‘]zz”(|Y -(-¢c)+ IiiY)] (37)
- pvi,
bz =01192 — 91295 — 91393
:ﬁ[(ly —(@-c)+ L, +3, = J i) pvii, 38)

+(1,+ 1, = 3,30, +59,)7) BV, +Vi,) + ey x]y’ +--

In the case where the degree of international capital mobility is sufficiently low (¥ — 0), the dynamic
sw%mdﬂmemmewmqudb%mwﬂmMWmmmWMn%iﬂwm0p>(nmdmﬁwb

g%n%ismmH%<:mmmme%m%oﬂmhmmMWMCWWEMMHmm(ﬁ-*®)

(Jy +7/iv)77:|

J.w+y

PRI T N ET

Jx+y Jm+y J.zr+y

g31 =&y =—8|:
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bs = _913(921932 - 922931)

_ pe
=9 J”7Z'+]/|:

(%, +V,i, )89, 7+ i, 7 — Vi, 7 (39)

The above discussion proves the below propositions.

Proposition 3

The degree of international capital mobility is assumed to be sufficiently high (¥ — <) and
the risk of international lenders is assumed to be sufficiently low (6 — 0). The dynamic
system of the floating exchange rates (Sc) becomes locally stable under some conditions
when 1, is large (i, > 0). On the contrary, the dynamic system of floating exchange rates
(Sc) becomes locally unstable when 1, is small (i, < 0).

Proof.

The degree of international capital mobility is assumed to be sufficiently high (¥ = ) and
the risk of international lenders is assumed to be sufficiently low (6 — 0).

In the case where I, is large (i, > 0), we assume I, + I; i, < 0 although I, is large.
Under these assumptions, we obtain b1 > 0, b, > 0, and bs > 0. Furthermore, if we
assume that vy is small (vy + Vvily < 0), bz is also small. We obtain bib> — bz because
by >0 and b2 > 0. The above discussion gives us by >0, b, >0, bz >0, and
bib> — bs > 0. Hence, the Routh—Hurwitz conditions are satisfied in this case.

On the contrary, we obtain bs < Owhen I, is small (i, < 0). Therefore, the Routh—
Hurwitz conditions are not satisfied in the case where I, is small (i, < 0). Q.E.D.

Proposition 4

The dynamic system of floating exchange rates (Sc) becomes locally stable when the
degree of international capital mobility is assumed to be sufficiently high (¥ = ). The
dynamic system of floating exchange rates (Sc) becomes locally stable when the risk of
international lenders is sufficiently large (6 — ).

Proof.

If the degree of international capital mobility is assumed to be sufficiently high (¥ — o),
we obtain b1 > 0. If the degree of the risk of international lenders is sufficiently large
(6 — ), we obtain bz > Odespite i, < 0. We also obtain bs > 0 under vy + Viiy < 0
if o issufficiently large.

About bib, — bs,

2
o
b,-b,=———
S Q. z+7)
The coefficient of ¥* is positive. Therefore, we obtain bib, —bs > 0 if §is sufficiently
large and vy + Vily < 0.
The above discussion gives b1 > 0, b, > 0, bz > 0, and bib> — bs > 0. The Routh—
Hurwitz conditions are satisfied in this case. Q.E.D.

[{IY _(1_C)+ IiiY _JﬂiYﬂ}Jﬂégpﬂﬂ(VY +Viiv)+"']74 e

Proposition 3 indicates that the stability of the dynamic system (Sc¢) depends on the sign
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of i, when the degree of the risk of international lenders is sufficiently small (6 —0). As
observed in the empirical analysis, the robustness of the Korean financial structure has been
improving since the Asian monetary crisis. Proposition 3 is consistent with the empirical
results because the dynamics system (Sc) becomes stable when i, > 0.

On the other hand, Figure 4 shows that the instability of confidence rose when the
subprime crisis occurred. Therefore, the risk of international lenders might have increased
simultaneously. However, Proposition 4 states that the dynamic system (Sc¢) stabilizes
when the risk of international lenders is sufficiently large (6 — o0).

Korea has adopted the floating exchange rate system since the Asian monetary crisis. It
appears that the Korean economy was strong enough to withstand the international
monetary crisis of 2007. Propositions 3 and 4 are consistent with this fact.

4.Conclusion

A monetary crisis broke out in Korea in 1997, confronting the Korean economy with great
difficulties. A decade later, many nations including Japan have been severely affected by
the subprime loan crisis of 2007. However, it appears that the Korean economy was
relatively strong enough to withstand the international monetary crisis.

We present a simple macrodynamic model by following Ninomiya and Tokuda (2010)
and examine the structural change in the Korean economy by using a VAR model. We
examine how the structural change, the degree of international capital mobility, and the risk
of international lenders affect the dynamic systems of fixed and floating exchange rates.

The main conclusions drawn from this paper are as follows. First, in the empirical
analysis,

(1) we quantify the instability of confidence £ and find that the period of 1998 saw an
extreme rise in the instability that coincides with the period when the Korean economy
was dealt with a heavy blow by the Asian monetary crisis. However, we show
quantitatively that this instability subsided rapidly and stabilized considerably during
the 2000s.

(2) Having divided the sample period into the times when £ was unstable (early period:
1987-1997) and the period after it stabilized (later period: 1998-2010), we conduct a
VAR model-based analysis. A Granger causality test shows that in the later period, g is
causally related to the real economy. We also confirm this causal relationship from the
impulse response function, the process in which instability is absorbed through the
route of the interest rates, and any contagion impact on the investment and income
elements of the real economy is prevented.

(3) We conduct the final test using the parameters obtained from the VAR model and find
that during the periods when g is stable, there is a significant possibility that we can
confirm the normal response pattern of falling (rising) interest rates with a fall (rise ) in
income.

The results of the empirical analysis also affect lender risks. Namely, the analysis
introduces the possibility that although /£ itself does not function as an endogenous variable
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that impacts macroeconomic variables, large-scale fluctuations can change the economic
structure encompassing the macrovariables. The results show that following the Asian
monetary crisis, the mechanism of economic stabilization through lower interest rates
worked as a consequence of this structural change. This means that there was a powerful
built-in stabilizer underpinning the economy even during the period of severe contraction in
the economic sentiments caused by the U.S. subprime loan crisis. Considering this, we can
see that the strength of the financial system in Korea has further improved.
In addition, in the theoretical analysis in an open economy,

(4) the degree of international capital mobility is assumed to be sufficiently high (¥ = ).
The dynamic system of fixed exchange rates (Sp) becomes locally unstable when the
risk of international lenders is sufficiently large (6 — ).

(5) The degree of international capital mobility is assumed to be sufficiently high (¥ = )
and the risk of international lenders is assumed to be sufficiently low (6 — 0). The
dynamic system of floating exchange rates (Sc) becomes locally stable under some
conditions when 1, is large (i, > 0). The dynamic system of floating exchange rates
(Sc) becomes locally stable when the risk of international lenders is sufficiently large
(6 —» ).

We believe that these theoretical results are consistent with the empirical implications. In
short, we can apply Equation (4) to the empirical results before 1997 and Equation (5) to
the empirical results after 1997.

Many nations have suffered from the international monetary crises. New research must
examine the structural changes in these nations by applying the VAR analysis. The
financial instability hypothesis and the formal mathematical models on the related topics
treat cumulative debt burden as one of the causes of financial instability. Debt burden must
be incorporated within the future research. Furthermore, the empirical model used in this
paper is a closed model that does not include variables that directly express the foreign
sector. However, the level of the Korean economy’s dependence on trade as of 2009 was
80%, and as such, the actual structure of the Korean economy is heavily impacted by
trading partner conditions and exchange rates. Although the period used in this empirical
analysis includes the time of worldwide economic stability, there is a distinct possibility
that a worldwide economic slump entangling global economic development may occur.
Considering this, we hope to construct an open model that includes foreign sector as an
issue to be considered in the future.
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