W Durham
University

AR

Durham E-Theses

FEssays on Monetary Policy and Economic Growth

OH, EUN,YOUNG

How to cite:

OH, EUN,YOUNG (2014) Essays on Monetary Policy and Economic Growth, Durham theses, Durham
University. Available at Durham E-Theses Online: http://etheses.dur.ac.uk/9473/

Use policy

The full-text may be used and/or reproduced, and given to third parties in any format or medium, without prior permission or
charge, for personal research or study, educational, or not-for-profit purposes provided that:

e a full bibliographic reference is made to the original source
e a link is made to the metadata record in Durham E-Theses
e the full-text is not changed in any way
The full-text must not be sold in any format or medium without the formal permission of the copyright holders.

Please consult the full Durham E-Theses policy for further details.

Academic Support Office, Durham University, University Office, Old Elvet, Durham DH1 3HP
e-mail: e-theses.admin@dur.ac.uk Tel: +44 0191 334 6107
http://etheses.dur.ac.uk


http://www.dur.ac.uk
http://etheses.dur.ac.uk/9473/
 http://etheses.dur.ac.uk/9473/ 
htt://etheses.dur.ac.uk/policies/
http://etheses.dur.ac.uk

A8 Durham
\ | 4 University

Business School

Essays on Monetary Policy
and Economic Growth

Submitted for the Degree of Doctor of Philosophy in Economics

Eun Young Oh

Department of Economics and Finance
Durham University Business School
Durham University

January 2014



ABSTRACT

This thesis consists of three essays concerning money supply growth, one of the main
objectives in monetary policy, and economic growth. The aim of this work is to investigate
the role of money in monetary policy and how money supply and seigniorage impact on
output growth. The findings are derived from theoretical models and modern econometric
techniques. First of all, I shall evaluate the role of money in the conduct of monetary policy
in South Korea. This research analyses the effect of monetary aggregates on prices and output
and examines its transmission mechanism using recursive and non-recursive vector
autoregressive models. The expansionary monetary policy shocks have substantial effects on
output. Specific channels of the transmission operate through the effects which monetary
aggregates have on banking lending, stock prices, exchange rates and investment, export, and
government consumption. Then, a cash-in-advanced model and human capital based
endogenous growth model is developed. Through employing Bayesian maximum likelihood
estimation, a positive money shock is created leading to an increase in seigniorage, which
also has a positive impact on output growth. This is because there is a growth-enhancing
effect from human capital production since seigniorage is spent by a government on public
education. | shall show that money within the model also generates a connection between
seigniorage and inflation. However, in the long run, the theoretical model also captures the
adverse effect of seigniorage due to inflation so that I shall examine the existence of
threshold effects between seigniorage and growth in developing countries using Hansen
(1999)’s panel threshold methodology. The threshold level of seigniorage above which
seigniorage significantly slows output growth is set at 2.27%. This thesis confirms that
money supply and seigniorage have a substantial impact on output so that money is an

important factor to be considered in the architecture of macroeconomic policy.
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Chapter 1

Introduction



1.1 Introduction

“The privilege of creating and issuing money is not only the supreme prerogative of
Government, but it is the Government's greatest creative opportunity. By the adoption of
these principles, the long-felt want for a uniform medium will be satisfied. The taxpayers will
be saved immense sums of interest, discounts and exchanges. The financing of all public
enterprises, the maintenance of stable government and ordered progress, and the conduct of
the Treasury will become matters of practical administration. The people can and will be
furnished with a currency as safe as their own government. Money will cease to be the master
and become the servant of humanity. Democracy will raise superior to the money power.”

(Lincoln, 1865, P.91)

Monetary policy refers to the action a central bank takes when it attempts to achieve a
particular macroeconomic goal. For instance, the aims of monetary policy in the Federal
Reserve Act of 1913 were to stabilise prices, maximise employment and moderate long-term
interest rates. The formation of monetary policy involves determining the size and rate of
money supply growth and influencing the demand for money. If the central bank increases
the size of the money supply, the policy is regarded as expansionary. On the other hand, a
contractionary monetary policy attempts to slow down the expansion of the money supply.
In order to modify the amount of money, particularly monetary base, in circulation, there are
various types of monetary policy such as the inflation targeting, the monetary targeting, the
fixed exchange rate, the floating exchange rate, exchange rate targeting and price level

targeting.

Money or credit supply and interest rates are two major monetary policy tools. Over recent
decades, monetary policy has been changed especially from the quantity of money in the

economy to inflation targeting. In the 1980s, several industrialised countries, such as the



United States, Canada and the United Kingdom, adopted the policy of monetary targeting.
The money targeting regime believes that price growth is influenced by money supply growth.
However, in the US, deregulation and the Monetary Control Act of 1980 made the policy
makers focus on the empirical links between the existing monetary aggregates and the
economy. An empirical monetarist model demonstrated the relative stability of velocity over
the post-war period (Rasche, 1972). However, unexpected and large movements in velocity
reduced the accuracy of the monetarist model in the 1980s. In light of these events, policy
makers quickly turned to inflation targeting. A central bank controls the federal funds rate to
achieve policy goals. In inflation targeting policy, the Taylor rule adjusts the interest rate with
regard to shifts in the inflation rate and the output gap. In this framework, monetary

aggregates are endogenous and play a minimal role in the conduct of monetary policy.

1.2 Research Motivation

Substantial controversy persists regarding the role of money in the design of monetary policy

strategies (Kahn and Benolkin, 2007). Two sets of issues will motivate my investigation.

First, the current financial crisis has led to a return to debates on the role of money in the
formation of monetary policy. The recent crises have shown that monetary policy based on
the interest rate rule may not be very effective in stabilising the economy. A lesson from the
crises is that price stability and interest rate policy are not enough to achieve financial
stability (Svensson, 2013). Monetary policy should be conducted taking the financial stability

policy and the role of money into account.

The standard New Keynesian model assumes that financial markets work perfectly however

the recent financial crisis has revived attention in business cycle models with financial



frictions. The financial crises of 2008 have highlighted the importance of addressing new
questions regarding the conduct of monetary policy, along with the relevance of the
transmission mechanism. Bean et al (2010) and Mishkin (2010) mentioned that the lack of
financial stability could have a negative impact on price stability. In addition, central banks
set the macro prudential policy inspired by Crockett (2000). This intends to identify risks to
systemic stability that it can reduce the cost to the economy from a disruption in financial
services that support the workings of financial markets (IMF 2013). To my knowledge,
nevertheless, few papers explore the role of money and the transmission mechanism of

money empirically.

Hence, policy makers started to reconsider the role of money in monetary policy. For instance,
in response to the financial crisis in 2008, developed countries such as the United States,
United Kingdom and Japan launched quantitative easing (hereafter referred to as QE). QE
policies include increasing the money base through asset purchases and lending programmes.
In addition, the European Central Bank has adopted the two-pillar monetary policy strategy
(Angeloni et al., 2000). The two-pillar approach describes two complementary perspectives
with regard to the determinants of inflation. The first pillar emphasises the monetary analysis
and the second one stresses the economic analysis. The first pillar is a reference value for a
single monetary aggregate, M3. This implies that money matters in shaping current thinking
regarding the conduct of monetary policy. This aims to detect the medium to long-term risks
to price stability. The second pillar identifies the short to medium-run risks by analysing real
activity and financial conditions in the economy. It represents how the interplay of supply
and demand in the services, goods and factor markets influence the price developments in the
medium-term. The two-pillar approach attempts to focus on different perspectives without
neglecting relevant information and this cross-checking enables policy makers to lead an

overall analysis on the risks to price stability.



The current events motivated me to set up the benchmark model. It includes output, prices,
short-term interest rates, commodity prices and monetary aggregates. Following the New
Keynesian approach, money is set after the interest rate as the identification imposes that
money shocks have no effect on any other variable other than money itself and commodity
prices. This helps me to examine if money has a role in determining the output and inflation

as suggested by Woodford (2003).

Second, in the quantity theory of money, the expansion of the money supply leads to inflation.
If the velocity of the money is stable over time’, there is a positive relationship between
money and inflation. This means that the real wealth of the money holder decreases while the
wealth of the money issuer increases. This is very similar to a tax as there is a redistribution
of wealth from people to the issuers of money. This inflation tax can be seen as seigniorage,
one of the government’s revenues. Seigniorage is the net revenue from issuing fiat money.
This is the difference between the face value of fiat money and the cost of producing it. This
made me think that, if revenues are used to finance government services that have an effect

on economic activities, the money supply may have a crucial role in output growth.

1.3 Aims and Objectives

Even though monetary aggregates have seemed to be non-crucial in the formulation of
monetary policy since the 1990s, | consider this as a weakness in the actual monetary debate.
It is a central argument in this thesis that the money growth affects output growth
significantly. This research, hence, aims to explore and analyse how the money supply

impacts on economic growth by using both theoretical and empirical approaches.

! However empirically the monetary velocity does not stay unchanged, as there was an unpredictable drop in the
US velocity during 1980s. More detailed information is in section 2.3.5.

5



In order to fulfil these aims, the following objectives were formulated:

to discuss the role of money in monetary policy;

- to explore the transmission mechanism through which money supply impacts on the

output level,

- to develop an understanding of the concept of seigniorage regarding the money supply;

- to assess the effect of seigniorage on output growth when the government spends on

public education;

- to assess the effects of money growth on seigniorage and output growth in the short

run,

- to identify the benefits and costs in the economy from seigniorage;

- to critically examine and evaluate the possibility of non-linearity in the seigniorage-

output growth relationship;

It will be helpful to know that money supply impacts on economic growth for the formulation
of macroeconomic policies. The results of this study provide strong theoretical and empirical
support for this view. Policymakers and scholars over recent decades have argued that money
has a minimal role. However, the research confirms that it is necessary to undertake a cross-

check between the optimal model-based interest rate policy and monetary aggregates as the



money has a real effect on output growth. In order to reveal the transmission mechanism from
money growth to economic growth, the main focus of this research is on the model between
interdependence of monetary and fiscal policy due to the government budget constraint.
Money supply growth and seigniorage can have real effects and the final empirical finding
identifies the level of seigniorage that should not be exceeded in the selected developing
countries. Considering that there has not been any significant research attempt in the field in
the last decade regarding the role of monetary aggregates and, in particular, seigniorage in
monetary policy, this research should be considered as an important, yet humble, contribution

to the existing body of knowledge on monetary policy.

1.4 Outline of Thesis

The thesis comprises three main chapters in total. Figure 1.1 demonstrates the structure of the
thesis and how the main chapters contribute to the thesis’s objectives that are being

investigated.

The second chapter is devoted to examining the role of money in monetary policy. First of all,
| shall review the role of money in terms of monetarism and New Keynesianism over recent
decades. The first empirical test examines the role of money in output and prices in South
Korea over the last 30 years. This will be contrasted with New Keynesian policy, which
asserts that money has no effect on output and inflation; I allow the money supply to enter
into the monetary policy rule. The benchmark model includes output, prices, short-term
interest rates, commodity prices and monetary aggregates in order to examine if money has a

role in determining output and inflation.



In order to examine the empirical models, recursive and non-recursive Vector Autoregressive
(hereafter referred to as VAR) approaches are adopted. In the recursive VAR model, shocks
to money can be identified with money ordered last using South Korean data over the period
from 1981 to 2012. In the non-recursive VAR model, more general contemporaneous
interactions among variables are available. In this case, the restriction that the interest rate
does not respond to monetary base within the period is dismissed. The results are reconfirmed
by a robust check such as replacing the alternative variables or using another simple
methodology such as the Granger-causality test. Contrary to the New Keynesian model
investigated by Woodford (2003), | found that money shocks significantly affect the dynamic
behaviour of output. This is in line with Favara and Giordani (2009)’s work that observed the

money role in US on output.

After investigating the role of money in the benchmark model, | shall examine the
transmission mechanism of the money supply. Monetary transmission is a complex topic as
there are many channels through which money supply operates (Mishkin, 1996). Decisions
about money supply have an impact on economic growth through several channels, known as
the transmission mechanism of monetary policy. One of the primary goals of central banks
now is the pursuit of financial stability (Willem, 2007). This requires them to pay attention to
the key services that the financial markets provide to the real economy. Injecting money into
the economy may also impact on the spending and investment behaviour of economic agents.
Therefore, this transmission mechanism will be explained in terms of financial and non-
financial variables. Each financial and non-financial variable will be added to the benchmark
model. The quantitative effect of a change in the money supply is transmitted to the financial
market. The changes in money supply affect banking lending, exchange rates, long-term
nominal interest rates and stock prices. A money supply shock increases banking lending by

0.02%. The nominal exchange rate immediately goes up to 0.02% after a money shock. A



money shock causes the stock prices to increase by 0.09%. Then, these changes in turn affect
the trade (export and import), investment behaviour of individuals and firms and government
spending in the economy. There is an increase of 0.04% in imports after a shock to money.
The money supply shock increases the investment by 0.02%. After 7 quarters government
consumption is increased by 0.02% in response to a money supply shock. Most of the results

are similar to the monetary policy committee report (Bank of England, 2012).

After the confirmation of the role of money in monetary policy, | shall examine the
transmission mechanism from money growth to economic growth incorporating fiscal policy.
Numerous pieces of literature have argued that money growth is highly related to
seigniorage?. Hence, the third chapter explores the effect of money supply growth and
seigniorage on output growth. Firstly, | shall review the existing literature of different
economic theories and approaches to money supply, seigniorage and government spending.
This provides an idea about the relationship between money supply and seigniorage as well

as the effect of government spending on output.

The ideas gained from the literature review contribute to developing a cash-in-advance model.
The starting point for our theoretical analysis is Lucas’ (1988) endogenous two-sector growth
model incorporating the cash-in-advance model and government spending into the human-
capital production function. There are three types of economic agents, which are households,
firms and the government. In this model, the agent purchases the consumption goods with
cash. The government spends its revenue from printing money and tax revenue on education.
After demonstrating each agent’s condition, the competitive equilibrium and the balance

growth are conducted and short run equations are presented.

2 See section 3.2 for more detailed information.



In order to solve a dynamic stochastic general equilibrium model, a log-linear approximation
of equilibrium is performed using dynare programme. | shall attempt to estimate the role of a
money shock in the short run using a likelihood-based Bayesian estimation. The Bayesian
estimation enables us to find the posterior distributions of parameters using both the
calibration method and maximum likelihood estimation. Using US quarterly data from 1960
to 2007 as observable variables and prior distribution for structural parameters, | shall obtain
the posterior distributions for the parameters of the model. My aim is to give the posterior
means of the estimated structural parameters in the baseline model. | shall then examine the
responses to the three shocks, a positive physical capital technology shock, human capital
technology shock and a money shock for the first ten years. In particular, | aim to observe
how a positive monetary level affects output, seigniorage, and inflation in the short run. The
result shows a positive money shock leads to a positive seigniorage that is one of the
revenues of government spending on education and an inflation rate. In contrast to Basu et al.
(2012) and Gillman (2005), a positive monetary shock leads to a positive impact on output
growth. Following Lucas (1988), the growth of human capital shocks leads to a growth of
output in this model. This concludes that the positive money shock increases output growth

through the public education spending financed by seigniorage.

The fourth chapter of the thesis examines the nonlinear relationship between seigniorage and
economic growth. Based on the theoretical model in chapter 3, a dynamic stochastic general
equilibrium model infers how a change in seigniorage impact on output growth. The effect of
seigniorage in the short run is positive on output growth. However, the long-run impact of
seigniorage is not clear. The balanced growth equation in chapter 3, infers that the effect of
seigniorage on output growth may have two opposing effects. One is a growth-enhancing
effect and the other is a diverse effect on output growth. The nonlinearity in the short run may

exist, which | could not explore due to the log-linearised model. In order to explore the
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nonlinearity between the seigniorage and output growth, empirical analysis using cross-

country-data is conducted.

First, the preliminary analysis is examined to provide some general ideas of seigniorage rates
and output growth in 70 developing countries over the period from 1994 to 2006. Second, the
standard quadratic model is explored. However, the quadratic function form has some
shortcomings. It has to know the shape of non-linearity prior to the estimation and the

conventional gradient search techniques cannot be adopted, as the threshold level is unknown.

Therefore, I employ the advanced econometric methodology which is Hansen’s (1999) panel
threshold model. This enables us to find the number of seigniorage thresholds, the
seigniorage threshold value, and the marginal impact of seigniorage on output growth in
different regimes. This methodology can be applied even when the asymptotic distribution of
the t-statistic on the threshold variable is non-standard. The result confirms that there is a
single threshold level. 2.2715 %. The seigniorage has a positive impact on economic growth
up to 2.2715% and negative impact beyond the threshold level in developing countries.
Agenor and Neanidis (2006) presented that there is a positive relationship between public
expenditure on economic growth. And seigniorage is crucial government revenue in
developing countries since the finance system is not developed. This may indicate that
productive government spending causes a positive effect of seigniorage on output. There is a
negative effect of seigniorage on output as higher inflation owing to deficit financing causes a

substantial welfare cost on the real balances of money holders (Friedman, 1971).

In order to check the robustness, a model with instrumental variables is developed by Bick
(2010) is followed. Instrumental variables are one lag of government spending, Investment,
Trade Openness and Initial Income.

The fifth chapter presents a summary, conclusion and recommendations.
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Chapter 2

Does Money Really Play No Explicit Role in
Monetary Policy? : The Case of South Korea

Abstract

Most New Keynesian approaches ignore the role of money in the conduct of monetary policy
and construct the transmission of a short-run dynamic model through interest rates. | shall
examine the role of money in output and prices and its transmission mechanism, based on the
Recursive and Non-Recursive Vector Autoregressive methodology. To ascertain the
transmission mechanism, financial and non-financial variables are included in the VAR
system. The results confirm that money has a substantial role in terms of output in contrast
with the New Keynesian approach. In relation to the transmission, a money supply shock has
a positive impact on the aggregate output through bank lending, exchange rates, stock prices,

exports, imports, investment and government consumption channels.
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2.1 Introduction

In recent years, monetary policy has focused more on the use of one instrument, the short-
term interest rate without any reference to money. The money is redundant in monetary
policy once the short-term interest rate is present. However, concerns about the ease with
which money is dismissed have emerged and the question of the role of monetary aggregates
in the economy has been of great interest to the profession.® For example, the European
Central Bank considers a prominent role for money and monetary analysis in its two-pillar
monetary policy strategy and some countries, such as Japan and the U.S., have embarked on

Quantitative Easing (QE)* in order to boost their economies.

When both inflation and unemployment were increasing in the United States in the 1970s,
monetarism rose to prominence. One of the key points of monetarism is that money supply is
the tool for the anti-inflationary policy and setting market expectations. Monetarism obtained
full attention from policy makers. Both the Federal Reserve and Bank of England stated in
the late 1970s that monetary policy would be set not by targeting interest rates but by
targeting the aggregate money stock (Volcker and Gyohten, 1993). Paul Volcker, a former
chairman of the Federal Reserve in 1979, limited the growth of the money supply after
interest rate targets for monetary policy were abandoned in order to tackle the higher inflation
rate because of high oil prices and the failure of the Bretton Woods. It turned out that the
changes in money supply helped to reduce the inflation rates from double digits to single

figures.

However, targeting monetary aggregate policy during Volcker’s period of disinflation led to a

recession in the economy. In order to tackle the high inflation, monetary policy was tightened

® Friedman (2003) and Goodhart (2007).
* Quantitative Easing is the policy utilised to increase money supply by purchasing government securities and
flooding financial markets with capital, which leads to an increase in lending and liquidity.
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which led to an increase in interest rates. Higher interest rates discouraged investment which,
in turn, affected output growth. Since the fall in output in the early 1980s, a short-term
interest rate has been set by many central banks® relative to output and prices without
specifying money. This New Keynesian model of monetary policy has become the principal
model in monetary economics ®. An optimal interest rate policy should be considered based
on inflation forecasts but without monetary aggregates. ‘Monetary policy without money’ is a
concept widely accepted as clearly demonstrated in the following words by Mervyn King, the

former governor of the Bank of England.

“Nowadays monetary aggregates play little role in monetary policy deliberations at most
central banks.” In discussing this a few years ago, Mervyn King of the Bank of England
noted that then-Bank of England Governor Eddie George had mentioned money only one
time out of 29 speeches given over the previous two years, and that then-Fed Chairman Alan
Greenspan had only mentioned money once in 17 speeches given over the same period.
Moreover, he quoted then-Fed Governor Larry Meyer as stating that ““...money plays no
explicit role in today’s consensus macro model, and it plays virtually no role in the conduct

of monetary policy.” (King, 2003, p. 162)

In line with this recent debate on the role of money, this chapter will address the following

two questions:

(1) Does money play a role in the dynamics of output and prices in South Korea?

(2) What is the transmission mechanism through which the money supply affects the

output level in South Korea?

> These include the central banks of New Zealand, Chile, Canada, Israel, Sweden, Finland, Spain and Australia
® Rotemberg and Woodford (1997), Goodfriend and King(1997) and Woodford (2003).
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In order to answer the first question, two theoretical paradigms, Monetarism and New
Keynesian economics, in monetary policy should be reviewed. From the perspective of
monetarism, money supply has a major impact on output in the short-term and price in the
longer term (Friedman (1952); Cagan (1987)). This indicates money as being neutral in the
long run. Since money has an important role in the conduct of monetary policy, monetary
targeting set the objectives of monetary policy during the 1970s. However, because of the
instability of velocity, central banks shifted from monetary targeting to inflation targeting.
According to the New Keynesian approach, the money supply is endogenously determined so
that central banks supply money in order to meet the interest rate (Woodford (2003); Ireland
(2004)). In spite of an insightful monetary model investigated by Woodford (2003),
numerous examples in the empirical literature demonstrate that money plays an important
role in the economy. For example, Nelson (2003) showed that money is a significant element
of aggregate demand in the U.S and the U.K. even though they controlled short-term interest
rates. Leeper and Rousch (2003) argued that controlling the interest rate was based on money,
rather than on output and prices, and thus enhance the identification of monetary policy
shocks. Moreover, the inclusion of money within monetary policy eliminates the price and

liquidity puzzles.

In order to gain an insight into the situation underlying the money supply, | have investigated
the correlation between money growth, GDP and inflation using annual data taken from
South Korea over the period 1970 - 2012 from OECD, World Development Indicator and
IMF International Finance Statistics. | shall show that there is a positive relationship between
the growth rate of GDP and money growth. The correlation between real MO growth and real
GDP growth for South Korea is 0.418 at the 1 % significance level and using M2, the annual

correlation is 0.681 at the 1% significance level. The money-inflation relationship is also
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positive as the average correlation between MO and inflation is 0.265 at the 10% significance

level whilst the correlation between M2 and inflation is 0.685 at the 1% significance level.

Table 2.1 Correlations between Money Supply, GDP and Inflation

MO M1 M2

oDP 0.418%** 0.557%** 0.681%*
(0.006) (0.000) (0.000)

nflation 0.265* 0.440%** 0.685%**
(0.094) (0.003) (0.000)

Note: P-values are given in parentheses, */**/*** indicate the 10%/5%/1% significance level. M is the money
growth and all variables are measured as logarithmic first differences.

When using the larger measure, a higher correlation is observed. It shows that the choice of
the monetary aggregate has some effects on the correlation test outcome. Table 2.1
demonstrates a positive correlation exists between these variables, so that money seems to

matter in policy.

Figure 2.1 Real GDP Growth and Real Money Supply: South Korea
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Figure 2.2 Inflation and Money Supply: South Korea
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Figure 2.1 plots the annual growth rate of money and GDP. Figure 2.2 shows the annual rate
of money and inflation in South Korea. We can observe a similar movement between money
growth and GDP growth excluding the period of the Asian financial crisis in 1997. When
GDP growth and inflation are relatively high (low), this appears to coincide with periods
where the money supply growth is relatively high (low). The main exception is the period
from 1998 onwards, during which the money supply is volatile while GDP growth and
inflation rates are quite steady. Although there are several periods when the growths in the
two variables do not seem to be strongly related, overall there is a positive correlation

between money supply, output growth and inflation.

These questions have long been discussed, but remain controversial. In order to resolve these

ambiguous questions, | first estimate a minimal Vector Autoregression (hereafter referred to
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as VAR) model, which consists only of output, prices, short-term interest rates, commodity
prices and monetary aggregates using South Korean data for the period 1981-2012. South
Korea has been chosen because its experience of economic growth has been different from
other countries. Over the last four decades, South Korea has shown astonishing GDP growth
by allowing its government to interfere significantly with the control of the bank reserve ratio,

and money supply (Cho, 1989).

Since a rigorousness test the information content of money supply is needed, I shall conduct
an econometric analysis based on both the recursive and non-recursive VAR methodologies
in this chapter. | shall test the theoretical prediction that money supply is irrelevant by means
of impulse responses of all variables in the VAR. VAR enables us to identify the economic
shocks or causes in a system of equations, where each equation includes lagged values of all
the variables. The results indicate that money does affect output, and that it has a crucial role.
In order to check the robustness of these models, | shall replace alternative variables. | shall
use M1 instead of MO, which confirms that a broad monetary aggregate also has an impact on

output.

A change in the money supply has a lagged impact on the economy. However, it is unclear
exactly how impulses are transmitted to the output level in terms of a money approach policy.
| shall next add several financial and non-financial variables to the above-five-variable VAR
to investigate the transmission mechanism of the money supply. Money may also have an
indirect effect on output through other variables. The financial variables that | shall consider
are bank lending, exchange rates, long-term nominal interest rates and stock prices. The non-
financial variables are exports, imports, investment and government consumption. From these
six-variable VAR estimations, | shall argue that money supply has an effect on output

through lending by banks, stock prices, exchange rates, exports, imports, investment, and
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government consumption channels. The main channels of money supply transmission are set

out in a simplified form in Figure 2.3.

Figure 2.3 The Transmission Mechanism of Money in South Korea
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Overall the main aim of this chapter is to examine the role of the money supply in South
Korea over the period 1981-2012 with advance econometric techniques. There are two
differences between existing studies and this chapter. Firstly, most studies which examine the
role of money deal with developed countries such as the U.S. and the U.K., but studies
focusing on a newly developed economy, such as South Korea, are relatively rare. Secondly,
two different policy reaction functions are considered using recursive and non-recursive VAR
to examine the role of money. Thirdly, the analysis of the transmission mechanism of money
supply is added in this chapter. The answer to the question which is posed in this chapter lies

in whether it is useful to discuss the role of money in monetary policy.
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This chapter is structured as follows. Section 2 provides the motivation for this chapter.
Section 3 reviews a theoretical and empirical overview on the role of money in the economy.
Section 4 introduces data and methodology. Section 5 presents the empirical framework of
the recursive and non-recursive VAR analysis and performs a robustness check and section 6

presents the conclusion.

2.2 Motivation

In order to conduct a preliminary analysis regarding the role of money, bivariate Granger-
causality tests are carried out. The examination is done by the standard Granger procedure
with 5, 3, and 7 lags based on log differences of the representative variables’. | employ
quarterly South Korean data covering the period from 1981:01 to 2012:04 from the Bank of
Korea. Notice that money growth, interest rate and output growth in South Korea are

stationary. Three bivariate causality tests are conducted. Table 2.2 shows the first test

between money growth and output growth X, =(AM,AY ). Table 2.3 presents the Granger-
causality test between interest rate and output growth X, =(AR,AY). The last Table 2.4

demonstrates the relationship between money growth and interest rate X, =(AM,AR). |

report p-values for the null hypothesis that an independent variable does not Granger-cause

dependent variable.

This clearly suggests that money growth does Granger-cause output at the 10 % significance

level. However, output growth does not Granger-cause money growth. There is a

" Money growth (the growth of monetary base), Real GDP output growth, and short-term interest rate.
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unidirectional Granger-causality running from money growth to output growth. This result is
similar to Sims (1972)’s arguing that money Granger-causes output, but output does not
Granger-cause money. Interest rates Granger-cause output at the 1% significance level and
output also Granger-causes interest rates at the 10% significance level. Moreover, money
growth Granger-causes interest rates at the 10 % significance level but interest rates do not

Granger-cause money growth.

The New Keynesians postulated that money supply endogenously reacts to an increase in
interest rates and output so that monetary expansion will have no effect on output. However,
in contrast to this view, the Granger-causality tests confirm that the past values of money
growth helps to predict the current values of output growth and interest rates. The results of
Granger-causality tests serve to answer the primary question of whether money impacts on
output and interest rates but it is not clear since the Granger-causality test has a few
drawbacks 8. I will employ a recursive and non-recursive VAR model, to which the policy

reaction function can be applied in order to analyse the role of money further.

Table 2.2 Granger-causality Test: Money and Output

Null Hypothesis F P
X, =(AM,AY)

Money growth does not Granger -cause Output growth 2.00619 0.0833*

Output growth does not Granger -cause Money growth 0.63107 0.6764

Notes: One (two, three) stars indicate statistical significance at a level 10% (5%, 1%). F indicates F-statistics
and P is probability. Lags: 5

& More discussion about a pros and cons of Granger-causality, see Granger (1980).
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Table 2.3 Granger-causality Test: Interest Rate and Output

Null Hypothesis F P

X, =(AR,AY)
Interest rates do not Granger-cause Output Growth 6.04657 2.E-05***
Output growth does not Granger-cause Interest rates 1.86558 0.0934*

Notes: One (two, three) stars indicate statistical significance at a level 10% (5%, 1%). F indicates F-statistics

and P is probability. Lags: 3

Table 2.4 Granger-causality Test: Money and Interest rate

Null Hypothesis F P
X, =(AM, AR)

Money growth does not Granger -cause Interest Rates 2.01937 0.0594*

Interest rates do not Granger- cause Output growth 0.77675 0.6081

Notes: One (two, three) stars indicate statistical significance at a level 10% (5%, 1%). F indicates F-statistics

and P is probability. Lags: 7

2.3 Literature Review

There are two different perspectives in terms of the conduct of monetary policy. One way of
achieving the long-run inflation goal is to determine an appropriate money supply growth and
another approach is to set short-term interest rates. The role of money in the macroeconomic
theories between 1930 and 1960 was negligible since the dominant view following the Great
Depression was fiscal policy (Hafer and Wheelock, 2001). From the early studies of
Friedman (1956) and Warburton (1966), the role of money in the 1960s and 1970s received
full attention from economists. Before the 1990s, the money approach was widely accepted.

However, the status of money in both theoretical macroeconomics and the practical formation
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of monetary policy have been considerably downgraded over the past two decades. There has
been a shift in the conduct of monetary policy from monetary targeting to inflation targeting

and interest rate (Taylor Type) rules.

However, in recent times, some central banks such as those in the U.S., the U.K. and Japan,
seem to have shed light on the role of money in the conduct of monetary policy by
introducing Quantitative Easing (QE). For example, the U.K. undertook asset purchases
financed by the central bank between March 2009 and February 2010 which boosted the
broad money supply by around 8% (Bridges and Ryland, 2012). In addition, the European
Central Bank (ECB) gives monetary analysis an important role in the formulation of
monetary policy. The ECB introduced its two-pillar concept of policy-making in 1999. The
first pillar is monetary analysis, which furnishes a prominent role to money and credit
aggregates and the second pillar is economic analysis. In this section, | shall review how the
monetary policy in South Korea has changed and how the view of the role of money has

developed.

2.3.1 History of Monetary Policy in South Korea

In terms of the conduct of monetary policy, the Korean economy can be divided into three
different economic environments over the last 50 years. The first period (1965-1990)
represents the start of the five decades of high economic growth. Under the nation-wide
economic development programme, the monetary authority played an important role in
financing the government and constraining the conduct of monetary policy. Until the late
1980s, in particular, the Bank of Korea depended on reserve requirements in order to control
its money supply. For instance, the financial market was not developed enough and the Bank

of Korea set the reserve ratio in the banking sector as high as 11.5 % at the end of the 1980s.
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In addition, the Bank of Korea was highly reliant on manipulating the money supply since the
financial markets remained underdeveloped and there was a huge demand for funds (Kim and
Lee, 2011). The second period (1990-1998) is considered as the liberalization of the financial
system. As the government selected the financial liberalization policy, reserve requirements
for demand and time deposits decreased by 7 % in 1996 and decreased by 2 % in terms of
time deposit. This also increased the ratios of M1 and M2 to the monetary base. However, the
pace of liberalization turned into a shock, which caused South Korea to suffer from the Asian
financial crisis. The third period is considered as an open macro-economy. The Bank of
Korea adopted inflation targeting, the call rate and an increase in the exchange rate flexibility.
The history of Korean monetary policy is a good illustration of the various roles of monetary
policy tools with evolving economic conditions. Until recently, South Korea has shown
astonishing GDP growth by allowing its government to interfere significantly with the control
of the bank reserve ratio, and money supply. Since its experience of economic growth has
been shown to be different from other developed countries, it can be a good case study to
investigate the role of money in the conduct of monetary policy. This can also be a useful

guide for other developing countries.

2.3.2 Definition of Money

Firstly | define what money is. The term money can be understood in terms of its three uses

in the economy (Jevons, 1898): a medium of exchange, a unit of account and a store of value.

First, it is used as a medium of exchange or means of payment. Money is needed because of
trading costs and frictions along with transactions at different times in a variety of markets.
Money satisfies the so called double coincidence of wants by reducing the effort to seek

individuals who wish to exchange one particular item for another.
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Second, it is a unit of account. Money is used as the standard for designating the prices of
goods in the economy. A unit of account means that money performs as the measuring unit

for prices. Prices of goods are defined in terms of the monetary unit.

Third, it has a store of value role. Money is used as a means of postponing the pleasure of
consuming goods until a later time. We obtain the value when a good is consumed for our

needs and wants. We can store the value from consuming goods by holding money.

Money has several components such as cash and deposits with the banking system. Note and
coin reserves held for commercial banks at the central bank is generally referred to as a
monetary base or narrow money. Broad money includes demand deposits at banks, building

societies and time deposits.

2.3.3 Monetary Policy Instruments

There are direct and indirect ways of controlling the money supply by central banks. Central
banks control the money supply directly through reserve requirements. This requires banks
and other depository institutions to hold in reserve and not let out. A decrease in the reserve
requirements enables banks to lend out, which can expand the supply. One of the indirect
ways to control the money supply can be through the setting of interest rates. Central banks
print the exact amount of money to meet the interest rates. Currency board is another
monetary policy tool, used by central banks which are required to keep a fixed exchange rate

with a foreign currency.

Others are unconventional monetary policies such as quantitative easing and steering market
expectations through forward guidance. In particular, the recent financial crisis led monetary

authorities in developed economies to undertake quantitative easing. Central banks generally
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print money in order to inject into an economy through purchasing different types of assets
and bonds. It is adopted when conventional monetary policies fail to stimulate the economy.
For example, the Federal Reserve printed money to purchase long-term bonds. Then, the
price of a bond will go up while the yield goes down, as there is a negative relationship
between the price of a bond and its yield. When all types of long-term interest rates in sectors
such as housing and machinery decrease, the long term spending will gear up which helps in
boosting the economy. QE tries to depress mainly long-term interest rates and target the
quantity of money to be supplied to the economy. Another approach in the unconventional
monetary policy is forward guidance that enables central banks to influence market
expectations on future interest rate (Eggertsson and Woodford, 2003). When there is zero
lower bound on interest rates, central banks can use forward guidance to show its intention to
keep the interest rate at the current level for a certain period in the future. Forward guidance

infers a will to affect future inflation rates (Dale and Talbot, 2010).

2.3.4 The Role of Money in Monetary Policy : Monetarism

Fisher (1911) first developed the quantity theory of money which is a basic theoretical
description for the relationship between money and prices. This is also known as the equation
of exchange and an identity that relates total aggregate demand to the output. The equation of

exchange can be written as:

M, xV, =R xQ, (2.2)

where M, is the money supply, V, represents the velocity of circulation of money, P, is the

price level and Q,is the real value of output. The velocity of circulation is the number of

times that a unit of currency is spent on goods and services in a given period of time. Given a
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particular value of the money supply, the velocity can be calculated. If the velocity of
circulation of money is stable over time °, the money supply will determine the nominal
spending. In other words, the growth rate of the money supply can help policy makers to

predict the short-to medium term outlook for output and inflation.

This quantity theory of money directly links to Monetarism. The growth rate of the money is

highly related to the economic activity, including changes in prices and income.
Mt :tht :kt(Ptyt) (2.2)

where M, is the nominal money stock, k, represents the people’s desired ratio of money
holdings to nominal income, and Y, is nominal income. Nominal income Y, is the product of

P prices and y, real income. k, implies the behavioural relationship between the nominal

money stock, nominal income and prices *°.

In the basic theory of monetarism, it is assumed that the real outputs may be influenced by
the rate of productivity growth or capital stock but not by monetary variables. If k, and the

real output are treated as constants, changes in the money growth will be equal to changes in
the price level. Monetarists believe that inflation is a monetary phenomenon and a
consequence of monetary policy controlled by the money supply through changes in the
monetary base. This stems from the quantity theory, which explains that constant increases or
decreases in the prices occur along with the growth rate of money adjusted for long-term

output and velocity trends. In terms of this theory, the role of monetary aggregates in the

® The velocity is related to transactions technologies in a long term. If there is a growth in using credit cards, this
will allow a money stock to support more transaction which leads to a higher level of spending and velocity. If
transactions technologies develop gradually over time, velocity will be more likely stable and predictable.

' The equation (2.2) can be viewed as the money demand function if M, is the nominal stock of money balances

demanded by people. If money balances demanded is equal to the money supply and kt is constant, Yt can be
predicted given the amount of M, .
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formulation of monetary policy is important. For instance, the Federal Reserve in the US put
emphasis on the role of money when Chairman Volcker tried to overcome the great inflation

in 1979.

In terms of the relationship between money and inflation, a rise in the growth rate of the
money supply followed by a rise in the inflation rate leads to a decline in the return on non-
nominal-interest-bearing money. Hence the real money demand decreases and people tend to
avoid holding money and to re-allocate their asset holdings to real assets. This change in
money demand can have an impact on nominal interest rates on loanable funds so that real
interest rates can be shifted because of the combined changes in the inflation rates and the
nominal interest rates. This also may lead to changes in expenditure on consumer goods and

physical capital .

Several empirical assessments found that money has an impact on prices and outputs. Stock
and Watson (1989) concluded that money helps to predict the fluctuations in output and
Altimari (2001) found that money is also the leading indicator in the Euro area. In this paper,
the broad monetary aggregate appears to be a leading indicator for price development.
Trecroci and Vega (2000) found that money helps to predict future inflation using the

Conen/Vega money demand framework.

As noted by Aiyagari et al. (1998), the quantity of money can influence the size of
transactions costs in the goods and services markets and in the financial markets. The money
supply can impact on outputs through enhancing the balance sheets at banks. The base money
moves many months before the broader and credit based measure of the money supply. For

instance, changes in the monetary base lead to changes in deposits, which affect the amount

! Mundell (1963), Cargill and Meyer (1977), Levi and Makin (1979) and Fried and Howitt (1983).
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of banking lending. In this view, the central bank can control the size of the monetary base at

will and this has an impact on bank’s lending and hence influences outputs.

2.3.5 Vanishing Money : New Keynesianism

The instability of the relationship between monetary aggregates and inflation or nominal
income makes monetary targeting problematic. The instability of the money-inflation
relationship has been found in Germany and Latin America (Estrella and Mishkin (1997);
Mishkin and Savastano (2000)). The velocity of money has been shown empirically not to be
stable and predictable for the money supply as the quantity of money states. This can be
changed in terms of people’s behaviour in their handling of money. During the 1980s and
early 1990s, the belief on the relationship between money supply growth and the growth rate
of inflation was broken because of the unpredictable drop in the US velocity. For instance,
Basu and Dua (1996) found that there is a non-stationarity of the income velocity of
circulation, which leads to an unstable money demand function. The weak relationship
between money and nominal income infers that monetary targeting will not draw the desired
outcome for inflation. Monetary targeting owing to the unstable relationship between
monetary aggregates and inflation and nominal income makes it difficult to serve as the
transparency of monetary policy. This eventually leads central banks to place less importance

on the role of money in the conduct of monetary policy.

Because of the unexpected and large shift in velocity in the early 1980s, deregulation of the
banking system and financial innovation, monetary aggregate as a policy tool lost their appeal
to the policy makers. Inflation targeting has been the preferred way in monetary policy. The
theoretical basis of inflation targeting is commonly known as New Keynesian Model (Clarida

et al.,, 1999). Using an alternative approach to overcome instability from the monetary
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approach, policy makers have controlled inflation through current and future short-term
interest rates. Taylor (1993) found that the conduct of monetary policy can be well-explained
by movements in the federal funds rate to deviations in inflation from the target rate and

deviations in real output growth from potential output growth during the period 1987-1992.

Taylor (1993) developed a model in which the interest rate can be systematically determined
by observing the output gaps and inflation gaps in order to diminish the fluctuations in
aggregate economic activities. Kerr and King (1996) showed that optimal interest rate policy
can be determined with reference to output gaps and inflation forecasts without reference to
monetary aggregates. This trend of vanishing money in the formation of monetary policy has
been in central bank practice. Nowadays most central banks do not pursue a strategy of
monetary targeting. For instance, the U.S. Federal Reserve de-emphasised the role of money

in the early 1990s.

In standard New Keynesian models, money has a role in different sequences for the policy
rate, which leads to different paths for inflation and output. However, money has no role in
future output and inflation which are conditional on interest rates (Ireland, 2004). Woodford
(2003) argued that the equilibrium paths of output and inflation can be explained without
reference to money. Most New Keynesian approaches ignored the role of money in the
conduct of monetary policy and constructed the short-run dynamic model as transmitted

through interest rates.

There are several features of a New Keynesian model (Kydland and Prescott,1982). First, it is
a dynamic, stochastic, general equilibrium model. Economic agents are aware of this and
behave accordingly. Uncertainty exists as some processes in the economy react to exogenous
shocks. Second, it is monopolistic competition. Prices are determined by private economic

agents to maximize their objectives. Third, there are nominal rigidities. There are constraints
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for some firms on the frequency with which they can adjust goods and services’ prices. Firms
may pay some costs of adjusting those prices. Prices are sticky as firms only change prices
after a random interval of time. Fourth, there is non-neutrality of monetary policy in the
short-run. Because of nominal rigidities, changes in short-term nominal interest rates are not
along with one-for—one changes in expected inflation, which lead to variations in real interest
rates. The latter causes changes in real quantities. However, in the long run, all wages and

prices adjust themselves and the economy returns to its natural equilibrium.

The basic New Keynesian model is plified to a system of three equations (Goodhart, 2007).
The central banks set the interest rate and supply any amount of money demanded by the
market at a given interest rate. Hence shifts in money demand are perfectly fitted so that
money has no effect on variables such as output and prices. In other words, in a traditional
money demand equation, money does not play an important role. The standard New-

Keynesian model is based on three equations.

The first equation is a dynamic IS equation linking the evolution of aggregate demand and
the output gap to the nominal interest rate. Through this equation monetary policy can have

an impact on aggregate spending in the economy:
y=y,-y = f(Ep,i-En)+e’ (2.3)

where pis the output gap which is the deviation of actual output y, from the natural or
sustainable level of output y", i is the short-term nominal interest rate and the central bank’s
instrument, Ey is the expectations of output gap and e is the exogenous disturbances. This

is from the Euler equation for consumption of a representative household.
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The second equation is the New Keynesian Phillips curve relating inflation to the output gap.
This is an aggregate supply equation which relates the current inflation to expected inflation

and the output gap (the difference between actual output and potential output):
m, = f(En,7)+e (2.4)

where 7, is the inflation rate between period t—1and t, Ex is the expectations of inflation
conditional on information available at time t and eg is the error term. This equation comes

from the optimal pricing decision by monopolistically competitive firms with sticky prices.

The third equation is a monetary-policy rule for setting the nominal interest rate, which is the
Taylor type reaction function. The short-term interest rates are set by policy makers to

minimise fluctuations in output:
i =bm +bj+e’ (2.5)

where b, >1, b, >0, and e is the monetary policy shock. This Taylor rule comes from the

optimal reaction function of a monetary authority with a quadratic loss function in output gap

and inflation.

In order to derive equations (2.4) and (2.5), Woodford (2003) assumed that monetary
frictions are negligible or a cashless limit environment is provided in this framework so that

the levels of output and inflation are independent of the real money balances in the model.

This three-equation-model which monetary authorities use today, determines inflation and

output without regard to the money.

Through equations (2.3) to (2.5), the demand for money function, the following conventional

LM equation can be obtained:
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m = f(y,i,z)+e (2.6)

where m, is the money balances, and ™ is another error term which can affect an aggregate

demand equation. This error term is from the combination of government consumptions and
preference shocks which affect the dynamic IS equation. The money demand is determined
via equation (2.6) meaning that the central bank prints money up to the point that satisfies
this demand. In this case, the money stock is a dependent and endogenous variable and if this
demand money function fits perfectly, then you can obtain all the information from output,
inflation and interest rates and you do not need to know the movement of money. Money
supply is a passive endogenous variable which follows the interest rate. Money itself is a unit
of account in this model and the central bank prints the exact amount of money to meet the

interest rates.

Several pieces of empirical research ** are also in general agreement with this limited role for
money in predicting output. Rudebusch and Svensson (2002) used a small structural model of
the U.S. data and concluded that nominal money does not affect output and inflation. Ireland
(2004) demonstrated a micro-founded model where the impact of real money balances
appears in the Phillips curve and IS curve. Then he estimated the model using a maximum
likelihood model with the US quarterly data and showed that the real money balances do not
have a significant role in the aggregate demand and the aggregate supply. Meyer (2001)

proposed that money plays no role in either the macro model, or the conduct of monetary

policy.

12 Estrella and Mishkin (1997), Gerlach and Svensson (2003).
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2.3.6 The Recent Issues

The New Keynesian model has been an issue in that it fails to explain common trends in
inflation and money growth. Lucas (2007) was concerned about the disappearance of money

in monetary policy and argued for a cross-check in policy formulation.

“New-Keynesian models define monetary policy in terms of a choice of money market rate
and so make direct contact with central banking practice. Money supply measures play no
role in the estimation, testing or policy simulation of these models. A role for money in the
long run is sometimes verbally acknowledged, but the models themselves are formulated in
terms of deviations from trends that are themselves determined somewhere off stage. It seems
likely that these models could be reformulated to give a unified account of trends, including
trends in monetary aggregates, and deviations about trend but so far they have not been. This
remains an unresolved issue on the frontier of macroeconomic theory. Until it is resolved,
monetary information should continue to be used as a kind of add-on or cross-check.” (Lucas,

2007, p. 168)

There are several studies which raise the issue of the possibility that money may have a
crucial role for output and prices. Nelson (2003) argued that money can be an important
cross-check for economic and financial indicators of inflationary pressures. For instance, in
the standard New Keynesian model, the output gap can be measured imperfectly by
identifying the inflationary pressure since the sustainable output is not directly observable.
Hence money supply growth may be informative to the extent of its role as a medium of
exchange. Leeper and Zha (2001) concluded that vanishing money in the monetary policy is
not empirically innocuous using a vector autoregression (VAR) analysis. Leeper and Roush

(2003) also concluded that allowing the policy controlled interest rate to respond to money
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improves the identification of monetary policy shocks and helps to solve the liquidity and

price puzzles.

In addition, Reynard (2006) discovered a proportional relationship between inflation and
money growth using the U.S. and euro-area data when considering the equilibrium velocity
movements because of inflation regime changes. Favara and Giordani (2009) estimated the
effects of shocks on monetary aggregates employing VAR which can be identified by
restrictions with regard to New Keynesian monetary models. They found out that shocks to
monetary aggregates have a substantial and persistent impact on prices and output. Moreover,
there is a unit relationship between money growth and inflation at low frequencies in Europe,
U.K., the U.S. and Japan (Assenmancher-Wesche and Gerlach, 2007). Castelnuovo (2008)
demonstrated that a money demand shock has a significantly positive impact on output using
VAR-based impulse responses. Bhattarai (2008) found that a 1% increase in money growth

leads to a 0.6% increase in output growth.

2.3.7 Limitations of Existing Studies

Inflation targeting does not reference money. There are several reasons why vanishing money

may induce distortions in the interpretation of the role of money.

In terms of the standard New Keynesian model, money has little correlation with inflation
and real variables at business cycle frequencies. However, in some countries such as Japan,
the correlation between M2 and output since 1980 is 0.10 when cycles of 6 to 24 quarters are
considered, but rises up to 0.90 when cycles of 24 to 44 quarters are employed (Canova and

Menz, 2009).

36



The monetary policy through interest rates accommodates the demand-side shocks to desired
money holdings. If central banks only assume that all monetary shocks come from demand-
side, then the behaviour of the monetary base does not provide any information. However, it
is not clear that all shocks to money are only demand-side. In reality, the fluctuation of output
or inflation can be due to various shocks from money demand, supply, transient or permanent
ones. For instance, one might say that the bulk of money in the form of commercial bank
liabilities can perform very differently over a given period of time. A financial innovation can
impact on money demand. Financial innovation allows people to use credit cards for a wider
range of transactions. Dotsey (1984) demonstrated that increases in credit card use cause
decreases in money demand in the U.S. This sudden decrease in money demand, which is

caused by driving down the interest rate can affect output.

However, there can be shocks from money supply. If there is a supply shock to money, there
are several financial or non-financial factors which are affected. When banks provide more
loans to a wider group of households and firms on easier terms, it will feed back into the IS
curve. Shifts in the banks’ willingness to extend loans will have the effect of shifting the
constraints which impact on the economy. Not only bank activities but also non-financial
factors such as trade balances or consumption can be affected in response to the money
supply shock. In addition, the money stock data may be published earlier. Hence, it can be an
early indicator for output, so empirically the money stock can be a crucial indicator for the

forecasting of output.

All in all, it is questionable as to whether monetary growth is consistent with the current
paths of output, inflation and interests rates. However, at least in some policy makers’ minds
such as those who are running the Bank of Japan, Federal Reserve and European Central
Bank, money supply matters for both inflation fluctuations and output. In addition, Goodhart
(2007) also argued that money has considerable explanatory power as an indicator of
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inflation variation and future output, which contradicts the behaviour of money balances in
the standard New Keynesian Model. In the next section, | will examine empirically whether

this theoretical prediction is supported by the South Korean data using the VAR approach.

2.4 Methodology, Identification and Data

2.4.1 Methodology and Identification

This methodology section introduces how data can be estimated by recursive and non-
recursive VAR methodologies, including explaining its identification and Granger-causality

test.

2411 VAR

To test whether money supply influences output, prices, and short-term interest rates, a
Granger-causality analysis is performed. A simple Granger-causality analysis may not cover
simultaneity effects (Granger, 1980). Money supply may Granger-cause output, while output
may also Granger-cause money supply. In order to overcome this problem, Granger-causality
in a Vector Autoregressive Model is performed. VAR is a vector version of the AR model. It

can also include two or more variables into one vector as it is a vector equation. A p-—th

order vector autoregressive model, can be shown as:
Y. =AY, +AY ,+..+AY,  +OD, +e (2.7)

where Yt=[y1t,..-,ykt]' is a set of variables in a (kx1) vector, A is a kxk matrix of

autoregressive coefficients for j=1,2,3,...,p, and @ is a kxd matrix of coefficients on
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deterministic terms in a d x1 vector D,. The vector €, E[et,...,ekt] is from a k -dimensional

white noise process.

E[et]:O,E[etet’}:Q and E[etet'J:O for s=t, with Q a (kxk) symmetric positive
definite matrix.

This implies that there is no serial correlation among these disturbances but contemporaneous

correlation is allowed.

Harvey (1990) mentioned that if the order p is set, each equation in the model can be
estimated by ordinary least squares (OLS), which estimations are consistent and

asymptotically efficient. In other words, based on the sample Y,,Y,,...,Y;, and setting the

first p observationsy, .Y,  ,...Y,, the k equation of the VAR can be performed separately

by OLS. With regard to the assumption that the &, are Gaussian white noise, the simple OLS
estimator is the same as the full information maximum likelihood (FIML) estimator

(Hamilton, 1994). Hence the OLS estimator of A=| A,...,A, |is asymptotically normally

distributed.

VAR provides a number of advantages compared with univariate time series models or
estimation of a structural model (Brook, 2008). First, the forecasts created by VAR often
provide better information than traditional structural models. As Sims (1980) argued, large
scale structural models can lead to misguided results owing to their out-of-sample forecast
accuracy. Second, VAR is more flexible than univariate AR models as it allows more
variables with not only own lags but also with combinations of white noise terms. Third,

there is no need to distinguish which variables are endogenous or exogenous.
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In comparison to other model classes, VAR model also has several drawbacks and limitations.

One of the major drawbacks is that there are so many parameters. If there are nvariables and

each variable contains k lags in each equation, (n+ knz)parameters should be examined. For

instance, if n=4 and k =3there will be 52 parameters to estimate. For a relatively small
sample size, degrees of freedom will rapidly be chewed up. Sometime, there are several
parameters which rarely differ from zero. Arranging any lag lengths is not reasonable as it
can harm the estimates and may lead to a misleading outcome concerning causality if
variables have different lag structures (Ahking and Miller, 1985). To overcome this limitation,
Hsiao (1981) suggested that Akaike’s (1969) Final Prediction Error (FPE) criterion can help
to estimate a univariate AR and sequentially adding lags and variables. However, there are
two disadvantages to the FPE-criterion approach **. An alternative approach to selecting the
appropriate VAR lag length can be an information criterion which does not require such

normality assumptions concerning the distribution of errors.

The Granger-causality in general does not provide the information regarding the sign of the
overall effect or how long these effects require to take place. Hence, as links between the
equations distort interpretation of each coefficient, Sims (1980) suggested estimating a VAR
model by analysing the reactions from different shocks over time in the system - such
information will be provided by examinations of the VAR’s impulse responses and variance

decompositions.

Impulse Reponses trace out the responsiveness of the dependent variables in the VAR to
shock to the error terms. So unit shock is applied to the error for each variable from each
question and its effects on the VAR system over the allocated period are noted. For example

if there are 3 variables in a system, a total of 9 impulse responses could be created. The way

B See Strumet.al. (1999).
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that this is performed in practice is by converting the VAR in to a Vector Moving Average

(VMA). If the condition of the system is stable, the shock should gradually die away.

In order to transform the original VAR into a model, the SVAR approach suggests you

should start from the structural form model. Equation (2.7) can be written as:

KLY, =¢

K(L)=gK+Zk:ALi (2.8)

where K isan nxn non singular matrix.

The contemporaneous relations can be directly explained in K The Cholesky factorization
of the matrix Qis used, which generates an orthogolanised reduced form for our error terms
e. The lower triangular Cholesky matrix, K, imposes on restrictions such that orthogonal

innovations to variable of vector Y,, only based on the previous member of the vector:

K, =—KT,
Ke, = ¢,
E(KeeK')=K3K'=E(KgeK') =1 (2.9)

where X is s symmetric matrix.

This orthogonalisation of the variables helps us to observe the effect that an increase in one of
the variables has on other variables in the system individually. For the statistical reliability,
impulse responses along with a 95% confidence interval is employed, which is based on

asymptotic Gaussian Approximations of the distribution of the responses.
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However, for computing impulse responses and variance decompositions, the order of the
variable is crucial as the error terms are likely to be correlated across the equation. Hence, the
notion of observing the effect of the shocks separately leads to a misrepresentation of the
system dynamics. Its solution to this difficulty is to orthogonalise the innovations based on
economic theory. It is also of no consequence that the higher the magnitude of the correlation
coefficient between error terms, the more the variable ordering will be important. In case the
residuals are almost uncorrelated, the ordering of the variables is immaterial (Lutkepohl,

1991).

2.4.2 Data Description

The following empirical analysis in this chapter employs quarterly data from South Korea,
covering the period from 1981:01 to 2012:04 for the benchmark model ** and from 1986:01
to 2012:4 for the extended models **. The choice of the start year, 1981 and 1986 is due to
the data availability. Based on the theoretical implications, the following time series data has

been utilised in the test as summarised in Table 2.5.

All variables except interest rates, exchange rates, inflation and prices indices are in real

terms *° and the variables are log transformed.

 The benchmark model includes output, prices, the short-term interest rate, the monetary base and commodity
prices.

> The extended model is the bench mark model plus financial variables or non-financial variables. Financial
variables are banking lending, exchange rates, long-term interest rates and stock prices. Non-financial variables
are exports, imports, investment, and government consumption.

16 Nominal per capita GDP at GDP1981x - 2002
P1981
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Table 2.5 Description of Variables and Data Sources

Variable Data Data Source Symbol
Money Supply MO, M1 and M2 Bank of Korea M
) IMF International financial
Output Gross Domestic Output o Y
Statistics
) GDP Deflator & Consumer Price | IMF International financial
Prices . P
Index Statistics
Short-term Interest
3 Moths Interest Rates Datastream R
Rates
Commaodity Prices Korean Commaodity Index Datastream CP
Bank Lending Loans of CBs and SBs Bank of Korea BL
Exchange Rates US Dollar to Korean Won OECD ER
Lon-term Interest ) IMF International Financial
10-year Bond Yield o LR
Rates Statistics
Stock Prices KOSPI Reuters SP
Export Exports of Goods & Services Bank of Korea EP
Import Imports of Goods & Services Bank of Korea IP
] ) ) IMF International Financial
Investment Gross Fixed Capital Formation o v
Statistics
Government Government Final Consumption
_ _ Datastream GP
Spending Expenditure

Note: Money supply is denoted by M,, M, and M,. M, is the monetary base, M, includes M, plus

demand deposits and M, includes M, plus short-term time deposits in banks and 24-hour money market

funds.

As Nelson and Plosser (1982) stated, most macroeconomic data show the stochastic trends,

which can be lead to a spurious regression. Hence before running any regression, a

stationarity test is necessary to distinguish between stationary series and non-stationary series.

| adopt the Augmented Dickey Fuller Test (ADF).
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Table 2.6 Unit Root Test: Augmented Dickey Fuller Test

Variable Syrlnbo Lag t-statistics Prob
MO 4 -1.767177 0.3952
Money Supply M1 2 -3.314579 0.0163**
M2 4 -2.949631 0.0432*=
Output Y 0 -4.083240 0.0015***
Prices P 4 -2.637487 0.0883*
Short-term Interest
Rates R 1 -1.598376 0.4804
Commaodity Prices CP 2 0.378990 0.9813
Bank Lending BL 6 -0.676611 0.8470
Exchange Rates ER 1 -2.484604 0.1221
Lon-term Interest Rates LR 0 0.129796 0.9666
Stock Prices SP 0 -2.542147 0.1085
Export EP 0 -9.348593 0.0000***
Import IP 0 -1.177608 0.6821
Investment \% 0 -2.450446 -2.450446
Government Spending GC 0 -3.576824 0.0078***

Note: */**/*** indicate the 10%/5%/1% significance level.

For instance, the null hypothesis for testing a unit root test is H, :y, ~ 1 (1), and alternative
hypotheses under each testing approach is H,:y, ~1(0). (1) indicates that Y, is integrated

of order one which has a unit root and 1(0) shows that Y, is stationary. Using test statistics

and a p-value the existence of the unit root can be examined. While monetary base data is
non-stationary, M1 and M2 data series are stationary at the 5 % significance level. Output
and prices are stationary at the 1 % and 10 % significance level respectively. Excluding

export and government spending, all variables are non-stationary meaning that they have a
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unit root. Johansen’s maximum likelihood method test for co-integration relationship is
conducted among non-stationary data. Co-integration defines that a two or more times series
IS co-integrated if they have the same common stochastic drift. In other words, it is to exist
between non-stationary time series if they possess the same order of integration and a linear
combination of these series is stationary. Both the trace statistics and maximal eigenvalue
statistics unanimously confirm that there is no co-integrating relationship at the 5%

significant. Non-stationary variables are in first difference in the model.

2.5 Results

In this section, | have explored the effects of a money supply shock on the dynamics of
output, prices, the short-term interest rate and commodity prices using recursive VAR, non-
recursive VAR and Granger-causality test in South Korea. Moreover, | have provided new
empirical evidence on the transmission mechanism by adding financial variables (banking
lending, exchange rates, long-term interest rates and stock prices) or non-financial variables

(exports, imports, investment, and government consumption) into the benchmark model.

2.5.1 Basic ldentification Scheme

In order to examine whether money is relevant for output and inflation determination, the
benchmark model includes output, prices, the short-term interest rate, the monetary base and
commodity prices. This is a preliminary evaluation of the impact of a shock to the monetary
base on the macroeconomic (output and prices) and financial variables (the short term interest

rate and commodity prices).
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2511 Two Structures: Recursive VAR and Non-Recursive VAR

Two types of the VAR model are examined to assess the effect of money. The first
specification is based on a recursive identification scheme and the second one follows a non-
recursive VAR scheme. The lag value of each model is set equal to four *'. When variables
are non-stationary and have unit roots, they should be examined in first differences to tackle
the potential problem of the non-standard distribution taken by the F-test (Sims et al., 1990).
In the absence of co-integration among some non-stationary variables'®, stationary VAR
models with the log-differenced series are estimated. In the equation (2.7), stacking the

variables at each date into the 5x1vector:
X, =[Y,,R,R,M,,CR] (2.10)

where Y, is output, P, is prices, R, is the short-term interests, M, is the monetary base and

CP, is commodity prices. As Sims (1992) mentioned, a different selection of ordering leads

to different recursive structures of VAR. He argued that the earlier listed variable in the VAR
impacts the later listed variables, whilst the opposite has no effect. Hence the solution to this
problem involves ordering exogenous variables first and endogenous variables thereafter. |
shall order contemporaneously exogenous variables first so that output and prices are
assumed to be contemporaneously exogenous to the monetary policy instruments, the short-
term interest rate and monetary base. The commodity prices are regarded as an information
variable which responds instantly to all of the shocks so that it is ordered last. *° This
ordering implies that the central bank sets the policy instrument, but the output and prices

only respond to a policy change with one lag. For instance, owing to adjustment costs, firms

Y"The lag order o is selected by the Akaike information criterion (AIC) and the Schwarz information criterion
(SIC).

'8 Please see Table 2.6 for the information of non-stationary variables.

19 Christiano et al. (1996) also use the commodity price index as it is a leading indicator for inflation.
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within the quarter do not change their prices and output in response to a monetary policy
shock. In the recursive model, money is set after the interest rate as the identification imposes
that money shocks have no effect on any other variable other than money itself and
commodity price. The implications from equations (2.2) to (2.6) underlie this ordering of
variables for VAR analysis. In this VAR model, money has no role. According to the
classical or the neo-classical models, money is just numeraire commodity in most of the
dynamic general equilibrium models meaning that it does not have any impact on output and
employment (Patinkin, 1987). Monetarists, including Friedman (1952), considered the major
role of money as to stabilize prices, leaving the role of efficient allocation of resources to the
relative price system. In addition, money is endogenous to the Taylor rule in the New
Keynesian macroeconomic models. However, in the non-recursive VAR, in order to allow the
money supply to enter into the monetary policy rule, | shall identify a short-term interest rate
shock and a money supply shock without imposing the restriction that the interest rate does
not respond to monetary base within the period. In contrast to inflation targeting, the
behaviour of monetary aggregates is considered to be relevant for the analysis of optimal

monetary policy.

The recursive VAR can be shown based on the following Cholesky decomposition:

1 0 0 Ofu )
a, 1 0 0 Oofuf e
a, a 1 0 0fu?|=]el
a, a, a, 1 O0fu" e
&, a, a;, a, 1]u”]| |e*] (2.11)

where a demonstrates the contemporaneous relations among 5 variables (output Y , prices P,

interest rates R, money supply M and commaodity prices CP). u, is the mutually correlated

structural shocks and e, is the corresponding vector of reduced-form residuals. The structural
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shocks are defined by the standard Cholesky decomposition. Cholesky decomposition
orthogonalise the disturbances and thereby obtain structurally interpretable impulse response
functions. Sims (1980)’s approach uses a Cholesky decomposition of the variance covariance
matrix of the model’s shocks. This enables the moving average representation to be
performed based on orthogonalised innovation. Cholesky’s decompositions are much faster

and accurate than the eigenvector or eigenvalue decomposition, which is about a factor of 10
faster (Gonnet and Scholl, 2009). u, can be identified from the estimates of e, and the

variance/covariance matrix £ (Enders,2009,p.294). This ordering reflects the central bank’s

reaction function.

The third row in (2.11) can be written as the vector of equation from (2.8):
a,u’ +a,u’ +u’ =ef (2.12)

This states that unexpected movements in interest rates e within a quarter can be due to one

of three factors: the response to structural shocks to output, captured by a,u, and the

t EHl

response to structural shocks to prices captured by a,u’ and to structural shocks to interest

rates, captured by u. In other words, the forecast error of interest rates is affected by its own

structural innovation and the structural variables in output and prices.

And the fourth row in (2.11) is:

Y P R M M
auu, +a,u” +a.u” +ul =g (2.13)

It reflects that monetary base responds to output, prices and the interest rate. But since the

money is ordered in a fourth row of the system, a money shock has no effect on any other

48



variable except the commodity prices within the period. This is because the interest rate is set
by the central bank based on the current innovations to output and prices and the money
supply accommodates this. This ordering takes into account the role of money in the New

Keynesian model.

In the first model identification scheme, the short-term interest rate does not react to the
monetary base within the period. However, it can be incorrect since Leeper and Zha (2001)
suggest that the interest rate which responds contemporaneously to money reflects a better
identification of a monetary policy shock than the one which just reflects output and inflation.
In order to overcome this issue, a non-recursive VAR scheme can be adopted since it allows
more general contemporaneous interactions among variables than the recursive VAR model.
The structural VAR approach is based on Sim(1980)s’ approach but identifies the impulse
responses by imposing restrictions on the covariance matrix of the structural shocks.
Bernanke (1986) and Blanchard and Watson (1986) developed this approach by imposing a
set of prior restrictions on the contemporaneous effects of shocks. Compared to the
unrestricted VAR approach, this non-recursive VAR attempts to provide some economic
theory or rational behind the covariance restrictions used, and thus intends to avoid the use of
arbitrary identifying restrictions (Garratt et al., 1998). Timing assumptions about the
interaction between money and interest rates can be used for the formulation of a non-
recursive VAR, which are easy to implement. In the recursive VAR model, a variable affects
the other within the period but not the other way around. However, the non-recursive VAR
enables us to develop our interest in mutual interaction within the period. Therefore, so as to
allow the money supply to enter into the monetary policy rule, | shall identify a short-term
interest rate shock and a money supply shock without imposing the restriction that the interest
rate does not respond to monetary base within the period. This non-recursive VAR model

helps us to observe a monetary policy shock imposing the systematic feedback between the
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main macroeconomic variables and monetary policy variables. For this purpose, | have
closely followed Favara and Giordani (2009)’s non-recursive scheme so that the non-

recursive VAR (Model 2) is as follows:

10 0 0 O|fuw] [e]

a, 1 0 0 O0fu e

ay; a, 1 a, O0f|u?|=|e¢

8, a, a; 1 0fuM e

Ay 8, ag, a, 1|[uf| [e™] (2.14)

The first two rows in (2.14) show unexpected movements in interest rates e* within a quarter

indicating the sluggish real sector. Output and Prices are assumed to be contemporaneously
exogenous to other variables. They respond to interest rates and money supply and
commodity prices with a lag. The third row represents the monetary policy and this can be

written as the vector of equations from (2.8):
a:all'ltY + aezutp + utR + a’34l'lt’vI = etR (2.15)

Compared to equation (2.12), a,,u" can be affected by structural shocks to money captured

by a,u,"” . In this monetary policy rule, the central bank tries to adjust the interest rate in

response to changes in money supply. The fourth row in (2.14) shows that the monetary base

reacts contemporaneously to output, prices and the short-term interest rate.

Figure 2.4 displays the estimated impulse responses to an unexpected interest rate shock
(Figure 2.4.A) and money supply shock (Figure 2.4.B) in a recursive VAR. Figure 2.5 is from
a non-recursive VAR as the matrix (2.14) is not diagonal. Figure 2.4.A represents the impulse
response functions of one standard deviation shock to the money supply in the system. Using
the software programme EViews, standard error bands which are dashed red lines are

constructed to represent the statistical significance of the impulse response functions. The
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solid lines display the point estimates of impulse response functions, and the dotted lines are
two-standard-error bands over 20 quarters which are computed by the Monte Carlo
simulation. The impulse response function is statistically significant at the 95 % confidence

level when both standard error bands are simultaneously above or below zero on the y-axis.

Contrary to the New Keynesian model, the response of output by money supply is
significantly different from zero from 6 quarters. In Figure 2.4.B, one standard deviation in
monetary base is followed by an increase in the real GDP. The effect on output steadily

increases over time after 6 quarters and reached 0.01% at 10 quarters.

In other words, a 1% rise in money supply stimulates output by 0.01% after 10 quarters. This
can confirm that output adjustment is sluggish. This result is in line with the research of
Leeper and Zha (2001) that the economy responds to a money shock gradually. It is also
interesting to note that the positive effect on real GDP of a money shock appears to be very
persistent. This result would seem to suggest that the money supply is a potentially useful
instrument in output growth. Prices also respond positively to a money supply shock but the

results are insignificant.

In Figure 2.4.A, the positive interest rate shock increases the output for up to 5 quarters and
the results are insignificant afterwards. Firstly output is increased by 0.008% at 3 quarters and
goes back to 0. A response of prices to the interest rate shock is positive but insignificant.
The impulse responses of Model 2.5.B, a non-recursive VAR, are similar to those of an
identified recursive VAR except the responses of the short-term interest rate which are only

significant between 1 quarter and 4 quarters.
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Figure 2.4 Impulse Response to Short-term Interest Rates and Monetary Base: Recursive VAR
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(2.4.B: Shockto M0)
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Note: The boxes in each column demonstrate the responses of the VAR variables to a one standard deviation
shock to the interest rate R and the monetary base M 0 yielded by the recursive VAR. The 95% error bands
were computed with Monte Carlo simulations. The lag value of each model is set equal to four.



Figure 2.5 Impulse Response to Short-term Interest Rates and Monetary Base: Non-Recursive

(2.5.A:ShocktoR ) (2.5.B : Shockto MO0)
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