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ABSTRACT

This paper attempts to define, construct a policy framework, and analyze interactions with
monetary policy of macroprudential policy. The available pieces of evidence suggest that the
effects of the LTV and DTT regulations for financial stability are rather unclear in Korea.

It also shows that when financial markets exhibit instability in a stable inflationary
environment, macroprudential policy could run into conflict with monetary policy.

This paper proposes an appropriate modality of macroprudential policy to minimize the
potential conflict with monetary policy.

2 olns JAATY S0 HO| - BN, SSSYAMIY HN, 45 2 U BE
SA{BID QICt B1R0| FHS AHEN IBOYS 9IS LTVLE DTIO ZSE: 2F3

7L S sl Sls ORI 38R B0l Walsls B2, RIS
ST} SINSHAS AT MBS ZNE FHT 4 Uk Ol BHALS 40t
B QM BYSH, ASYT, 121D WM FH Zi0l BHZYo| MaEofor




A Macroprudential Approach to Financial Supervision and Monetary Policy in Emerging Economics ‘ 3

I . Introduction

A series of financial crises in the 1990s and the 2008-09 global economic crisis
have brought to light a number of structural frailties of the financial system - both
domestic and global - that have a bearing on managing financial crisis. They have
certainly contributed to a better understanding of the causes and consequences of the
build-up of financial imbalances. It is now widely accepted that contrary to the long
held view, consumer price stability is not a sufficient condition for financial stability.
Financial imbalances in the form of the boom and bust in asset markets, excessive
leverage in financial institutions and households, and deterioration in maturity and
currency mismatches in the balance sheets of banks and other financial institutions
could pile up in a non-inflationary environment. The unwinding of these imbalances
could destabilize the financial system and even trigger a financial crisis, which could
in turn cause serious disruptions to the economy and interfere with real sector
development.

There has also been a sharp increase in the volatility as well as the volume of
cross-border capital movements with deepening of integration of financial markets
of individual economies at both the regional and global level. In a globalized
economy, financial turbulences in one country could easily spill over into
neighboring economies including even those with strong and sound fundamentals,
destabilizing their financial systems as well. Finally, experiences with managing
financial crises in both advanced and emerging economies suggest that the conduct
of monetary policy could exacerbate rather than prevent the build-up of systemic
risk unless it is complemented by other policy measures.

These changes in the financial landscape have underlined the need to
strengthen the foundation of the domestic financial system to improve its resilience
to external shocks and to develop new policy instruments that could complement
monetary and fiscal policy in safeguarding the economy against financial instability.
The search for new policy tools has led to a reorientation of macroeconomic
dimensions of microprudential supervision.

In the wake of the 1997-90 Asian financial crisis, Crockett (2000) proposed that
microprudential supervision and regulation, which had been traditionally directed
to protect depositors and investors, should be reoriented toward maintaining
financial stability by “marrying the micro and macro-prudential dimensions of
financial stability.” This was followed by the construction of a macroprudential
framework for financial supervision and regulation (Borio 2003), which had been
further refined by a series of papers by the staff of the BIS.

Since the eruption of the 2008-09 global economic crisis, macroprudential policy
has taken center stage of the discussion of the assessment of health and safety of the
financial system and prevention of future financial crises. The IMF program for the
assessment of systemic financial stability and the growing attention central banks
and other policy authorities are paying to monitoring, analyzing, and formulating
policy responses all bear witness to the growing importance of macroprudential
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supervision as a new macroeconomic policy.

Although there has been a growing literature on macroprudential policy in
recent years, there appears to be a considerable disagreement on its scope and
effectiveness.! Indeed, there is neither a widely accepted definition of financial
stability nor an appropriate operational framework for macroprudential policy. It is
generally agreed that efficiency of monetary policy would improve, if it is
complemented by macroprudential supervision: Yet, it is proved to be difficult to
identify the contour of a new system of coordination of the two polices. This is
because the new system needs to be designed in a way that will avoid the potential
conflict in which the effects of the two polices cancel out each other because
macroprudential policy has macroeconomic spillovers, whereas monetary policy
affects risk-taking behavior of financial market participants.

In this paper, an attempt is made to clarify some of the analytical as well as
operational issues related to the construction of a macroprudential policy framework
for financial supervision and regulation, in particular interactions between monetary
and macroprudential policy. To set the stage for the discussion, Section 2 examines
the operational definition, the rationale behind, and the scope of macroprudential
policy in the context of emerging economies. This is followed by a discussion of the
role and effectiveness of macroprudential policy in Section 3. Section 4 analyzes
Korea's experience with managing macroprudential policy. Section 5 is devoted to
outlining an appropriate scope and modality of macroprudential supervision.
Concluding remarks are in the final section.

II. Role and Scope of Macroprudential Policy

1. Definition and Rationale

Monetary policy should be an integral component of any policy framework for
managing financial imbalances. As the monetary authority, the central bank does—
and in fact has to— monitor and assess financial market developments as part of the
process of adjusting the stance of monetary policy. Depending on the gravity of the
situation, it may use its policy tools to alleviate financial disruptions threatening
systemic risk. However, it would not do so unless they imperil price stability for
which the central bank is primarily responsible. It would also be reluctant to
intervene largely because it does not have effective instruments to lean against the
financial cycle or to restrain excessive leverage and risk taking of financial market
participants. For example, a higher policy rate may be able to stabilize high asset
prices, but when speculation sets in, it is likely to do so at the cost of a larger output
gap, if consumer price inflation is below the target rate (Blanchard et al. 2010).

If monetary policy is not an appropriate instrument—in scope and
effectiveness —for addressing the buildup of systemic risk, then questions arise as to
whether the financial regulatory authorities could shoulder much of the

1 See Galati and Moessner (2011) for a literature survey.
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responsibility for assessing and safeguarding financial stability. Indeed, if individual
financial institutions are healthy, sound, and efficiently managed, the likelihood of
financial distress is expected to decline.

Since the regulatory authorities are entrusted with enforcing prudential
standards and codes of good behavior at these institutions, they could contain
contagion of insolvency of a financial institution to fend off a run on the entire
financial system. Prudential supervision of individual institutions or
microprudential supervision is therefore a critical component of any tool kit for
financial stability and strengthening it is no less essential than before: the regulatory
authorities should assume a large part of the financial stability function.

While it is an essential component, as long as it is bound by safety of individual
institutions, microprudential supervision will not be a suitable tool for financial
stabilization. This focus may result in excessive protection to undermine the safety of
individual institutions it supervises (Crockett 2000). Furthermore, the soundness of
individual institutions is neither a necessary nor a sufficient condition for the
stability of the financial system as a whole. As Goodhart (2004) points out,
depending on the nature of the inter-linkages among financial institutions and
markets, financial systems containing individually weak institutions may
nevertheless be systemically robust and vice versa (p.9).2

The emphasis on individual institutions does not also leave much room for
microprudential supervision to weigh up or deal with an increasing array of
macroeconomic risk factors common to all financial institutions, such as a high
degree of volatility of capital flows, the boom-bust cycle in asset markets, and
sudden changes in market sentiment and expectations. This limitation is likely to
cause a failure in monitoring the increase in systemic risk and taking appropriate
remedial actions.

The above two constraints associated with the institution specific focus have led
to reorienting and refining macroeconomic dimensions of microprudential
supervision as a means of managing systemic risk. Macroprudential policy is defined
as “the use of prudential tools with the explicit objective of promoting the stability of
the financial system as a whole, not necessarily of the individual institutions within it”
(Clement 2010). It is intended to prevent the buildup of systemic risk, which could
destabilize the financial system and, as a consequence, the whole economy.?

According to a BIS paper (CGFS 2010), systemic risk is “a risk of disruption to
financial services that is caused by an impairment of all or parts of the financial
system and has the potential to have serious negative consequences for the real
economy.” Borio (2009) and Hannoun (2010) identify two types of disruption that
could cause the accumulation of financial imbalances. One type is the financial cycle
- the procyclicality over the business cycle in lending at banks and other non-bank
financial institutions. Another is a cross dimensional disruption arising from a direct
exposure of financial institutions to a set of common shocks or risk factors as in the
case of holding the same or similar assets or an indirect exposure through the

2 Goodhart cites the Japanese experience in the 1980s as an example in which banks were strong
individually, but they were systemically weak in the face of the bursting of the real estate bubble.
3 See Crockett 2000, Borio 2003, and White 2004 on the procyclicality of lending.
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<Table 1> Micro and Macro Approach

Macroprudential Microprudential

Limiting systemic risk of the Limiting idiosyncratic risk of

Objective

financial system: mitigating the
failure of a large segment of the
financial system.

individual institutions:
protection of depositors and
investors

Top-down: setting prudential

Bottom-up: setting and

control in terms of the
probability and costs of
systemic distress

aggregating prudential control
in relation to the risk of each
institution

Implementation of
supervisory controls

Endogenous: Originating in the
collective behavior of and
interactions between
institutions

Exogenous: Given to individual
institutions and the disregard
of feedback of collective actions

Characteristics of risk

Relevant and important: causes
of the fallacy of composition

Common exposure to

o Irrelevant
systemic risk

Standard prudential tools plus
linking provisioning and
pricing of risk to the volume of
loan

Uniform solvency standards

U f instr t
s¢ ot mstruments and codes of conduct

(i) A greater weight given to
banks and larger and more
complex institutions;

(ii) Market monitoring: and
(iii)Countercyclical orientation

Sources: Crockett (2000) and Borio (2003 and 2009).

Protection of individual
institutions

Focus of supervision

network linkages as in the case of assuming counterparty risks.*

To be sure, these objectives are not mutually exclusive, as a greater resilience of
the financial system would enable the system to adjust to financial cycles better
(Crockett 2000 and Borio 2002). In contrast, the microprudential objective is to limit
idiosyncratic risk individual financial institutions are exposed to. The
macroprudential supervisory standard is derived from a top-down, whereas the
microprudential standard from a bottom-up approach. The systemic risk the
macroprudential approach deals with is endogenous as it is determined by the
collective behavior of individual institutions whereas the idiosyncratic risk is
exogenous. The differences between the two supervisory approaches are
summarized in Table 1.

4 To put it differently, macroprudential policy is designed to lean against the wind when systemic risk
is building up and to stem the risks originating in interconnections and spillovers in the financial system
(CGFS 2010 and Hanoun 2010). See also Crockett (2000), Borio (2003), and White (2004) on the
procyclicality of lending.
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In recent years, the creation of a unified financial supervising system
independent from the central bank has also brought to the fore the need to define the
scope, tools, and division of labor in conducting macroprudential policy. If a central
bank was engaged in some types of macroprudential supervision before the
supervisory oversight was separated out and transferred to a new independent
institution, it would certainly use microprudential tools to complement its monetary
policy, tightening in the up-phase while relaxing them in the down-phase of the
business cycle. With the creation of an independent supervising authority, then it
stands to reason that the stability function needs to be shared by both the central
bank and the supervisory authority and that the central bank has to coordinate its
conduct of monetary policy with the financial supervisory agencies.

2. Tools of Macroprudential Policies

There is a growing literature on macroprudential policy, yet the precise contour
of the macroprudential supervision in monitoring, analyzing, and participating in
the designing of policy responses to an impending financial stress is yet to be defined.
The advocates of macroprudential orientation of financial supervision do not
necessarily propose either creating new prudential controls or adding new
functional responsibilities to the supervisory authority, they are arguing for the
adjustment of the traditional modality of supervision in a way that will contribute to
mitigating systemic risks.

For analytical purposes, the tools for macroprudential supervision are divided
into the two categories of time- and cross-sectoral-dimensions as shown in Table 2. In
each category, the tools are also divided into those developed for mitigating systemic
risk and recalibrated microprudential tools. Most of the instruments with a cross-
sectoral dimension in Table 2 are microprudential tools recalibrated for
macroeconomic objectives of sustaining financial stability.> They take the form of
restrictions or incentives related to financial firms' balance sheets designed and
implemented to contain distress of individual financial institutions. As Hannoun
(2010) argues, they could be utilized to mitigate systemic risk as they can
complement the instruments of monetary policy. Some of the instruments such as
capital and liquidity surcharges on SIFI, restrictions on leverage in particular types of
lending, and currency mismatches may be used to strengthen resilience of the
financial system. As in the case of SIFIs, the regulatory authorities may separate out
vital institutions to reflect their potential threat to the stability of the financial system
(Borio 2009).

A host of microprudential tools with a time dimension may also be reoriented to
help tame the procyclicality of lending by banks and other non-bank financial
institutions. As shown in Table 2, those developed specifically for lessening systemic
risk include: countercyclical capital charges, forward-looking provisioning for loan
losses, and levy on non-core deposits. Recalibrated tools include the loan-to-value

5 CGFS (2010) and Hannoun (2010) provide a list of these instruments categorized by the disruptions
to the financial system they constrain.
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<Table 2> Macroprudential Policy Tools

Risk Dimensions
Tools l

Time-dimension Cross-Sectoral Dimension

1. Instruments developed specifically to mitigate systemic risk

+ Countercyclical capital buffers + Systemic capital surcharges on SIFls
+ Through-the-cycle valuation of margins or + Systemic liquidity surcharges on SIFls
haircuts for repos + Levy on non-core liabilities
+ Levy on non-core liabilities + Higher capital charges for trades not cleared through CCPs

+ Countercyclical change in risk weights for
exposure to certain sectors

2 Recalibrated instruments

+ Time-varying LTV, Debt-To-Income (DTI) and + Powers to break up financial firms on systemic risk concerns

Loan-To-Income(LTl)caps + Capital charge on derivative payables
+ Time-varying limits in currency mismatch or » Deposit insurance risk premiums sensitive to systemic isk
exposure(e.g. real estate) + Restrictions on permissible activities (e.g. ban on proprietary
+ Time-varying limits on loan-to-deposit ratio trading for systemically important banks)
+ Time-varying caps and limits on credit or credit
growth

+ Dynamic provisioning

- Stressed VaR to build additional capital buffer
against market risk during a boom

- Rescaling risk-weights by incorporating
recessionary conditions in the probability of
default assumptions(PDs)

Source: IMF (2011).

ratio, the repayment period, margin requirements, capital requirements against real
estate lending, and the countercyclical adjustment of exposure to the real estate
sector to be tightened in the upswing and loosened in the downswing phase
(Hannoun 2010).6 These tools could be adjusted frequently and quantitatively.”

¢ These instruments can be complemented by the dynamic provisioning, but with caution. This is
because the dynamic provisioning scheme may have an inherent bias against small- and medium-sized
firms and households that have increasingly accounted for a large share of customers at banks. Large firms
have access to international as well as domestic capital markets for the financing of their investment.
Denied credit at banks, they could issue commercial paper, bonds, and equities to raise funds they need.
These financing alternatives are often not available to small- and medium-sized firms. During an economic
boom, the dynamic provisioning may discriminate against small- and medium-sized firms, which are
likely to be perceived as high-risk clients.

7 It should be noted that the preceding categorization is based on broad correspondence between the
instruments and the two objectives of macroprudential policy as some of these instruments such as the
LTV ratio, which can improve the resilience of the financial system, but also serve as an automatic
stabilizer for the financial system (CGFS 2010).
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III. Effectiveness of Macroprudential Policy in Leaning against
Financial Cycle8

1. Fungibility of Money: Ineffectiveness of Selective Credit Control

In a situation where bubbles are in the making in the markets for real or financial
assets, the financial supervisory authority may consider invoking macroprudential
regulations to reduce mortgage lending at banks and other non-bank financial
intermediaries by using two types of instruments. The first includes some of the
recalibrated microprudential tools such as the LTV (Loan to Value) and DTI (Debt to
Income) ratios, which are adjusted to control the supply of mortgage loans. If these
two instruments proved to be inadequate, the supervisory authority may strengthen
its control by employing the second type reserved for tempering procyclicality in
bank lending such as countercyclical capital charges, dynamic loan-loss provisioning,
and capital conservation rules for banks. Implementation of these two types of
instruments entails quantitative - rather than price - control of the availability of
sectoral as well as aggregate bank credit. This section argues that because of
fungibility of money and potential conflict with monetary policy these tools lose
much of their effectiveness in suppressing the bubbles.

In order to elaborate on this argument, suppose that the regulatory authority
lowers the ceilings of the two ratios - LTV and DTI - to stave off a housing market
boom, and that there is no change in the stance of monetary policy. The squeeze on
mortgage lending is likely to discourage borrowing for consumption demand - the
purchases of houses for their services - but not necessary for the investment demand
by those investors seeking higher capital gains if housing prices are expected to rise
continuously.

Under these circumstances, as long as the level of total bank lending is left
unchanged, banks will be able to extend more of other types of business and
consumer loans with the funds released form housing finance they curtail. But, if the
expected real return on housing investment is perceived to be higher than the
returns on other assets, many of the borrowers taking out other non-mortgage bank
loans are likely to invest the bulk of their loan proceeds in housing.® This results
from the fungibility of money and imperfections in ex post loan use monitoring that
may result in the diversion of non-mortgage loans.

Given the fungibility of money, it appears that in countries where housing has
become good substitutes for financial assets and banks dominate financial
intermediation, restrictions on mortgage lending alone may not be effective in
preventing the housing market bubble. To be effective, they may need to be
complemented by an overall cut back in aggregate bank credit through, for instance,

8 This section draws on Park (2010).
9 A housing market boom often coincides with land speculation. Business borrowers may decide to
use a fixed investment loan to build a plant on a larger site of land than otherwise.
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an increase in loan-loss provisioning to curtail further the availability of housing
finance.

However, the overall cutback is likely to create two types of spillover problems.
One problem is that once housing speculation gathers forces, as shown by the
Korean experience discussed in Section 4, even the simultaneous squeeze on both the
sectoral and aggregate supply of bank credit may not be enough to keep housing
speculators at bay. This is because despite the overall tightening of bank credit, some
of the loans extended to non-housing borrowers could be drawn away to be invested
in housing as long as real property speculation picks up speed. Another problem is
that as discussed below, a tighter macroprudential policy runs into conflict with the
conduct of monetary policy, which remains neutral, as it exerts contractionary effects
on aggregate demand for goods and services.

2. Macroprudential and Monetary Policy: Are they Independent?

A growing number of countries—both advanced and emerging—have taken to
using macroprudential tools in their efforts to stabilize their financial systems, but
because of its short history, not much is known about its effectiveness in controlling
systemic risk over and at a point in time, and in a cross sectional dimension in
emerging economies.

Experiences of these countries suggest that faced with growing systemic risk,
both monetary and supervisory authorities work well in unison to forestall a
financial crisis when both consumer and asset prices are rising or falling together. In
this case, the stance of the two polices would be the same and there are no spillover
problems. When the build-up of inflationary pressure is accompanied by asset price
bubbles, both policies will be tightened —for example, the policy rate is raised while
the loan-loss provisioning will be increased-and they will reinforce each other.
However, when the two prices move in the opposite directions, a serious problem of
working at cross-purposes arises.

Citing the literature on the target-tool assignment, Yellen (2010) argues, “it is
perfectly possible to attain good outcomes even if monetary policy and
macroprudential policy are carried out separately and independently, and the goals
of each are pursued using entirely separate tool kits.” Yellen claims that satisfactory
results can be attained without policy coordination, even though fully optimal policy
generally calls for coordination when spillovers occur, because situations may arise
in which the central bank, in its conduct of monetary policy, might not be able to
fully offset the macroeconomic effects of macroprudential interventions.’® In this

10 Yellen (2010) points out that higher supervisory standards for capital following the real estate-
related loan losses of the early 1990s may have slowed the economy's recovery from the recession. More
stringent bank capital and liquidity requirements to stem systemic risk—when many economies suffer
from high unemployment—they may delay economic recovery unless implemented in gradual manner
over time. The new Basel 11l agreement recognizes the desirability of a phase in period for these standards.
The implementation of tighter standards over a multi-year period could mitigate the concern that the
macroprudential policies designed to control systemic risk will unduly restrict the availability of credit.
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section, it is argued that largely because many of the tools of macroprudential policy
work through the channels of monetary policy, the independence of
macroprudential policy as a macroeconomic policy instrument is not warranted.

To examine further this lack of independence, consider again a situation in which
consumer prices are not expected to rise beyond a target range, but a surge in
housing prices threatens a bubble. Under these circumstances, the central bank could
increase the policy rate to suppress unwarranted high expectations of capital gains,
but would be reluctant to do so, unless the speculation has the danger of increasing
inflationary pressure, whereas the regulatory authority would be called into action.™
Suppose they lower the capping of the LTV and DTI together causing a squeeze on
overall bank credit supply.

This tighter macroprudential policy is likely to move banks to raise interest rates
on their loans. It will also drive many of their loan customers out of the bank loan
market and into money and capital markets for direct financing. This increase in the
debt and equity financing will then increase market interest rates. If this happens,
higher interest rates may dampen the aggregate demand for goods and services
(with a possible exception of construction investment) as many borrowers without
access to the capital market will be rationed out of the bank loan market, while it has
limited effects on suppressing housing market speculation. The tighter stance of
macroprudential policy may therefore widen the output gap depending on the
extent to which bank loans are shifted to housing finance. Macroprudential measures
may strengthen the financial system but do not necessarily help enhance financial
stability. It follows then, that if the policy rate is a poor tool to deal with financial
market instability, so are macroprudential tools for moderating financial cycles.

The preceding discussion raises an important question as to whether the division
of labor in policy management in which the central bank follows an interest rate rule
in conducting monetary policy for price stability, whereas the regulatory authorities
are engaged in quantitative control in managing macroprudential policy for financial
stability is a viable institutional arrangement.

This question arises because most of the macroprudential instruments leaning
against financial cycles work through changes in the availability of sectoral and
aggregate credit and in this respect, they are similar to reserve requirements. That is,
macroprudential tools operate through effects on bank lending: changes in bank
loans cause investment and consumer spending to change. Since this bank-lending
channel is one of many channels of monetary policy, it follows that in emerging
economies where the banking system dominates financial intermediation. As far as
the channel of transmission is concerned, macroprudential policy geared to
controlling procyclicality in bank lending and monetary policy targeted for price
stability are one and the same, although they have different objectives.

11 The fiscal authorities may raise the property tax rate and impose additional taxes on the
transactions in and transfer of properties, but these types of taxation may not be desirable as they distort
property markets to impair their efficiency.
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IV. Korea’s Experience with Macroprudential Policy: 2001-2011

During the 1997-98 financial crisis when interest rates were skyrocketing and
bank lending evaporated, real properties markets had taken a severe beating with a
collapse of their prices. However, it did not take long for these markets to thrive
again. Beginning in 2002, Korea was gripped again with a haunting memory for the
boom-bust cycles in real estate prices—that had plagued the economy periodically
throughout the pre-crisis period-with a steep rise in prices of housing.’? One of the
main causes of this resurgence was the speedy recovery of the economy with a
return of stability in the financial system, but easy monetary policy with bank
lending deregulation was largely responsible for inflaming the housing market boom.

Korea suffered from the global IT bubble burst in 2001 with a dip in the growth
rate. This set back in growth had led the Bank of Korea to cut the policy rate to 4
percent on September 2001 from a high of 5.25 a year earlier and kept it between 4.25
percent and 3.25 percent during the 2002 and 2005. The expansionary monetary
policy then combined with the deregulation of mortgage lending at banks and non-
bank financial institutions in the wake of the 1997-98 to rekindle real asset
speculation.

For more than a decade thereafter, Korea's fiscal and financial regulatory
authorities have battled for brining real asset speculation under control by
implementing various financial regulatory and tax policy measures. In contrast,
however, the Bank of Korea has largely remained detached from the housing market
boom by keeping an easy stance of monetary policy. As a result, the financial
regulatory authority took the brunt of the responsibility of stabilizing real estate
markets.’® The Financial Supervisory Service (FSS)—the watchdog of financial
institutions and markets—has employed macroprudential tools to smooth out

12 Ro (2007) shows that the investment demand with its potential for capital gains dominated the
consumption demand for housing in the Seoul metropolitan area by comparing the sales price index with
its rental price index from 1999 to 2007 period. The rental-to-sales price ratio, which measures the degree of
the weight of the consumption demand in the market value of a house or apartment unit, declined after
October 2001 when the sales price sharply climbed up.

13 The financial supervisory authority consists of the two organizations: the Financial Supervisory
Commission (FSC) and Financial Supervisory Commission (FSS). The Financial Services Commission
serves as a consolidated policy making body for the supervision of the financial industry as a whole. The
Financial Supervisory Service was established on January 2, 1999, under the Act on the Establishment of
Financial Supervisory Organizations by bringing together four supervisory bodies —Banking Supervisory
Authority, Securities Supervisory Board, Insurance Supervisory Board, and Non-bank Supervisory
Authority —into a single supervisory organization. The primary function of the FSS is examination and
supervision of financial institutions but, it also conducts other oversight and enforcement functions as
requested by the Financial Services Commission and the Securities and Futures Commission. The posts of
the FSC Chairman and the FSS Governor were separated on March 2008 for clear distinction between
policy-making and execution of financial market supervision.
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[Figure 1] Changes in the Real House Price index (HPI/CPI) and the Policy rate
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fluctuations in the prices of residential and commercial housing and land by
controlling procyclicality in mortgage lending. Although the available evidence is
rather sketchy, it appears that these regulatory measures have not inspired much
confidence in controlling real asset speculation.’

As shown in Figure 1, over a six-year period beginning on January 2001, the real
house price index—the nominal house price index divided by CPI—more than
doubled.’> The housing boom ended early in 2007 to be followed by a persistent
slump. Understandably, throughout the period, the FSS has directed much of its
effort to remedying susceptibility to speculation and improving resilience of the
housing market. To this end, it has selected to impose macroprudential restrictions
on twelve occasions.¢

Concerned about an incipient housing boom threatening an implosion of housing
prices, the FSS introduced the LTV capping with a ceiling of 60 percent in 2002 to

14 A 2010 survey by the BIS on the use of macroprudential instruments in 33 countries shows that in
most cases the objective was to enhance the resilience of the financial system rather than moderating
financial cycles and that the evidence on the effectiveness of macroprudential measures is not conclusive
(CGFS 2010).

15 The house price index used is based on prices of apartment units in the Seoul metropolitan area.

16 For the details of changes in the mortgage lending regulations, see Igan and Kang (2011) and Chang
(2010).



14 | wERsgwR /2012, 1

curb mortgage lending. Since then it has adjusted the ratio eight times. On six
occasions, the FSS has tightened it to squelch a housing market boom and loosened
in 2004 and 2009 to stimulate housing demand. On August 2005, the regulatory
authority fortified its arsenal of macroprudential tools by including the DTI
regulation, which since then has been tightened five times and loosened up twice.

The boom in real asset markets, in particular housing, has been concentrated in
many districts of the Seoul metropolitan area, while keeping most other regions
uninfected. As a result, the FSS has concentrated on the Seoul metropolitan area as
the target for its macroprudential policy. As shown in Tables 1 and 2 in Appendix,
the FSS first lowered the LTV cap to 50 percent on June 2003 for mortgage loans with
maturity less than 3 years extended by banks and insurance firms in the Seoul
metropolitan districts infected by speculation. The LTV control turned out to be less
than effective, because of the leakages: banks were able and in fact started lending
for housing finance with maturity longer than 3 years to avoid the restriction while
non-bank financial institutions were not subject to it. Six months later on October, to
plug these leakages, the FSS extended and tightened the LTV regulation to cover
mortgage loans with 10 years or less maturity by lowering the LTV cap to 40 percent
for apartment purchases.”

After the LTV tightening, the rise of housing prices had begun decelerating, but it
was not clear whether it was the right time to relax macroprudential policy. Unsure
about whether the market lull could last, the FSS took a cautious step of relaxation by
lifting up the LTV ratio to 70 percent for mortgage loans with maturity longer than
10 years on March 2004. However, within less than a year, housing prices reversed
their downward trend to soar again. This resurgence prompted the FSS to cut the
LTV cap on those mortgage loans with maturity longer than 10 years for the
purchase of an apartment valued at more than 600 million won (or approximately
600 thousand US dollars) in the speculative zones on June 2005. On November 2006,
this restriction became more extensive to include nonbank financial institutions at a
higher ceiling of 50 percent to slowdown their mortgage lending.

After the Lehman Brothers’ collapse, which triggered a liquidity crisis, a deeper
recession, and contraction of housing demand, Korea’s policy makers also realized
the need to relieve household borrowers of the burden of servicing their mortgage
debt. This debt relief led the FSS to removing most of the speculative areas from its
list of control on November 2008. With the recovery from the liquidity crisis gaining
speed in the early months of 2009, however, banks were increasing their mortgage
lending and housing prices started rising again. In response, the FSS lowered the
LTV ratio to 50 percent for loans at banks for financing apartment worth more than
600 million won in the metropolitan area on July 2009. Three months later, this
regulation applied to all financial institutions.

To complement the LTV regulation, between August 2005 and August 2007, the
FSS lowered the DTI ratios five times at banks and other non-bank financial
institutions. At its inception in 2005, a relatively small segment of riskier borrowers

17 In Korea, there is a liquid market for apartments, which are standardized in terms of size and
actively traded. In particular, smaller ones are easily marketable, making them tradable investment assets
and good substitutes for financial assets.
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buying apartments-those who were single and under the age of 30 or if married,
those whose spouses had debt—was subject to the ceiling of 40 percent in several
districts of the Seoul metropolitan area prone to speculation. Less than a year later,
on March 26, the coverage of the restriction was broadened to include the
borrowings for the purchases of smaller apartment units priced at 600 million won
and more. A year later, apartment units worth 600 million won or less were also
subjected to this regulation with the ratios set between 40 to 60 percent

As in the case of the LTV, the FSS removed most areas off its list of speculative
zones on November 2008. The relaxation did not last long, however. On September
2009, the FSS saw the need to tighten the DTI regulation, only to loosen up again less
than a year later when the housing market showed signs of contraction.

Observing the raw data on housing price developments since 2001, one may
conclude that macroprudential policy of adjusting the LTV and DTI tools has been
effective in taming the real estate market boom, but failed to prevent its stagnation.
This is also the conclusion reached by Igan and Kang (2011). For a study on the
effectiveness of macroprudential measures, the authors estimate an equation where a
number of housing market variables are regressed against a vector of control
variables and a dummy, which takes on the value of 1 in the six months following
the implementation of the LTV and DTI changes.

The results of this estimation show that the rates of increase in housing prices
dropped significantly for the six months following the tightening of the LTV. This
deceleration is largely driven by developments in the metropolitan areas, most of
which were designated as the speculative zones. Surprisingly, however, the results
of the DTI tightening—which is known to be a more powerful tool—are not as
robust as those of the LTV.

The authors also find that the rate of increase in the number of housing
transactions fall significantly during the six months after the LTV and DTI ratios are
lowered mostly in the metropolitan areas. They do not find, however, any
effectiveness of these macroprudential tools on reviving the sagging demand or
negative association between the growth of household borrowing and tightening of
the two ratios.

In their study, Igan and Kang do not examine the effectiveness of changes in the
two macroprudential tools six months after the policy implementation is announced.
Another recent study by Kang (2011) finds that it tends to disappear. The estimation
results of Igan and Kang are less convincing than otherwise as they do not discuss
some of the structural characteristics of Korea’s housing market and limitations of
the LTV regulation that could affect their results. One problem with the empirical
examinations such as the one conducted by Egan and Kang is the difficulty of
isolating the effects of the LTV regulation when it is implemented with other policies
such as monetary policy, tax, and other administrative measures. Kim et al. (2010),
for instance, lists 29 housing polices introduced during the Roh Moo Hyun
Administration (2003-07), which ranged from housing acquisition and registration
tax to new town construction. Obviously all these variables cannot be controlled
properly in a simple regression analysis.

On a closer inspection, it is clear that despite the implementation of these
macroprudential measures, housing speculation did not subside until January 2007.
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During the 2005-07 period, it became clear that stronger doses of anti-speculation
measures were needed and the stronger measures implemented included direct
controls on housing transactions such as the requirement for registration of and
imposition of transfer and transaction taxes on trading in properties. In retrospect, it
is questionable whether the real estate speculation could have been brought under
control, if the government had refrained from resorting to the tax and other direct
control measures!s.

The LTV and DTI regulations for mortgage lending are managed in a highly
complex system of supervision where different ratios are applied to different
financial institutions and speculative areas.’® This complicated system has left a
large room for loan leakages and loopholes for evasion. As noted earlier, housing
speculators could easily divert their non-mortgage loan proceeds or cash in their
holdings of other assets to finance their housing investments. They could choose to
move to other areas that are not subject to the mortgage loan regulations to buy
individual houses or apartments as long as they believe the prices of these real
properties would continue to go up.

When housing prices are rising and expected to rise continuously, the tightening
of the LTV regulation has a limited effect on moderating the growth of mortgage
loans as banks and other non-bank financial institutions would lend more as the
value of the housing collateral offered for mortgage loans also increases.

Korea’s experience also suggests that the supervisory authority has consistently
been reactive rather than preemptive in managing macroprudential policy —
lowering or raising the ceilings of the LTV and DTI every time it sees noticeable
changes in housing prices since 2002. This reactive response may help subdue the
procyclicality in mortgage lending, which was shown to expand six months after the
surge in housing prices, but it has allowed market participants to forecast with a fair
degree of accuracy when and how the FSS would respond to changes in housing
market developments.?0

Knowing from the past episodes that the boom could be persistent once it starts,
market participants would rush to borrow as much as they could to beat the
regulatory restrictions that may become more stringent as time passes in a boom
period. In fact, they would take the restrictions as a signal for a housing market
boom on the horizon that is likely to last for some time to come once realized. In the
opposite case where the housing market is down with falling prices, they would stop
borrowing. In fact, they would leave the market even before the regulatory authority
reversed its macroprudential policy when they believe that the boom has reached a
peak. This pattern of behavior on the part of the market participants may have
increased the volatility of housing prices and frustrate the regulators in their efforts
to anchor expectations on future housing prices.

In general, the effectiveness of macroprudential tools may vary depending on the

18 The control variables introduced in Egan and Kang’s study do not include tax regulations, an
administrative control.

19 It was unnecessary to impose the lending regulations nationwide because speculation did not
permeate all housing markets that were disparate and regionally segmented.

20 On this lag, see Kang (2011).
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circumstances in which they are implemented. In the preceding section, it is argued
that the conflict between monetary and macroprudential policies is likely to be more
severe if rising consumer prices are accompanied by stagnation in the housing
market as shown by the recent experience in Korea, in which monetary and
macroprudential policies took divergent paths.

In August 2010, the central bank raised the policy rate to be on guard against the
signs of growing inflationary pressure, while the FSS went on to lift up the DTI ratio
on specific mortgage loans to revive the weak demand for housing. The relaxation
did little in the way of eliciting any positive housing market response, but the
regulatory service could not tighten it any further because of a massive increase in
household indebtedness, which has emerged as an element of systemic risk.2! As
shown in Figure 2, after three years of slow growth, the availability of household
loans, the bulk of which consists of mortgage loans, has been rising since 2009,
whereas housing prices recovered only slightly in 2011 after four consecutive years
of slowdown against the background of rising consumer prices. This divergence has
made it difficult to determine an appropriate combination of monetary and
macroprudential policy (See Figure 3).

In the meantime, household debt grew rapidly, rising to more than 155 percent of
disposable income at the end of 2010 from 125 percent six years earlier. Between 2008

[Figure 2] Changes in Housing Loans and Prices
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2l During the first seven months of 2010, consumer prices rose by about one percent, whereas housing
prices in some parts of the Seoul metropolitan area began to fall beginning in the second quarter of 2010.
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[Figure 3] Changes in CPI and Housing Prices
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[Figure 4] Shares of Mortgage Loans and Deposits by Maturity
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and 2010, mortgage loans accounted for 93 percent of the increase in household debt.
More than 90 percent of these loans carried variable rates and 78.4 percent of
mortgage loans outstanding were overdue, current only in interest payments. Figure
4 shows that the bulk of mortgage loans at banks have been financed by short-term
deposits and borrowing from wholesale funding markets, creating a balance sheet
maturity mismatch. Given this profile of systemic risk, it was clear that the
regulatory authority could not relax mortgage loan restrictions, whereas the
monetary authority had to maintain a tighter stance of monetary policy to keep the
lid on inflationary expectations.

Macoprudential tools such as the LTV and DTI are rather inflexible instruments
that cannot be fine-tuned frequently to alter price expectations in real property
markets. Fungibility of money makes their effectiveness at best ambiguous.
Macroprudential policy for controlling the quantity of aggregate credit needs to be
coordinated with the conduct of monetary policy, but given the different objectives
and approaches coordination between the monetary and regulatory authorities
would be difficult to institutionalize.??

For effective management of macroprudential policy, the regulatory authority,
FSC and FSS, should be able to detect signs of real asset speculation well before they
get out of control and to identify the turning points in cyclical developments.
Equipping the FSS, for example, with macroeconomic forecasting would mean
duplication of some of the functions of the central bank. This possibility, which could
result in competing macroeconomic forecasts, underscores further the need to
construct a mechanism of coordination between the two institutions, which the
following section turns to.

V. Making Operational a Macroprudential Framework for
Financial Supervision

1. Macroprudential Framework

In addressing systemic risk, the financial supervisory authority, FSC and FSS, is
responsible for providing information on the health and efficiency of financial
institutions and developments in financial markets pertinent to the assessment of
financial stability, including the monitoring of various financial indicators,
interpretation of scenario analyses, and stress testing for both individual financial
institutions and banking and other financial industries. While this responsibility of
supplying information and data is of crucial importance, the major task of the
supervisory authority is to construct and manage a macroprudential policy regime.
Like in any other policy, this regime is structured around the goal, intermediate
targets, and tools of financial supervision.

2 The regulatory authorities may have not developed the expertise or culture of macroprudential
policy, while the central bank cannot exercise supervisory control at the level of individual institutions.
These institutional constraints could hamper coordination between the two policy authorities.
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e The Objectives and Modality

Broadly speaking, the goal of the macroprudential approach to financial
supervision is to sustain overall stability of the financial system in cooperation with
other policy authorities. Given this objective, on the part of financial regulators, it
would be instructive to identify some of the most likely sources from which financial
distress originates. In emerging economies, as noted earlier, one of the most
prevalent sources is speculation in asset markets, in particular in those markets for
land, housing, and commercial real estate, which often leads to the boom-bust cycle
of their prices.?

Other sources are likely to be speculative capital outflows and inflows, an
unsustainable current account deficit, and a high degree of volatility in the foreign
exchange rate. Of these potential sources of financial instability, it appears that the
supervisory authority has comparative advantage in controlling speculation in and
stabilizing prices of real and financial assets as it has detailed information on and
influence over the asset-liability management of banks and other financial
institutions.

In stabilizing financial markets, the financial supervisors will find it necessary to
analyze and monitor a large number of financial stability indicators such as those
identified by the global financial stability report by the IMF. In many cases, this
stability or macroprudential analysis is not backed by quantitative analyses using a
coherent general equilibrium model that defines and quantifies financial fragility. As
such, they are descriptive but lack the diagnosis and forecasting of financial stability:
they are unable to indicate whether financial distress is in the making ex ante and
explain the consequences of interactions of financial variables, which are mostly
endogenous.

The macroprudential analysis needs to be supported by general equilibrium
models of systemic stability that can analyze and quantify aggregate financial
stability Goodhart (2004).2* Despite its potential, the reliability and usefulness of the
general equilibrium approach are not proven in emerging economies. Other less
sophisticated and partial equilibrium approaches to defining and measuring
financial distress may be more useful to the emerging economies. For example,
Borio and Lowe (2004) propose a scheme in which the probability of financial
distress is evaluated in terms of a small set of variables that include the ratio of
private credit to GDP, real asset prices, and investment. They show that over a three-
year horizon, close to 60 percent of the crises are predicted in a sample of 34
industrial and emerging economies over the 1960-1999 period during which there

% In the run-up to a financial crisis or during the upswing phase of the business cycle, financial
imbalances are often manifested in sharp increases in the prices of real and financial assets, regardless of
whether the causes of the imbalances are of domestic or foreign origin.

2 Goodhart (2004 and 2006) shows that a general equilibrium model based on a microeconomic
foundation can be constructed to measure and predict fragility of the banking sector, not the overall
financial system. This model includes incomplete financial markets, heterogeneous banks, heterogeneous
bank customers, endogenous default, and credit and deposit markets. An index of financial distress of the
banking sector is defined in terms of the probability of default of the banking sector, which is chiefly
related to bank profitability and the bank repayment rate.
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were 38 crises. In a subsequent paper (2004), they find a similar pattern in emerging
economies when an over-valued exchange rate is included as an additional
variable.?

o Intermediate Targets

Like the central bank’s strategy of using operational and intermediate targets, the
finance supervisory authority engaged in the macroprudential policy needs to
choose and aim at a set of variables that lie between its tools and the goal of
stabilizing financial markets. The strategy to work with the intermediate target is
desirable for two reasons. One is the difficulty of assessing and forecasting
impending financial market instability. The difficulty is often compounded by the
fact that the regulatory authority is not likely to be confident about its ability to
influence the goal directly. Another reason is that whatever operational mechanism
instituted for macroprudential policy, it is not likely to be managed on a day-to-day
basis, but to be activated only when threats to financial stability become visible. By
then it may be too late to deflect the threats. By installing a system of monitoring and
analyzing a set of intermediate targets, which may also serve as early warning
indicators, the financial supervisory institutions may have a better chance of
detecting the signs of impending financial distress early on.

The criteria for choosing the intermediate targets are rather straightforward: they
should be measurable, they should have predictable effects on financial stability, and
the supervisory authority should command a certain degree of control over the
variables. Which variables would then qualify as intermediate targets? It is neither
possible nor practical to consider all those indicators identified by the IMF’s global
financial stability report. A more realistic strategy would choose a manageable
number of indicators that send clear signals of an impending asset market boom. In
this regard, experiences with past financial crises would be helpful in identifying
promising candidates. They are likely to vary from country to country, but some of
the potential variables include the volume of lending, sectoral allocation of loans,
risk spreads, and capital provisions at banks and other financial institutions.

e Management of Macroprudential Supervision

In conducting macroprudential policy, it would be instructive to think of it as a
two-stage process of policy implementation. The first stage concentrates on an
assessment of asset market stability. If potential threats to asset market stability are
detected, financial regulators may respond to the growing imbalances by tightening
microprudential tools at their disposal.?® At this first stage, the macroprudential
response would be tailored to treat all financial institutions the same, as if there were
“n” number of identical financial institutions.

At the second stage of the policy response, microprudential policy would

% The performance of the three variables is measured in terms of the noise-to-signal ratio. In order to
capture the buildup of financial distress, the authors use the deviations of the three variables from the
levels of the time of assessment.

2 The central bank will also be alerted to the disruption and called into action. On its part, the bank
may raise its policy rate to discourage speculation and transaction.
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dominate, which consists of (i) monitoring the extent to which financial institutions
adjust their asset and liability management in response to the tightening of
prudential controls, and (ii) enforcing these controls if they do not adapt to the
change.

In executing prudential controls, microprudential policy should take into
consideration different financial institutions including banks that behave in different
ways and are heterogeneous. This means that the exposure level of risk financial
institutions is likely to be different and idiosyncratic from institution to institution.
Therefore, financial regulatory institutions may have to exercise considerable
discretion in differentiating between financial institutions on the basis of their
relative importance.

For example, macroprudential operations have to weigh up the knock-on effect of
financial distress (Crockett 2000 and White 2004). Banks as the suppliers of liquidity
to the system and large and more complex institutions, such as those engaged in
universal banking, should be subject to scrutiny in monitoring their imprudent
behavior than smaller financial firms whose failure may not necessarily pose serious
systemic risks.

On implementing prudential tools, questions have been raised as to the extent to
which the supervisory authorities should be allowed to exercise discretion as
opposed to relying on a set of rules. In view of the fact that the supervisory authority
will have difficulty in diagnosing the health and soundness of the financial system
independently or in cooperation with other authorities, and the effect of the
macroprudential supervision on the behavior of financial institutions and markets is
uncertain, relying on discretion could be counter-productive. There is also the
danger that the supervisory authority loses its credibility and influence on financial
market participants if they cry wolf too often.?”

2. Need for Tripartite Policy Coordination

An effective policy response to macroprudential concerns of mitigating financial
systemic imbalances with their attendant heavy costs in terms of output and
employment may require a broader framework for macroeconomic policy, which
encompasses not only the use of macroprudential instruments but also monetary
and fiscal policy. Only such a broad policy regime can provide critical information
needed for financial stability about the distribution of risks and various systemic
vulnerabilities stemming from the transfer of one type of risk to another through the
interplay among market participants (White 2004). The framework may also have

% Given these circumstances and risks together with the expediency of the rules, one can make a
strong case for a rule-based, rather than a discretionary, macroprudential supervision. Goodhart (2004) is
an advocate of linking not only provisioning but also the pricing of risks to the volume of the lending at
banks. Borio (2002), however, argues that the rule-based supervision has its share of problems: it may not
encourage financial institutions to improve their risk management, thereby exacerbating incentives to
arbitrage it away, and it may not be consistent with promoting a better balance between market and
policy-induced discipline
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advantages as it could facilitate policy coordination and institutionalize an integrated
role of the central bank, the supervisory agency and the fiscal authority.

In this broader framework, all policy authorities - the central bank, the
supervisory institution, and the central government fiscal authority with a clear
division of labor - are jointly responsible for steering the economy clear of financial
disruptions. Before the supervisory function was separated out, the central banks
were engaged in some type of macroprudential supervision. Now that many central
banks do not have the authority of supervising individual financial institutions, the
responsibilities for financial stability have to be shared among the three institutions
in terms of policy tools at their disposal. In this regard, it may be desirable to create a
tripartite committee consisting of all three policy authorities for monitoring and
analyzing various financial stability indicators and making decisions on the
activation of policy response to an impending financial crisis.

VI. Concluding Remarks

Macroprudential orientation of financial supervision and regulation is not
necessarily a new idea. Most central banks with supervisory oversight have been and
will continue to be engaged in some type of macroprudential supervision. In their
supervisory role, they would rely on many of the microprudential tools as a means
of controlling pro-cyclicality in lending and risk management at banks and other
financial institutions.

Two relatively recent developments have garnered growing attention to
macroprudential orientation of financial supervision both in domestic and
international policy communities. One has been the realization that the best
defense against financial instability begins with strengthening the foundations of the
domestic financial system.

The other has been the creation of an independent supervisory institution in a
number of countries. These supervisory institutions are still bound by tradition of
giving priority to ensuring safety of individual financial institutions to protect
consumers-depositors and other financial investors. At the same time, many central
banks have chosen inflation targeting as the framework for their conduct of
monetary policy. To be sure, central banks should have the mandate to maintain
overall financial stability, as well. Nevertheless, the transfer of supervisory oversight
and the focus of the central bank on inflation targeting appear to have created a
vacuum of macroprudential supervision as a constituent part of an overall
macroeconomic policy framework for financial stability. This is a highly undesirable
and unsustainable state of policy management and will have to be rectified. This
paper recommends the construction of an overall framework for macroprudential
policy to be managed jointly by monetary, fiscal, and supervisory authorities.

As a newly established institution, the independent supervisory agency may not
have had the time to develop either the culture or the expertise needed to
incorporate macroprudential controls in its supervisory operations. This internal
constraint has been compounded by the additional burden of conducting
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macroprudential controls in the absence of a reliable macroeconomic framework for
macroprudential policy that the authority can make use of in evaluating emergence
of financial distress and charting appropriate policy responses. Despite the growing
literature, the ongoing debate, it appears, has not settled on the scope and
effectiveness of macroprudential policy. What is, therefore, needed at this stage of
the debate is further research on the quantification and better assessment of systemic
financial risk and the scope and effectiveness of prudential controls at the
supervisory agencies.
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Appendix:

<Table 1A> Timeline of LTV Regulations

Date Specification uRame&a of | pirection
Se Banks &
2053 - Introduced the LTV ceiling as 60 percent Insurance Inception
Companies
June - Reduced the LTV from 60 to 50 percent for loans of 3 years imﬁife TSN
2003 and less maturity to buy houses in the speculative zones cC panies 9
- Reduced the LTV from 50 to 40 percent for loans of 10 Banks &
Oct. 2003 | years and less maturnty to buy houses in the speculative Insurance Tighten
Zones Companies
- Raised the LTV from 60 to 70 percent for loans of 10 years 2 -
%‘Tdh or more matunty and less than one year of interest-onby 'Tlr:s?tr:rﬁonl:i Loosen
payments
J - Reduced the LTV from 60 to 40 percent for loans of 10 Banks &
2{"]'32 years and less maturity to buy houses worth 600 million won Insurance Tighten
and more in the speculative zones Companies
- Set the LTV ceiling as 50 percent for loans of 10 years and Extended to
less matunty to buy houses worth 600 million won and more MNonbank
Now. 2006 | in the speculative zones and onginated by nonbank financial Financial Tighten
institutions such as mutual credits, mutual savings banks, and Institut
credit-specialized financial institutions
- Removed all areas except the three Gangnam districts off All Financial L
Mov. 2008 the list of speculative zones Insttutions n
- Reduced the LTV from 60 to 50 percent for loans to buy
July 2009 | houses worth 600 million won and more in the metropolitan Banks Tighten
area
; Nonbank
- Expand the LTV regulations to all financial instituttons for - -
Oct. 2009 tha rog likan ares hl‘:;;:;\m_:lal Tighten
<TablelB> Timeline of DTI Regulations
Date Specification A':"‘;;“e .01:1 Direction
- Introduced the DTI ceiling as 40 percent for loans used to
Aug. buy houses in the speculative zones only if the borrower is All Financial 1 4
2005 single and under the age of 30 or if the borrower is marmed Institutions e PO
and the spouse has debt
Mar. - Set the DTI ceiling as 40 percent for loans to buy houses All Financial Tiaht
2006 worth 600 million won and more in the speculative zones Institutions tghien
MNow_ - Extended the range of application of DTl regulation to the All Financial Tighten
2006 overheated speculation zones in the metropolitan area Institutions 9
Feb. - Set the DTI ceiling as 40-60 percent for loans to buy
2007 houses worth 600 million won and less Banks Tighten
- Set the DTI ceiling as 40-70 percent for loans originated by Extended to
Aug. nonbank financial institutions such as INnsurance companies, Nonbardks Tiaht
2007 mutual savings banks, and credit-specialized financial | oﬁiiﬁ? ng ighten
institutions it il
- Removed all areas except the three Gangnam districts off = s
;C?[;'B the list of speculative zones (so, the DTI regulation does not "c;‘" ';';i."c'al Loosen
apply to the metropolitan areas) Lt =i
- Extended the range of application of DTI regulation to the
Sept. non- speculative zones in Seoul and the metropolitan area Banks Tighten
2009 (Gangnam Three 40 percent, non-speculative zones in Seoul g
50 percent, the other metropolitan areas 60 percent)
- Exempted the loans to buy houses in the non-speculative - .
;&J?D zones of the metropolitan area if the debtor owns less than "T“;;Eﬁ_“c'al Loosen
two houses (set to expire by end-March 2011) & TS

Source: Igan and Kang (2011).
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ABSTRACT

During the global financial turmoil in 2007-2008, deviation from the covered interest parity
(CIP) between the Korean won and US dollar through the foreign exchange swap has escalated
in its magnitude beyond 1,000bp in November 2008, and it still persists around 100bp level. In
this paper, we examine a newly developed margin based asset pricing model using Kalman
filter approach and show that the escalation of the CIP deviation is found to be significantly
related to the global dollar funding illiquidity and country-specific funding conditions.
Furthermore, we find evidence that the poor funding conditions (or higher margins) are driven
by the general money market illiquidity and may lead to higher funding illiquidity, which
suggests the reinforcing effects of the liquidity spiral. We also show that the supply of dollar
liquidity and improved funding conditions help alleviate the deviations from the parity,
however the persistent anomaly is found to be related to the high level of volatility in the FX
swap market.
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I . Introduction

During the global financial crisis in 2007-2008, the covered interest parity (CIP) is
violated in many currency pairs, including South Korean won and US dollar. Not
only the deviation from the parity was huge in its magnitude but it still persists up to
the recent time. The covered interest parity, in essence, states that if free flow of
capital is allowed, the duplicated dollar return using KRW/USD spot and forward
should be equal to the dollar return. Basically, any sizable deviations from the parity
implies that there exists a profitable arbitrage between the dollar spot and duplicated
dollar derivatives (or FX swap), and as far as the arbitrage trade is allowed without
constraints, the deviation from parity will automatically revert to zero profit level in
a short period of time.

The question on what caused the deviation from the CIP has long been tackled by
many authors. Largely, two types of explanations have been offered for the parity
dislocations — limited arbitrage and risk compensation. Transaction costs (e.g.
Frenkel and Levich (1977)), capital controls of government (e.g. Ito (1986)), and
institutional weakness (e.g. Alper et al. (2007)) have been the major subjects of the
literature on the arbitrage restrictions, while other studies on political risk (e.g. Aliber
(1973)), liquidity risk (e.g. Bhar et. al (2004)), counter party risk (e.g. Baba et. al (2008),
Baba and Packer (2009)), and funding liquidity risk (e.g. Coffey et. al (2009)) focus on
the risky components imposed in the CIP deviations. In light of the recent
development during the global financial crisis, funding liquidity risk (e.g. Coffey et.
al (2009)) have been considered as the main cause of the deviation, considering the
fact that the deviations are observed in many currency pairs involving the US dollar
in the situation where dollar funding liquidity is scarce. Regarding the dislocations
of the CIP relation between KRW and USD, similar types of explanations have been
emerged. For example, structural imbalance between supply and demand in the
forward market (e.g. Yang and Lee (2008) and Whang (2010)) and credit and
liquidity risks (e.g. Ryu and Park (2008) and Yoo (2010)) are suggested as the main
causes of the deviations. However, the question on how the deviation from the CIP
has emerged in the recent global financial crisis has not been much investigated in
the literature.

In this paper, we would like to shed some lights on the channel through which
the global dollar funding crisis affect the CIP deviations in the KRW and USD pair
based on a newly developed asset pricing model by Garleanu and Pedersen (2011)
using our econometric methodology. They argue that the equivalent securities in
normal times are no longer equivalent in bad times, especially when the funding
liquidity is dried out. In a liquidity crisis, funding positions in risky assets are costly,
and therefore, securities with higher margins' (or harder funding conditions) will be

1 In our paper, the margin is the difference between the collateral value and the face value of a
security. Therefore, higher margin can be understood as tighter funding condition because one can fund
smaller portion of the face value. Please refer to the Section II. 1. about the formal definition of the margin.
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discounted compared to lower margin securities. Especially, the funding liquidity
premium will emerge and be determined by the security-specific funding conditions
and general cost of funding, or equivalently referred to as the shadow cost of capital
in their paper. The US dollar funding shortage driven by the liquidity crisis made the
financial institutions become more cautious about funding the long positions in
Korean won, and therefore, the CIP deviations emerged. Additionally, Korean
financial institutions have experienced currency crisis because of the vast outflow of
foreign capital, which results in the heightened counterparty risk. This will
eventually deteriorate the Korea-specific funding condition and contribute further
deviations of the CIP.

Their theoretical foundations are quite intriguing and have important
implications on the liquidity crisis — the bad time when funding constraints are
binding. Here, we discuss a bit about their theory to understand more on the CIP
deviations. Basically, the funding constraint in their model is stating that the
maximum capital use from funding their positions in risky assets cannot exceed his
or her total wealth. If the constraint is binding, then additional need for a unit capital
should reflect the funding liquidity premium, or the shadow cost of capital. They
show that binding funding constraint leads to several interesting stylized facts. First,
riskless interest rates for collateralized loans jump down during the financial crisis.
This happens because the risk tolerant agents cannot borrow as they would like to
and the risk averse agent should lend less than they wanted to. This can be induced
by decreasing the riskless interest rates dramatically. Second, the spread between
uncollateralized and collateralized loans increases. This occurs when the risk tolerant
agents have binding margin constraints, and at the same time the risk averse agents
do not participate in the uncollateralized loan market. Since the risk tolerant banks
cannot borrow from the risk averse agent, the interbank uncollateralized loans
should reflect the shadow cost of capital and require additional premium compared
to the Treasury rates. Third, the Law of One Price can be violated and last long. This
can be explained if two assets have different margin requirements while having the
same cash flows. Under the binding margin constraints, the risk tolerant agent will
require additional premium by the margin rate to the shadow cost of capital. In this
case, higher margin securities will be priced in discount compared to lower margin
securities. In other words, higher margin securities will cost more capital, and the
price should reflect the shadow cost of capital in order to induce long position of the
risk tolerant agent.

It is important to note that the margins in examining the CIP deviations are not
directly observable. In order to find a suitable proxy, one might try to observe the
“margin threshold2” in FX swaps, however, the margin on the FX swap involving a
long position in the Korean government bond (or implied dollar loan3) is not

2 FX swap counterparties in most cases establish a mutually agreed upon margin threshold. The
threshold is determined on each swap contracts based on the credit ratings of individual parties. For
detailed illustration on the FX swap margin threshold, refer to Barku and Ong (2010).

3 Formally we define the return on the implied dollar loan (D) as the return from an investment by
converting a unit of US dollar into Korean won by spot rate, receiving the interest from Korea, and
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necessarily equal to the margin threshold imposed in the FX swap. For example, a
foreign bank (FB) enters into a sell&buy FX swap with a domestic bank (DB) in
which the FB provides $10 million in exchange for ¥11,000 million now, and after
three month, the FB repays ¥11,000 million and receives $11 million at the swap
rate of W1,000 per unit of US dollar. Suppose that the margin threshold for the FB is
set at $0.5 million while W77 million for the DB. Since margins are basically the
difference between face value and collateral value of a security, the US dollar can be
considered as a security with 5% margin while the Korean won with 7% margin.
However, the 5% of margin (or haircut) set for FB is not actually the margin on the
implied dollar loan because the collateral value of the FX swap and a long position in
the government bond cannot be determined from the margin threshold. Assuming
that there is a security dealer who can make a reverse repo4 agreement with FB so
that he can make a collateralized loan to FB based on the implied dollar loan, the
repo margin5 may be considered as the margin on the implied dollar. Since the
margin on the implied dollar loan can be considered to reflect the credit worthiness
and/or the liquidity of the Korean government bond, the higher worthiness or
liquidity on the Korean government bond, the lower the margin will be, and
therefore, funding for the long position in the implied dollar loan will be more
accessible. Unfortunately, the empirical data on the reverse repo that would permit
identification of the margin on the implied dollar loan is generally unavailable. Still,
it is possible to extract the margin on the implied dollar loan based on our empirical
procedure explained in the followings.

Especially, we extract a measure of the funding conditions (or the margin set for
the implied dollar loan) using the time series properties of discrete approximation of
a continuous time diffusion process for the equilibrium deviations of equivalent
asset prices. Since the funding conditions for the implied dollar loan and US dollar
libor loan is not directly observable, it is helpful to extract the funding conditions
using the Kalman filter and investigate the relevance of the extracted funding
conditions in explaining the deviations from CIP. The model that we consider to
extract the funding conditions is a nonlinear standard state space model where the
funding conditions can be exponentially deteriorated by some underlying latent
factor. The state space model has attractive features that the extracted funding
conditions based on the Kalman filter are stochastic, time-varying and predicted
based on the information available up to the sample period. Therefore, once the
unobservable funding conditions are extracted from data, further intriguing
questions can be answered.

In this regard, it is also interesting to investigate whether the funding conditions

reconverting the Korean won into US dollar by forward rate, i.e, D = s/ f(1 + rP), where s spot, f forward
rates in unit of Korean Won per unit of US dollar, and r? is the interest rate for Korean won.

4 A repurchase agreement (repo) is the sale of a security with a commitment by the seller to buy the
same security back from the purchaser at a specified price at some future date. Therefore, the security
buyer provides a collateralized loan to the security seller. A reverse repo is viewed from the perspective of
the counterparty lending cash.

5 The amount by which the market value of the security used as collateral (face value) exceeds the
value of the loan (collateral value) is called the repo margin.
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are driven by general market illiquidity. Brunnermeier and Pedersen (2008) show
that under certain circumstances, funding conditions (or margins) and market
liquidity can be reinforcing, resulting to a margin spiral. When the shadow cost of
capital is high or equivalently funding liquidity is low, high margin securities are
less attractive because they cost more capital than lower margin securities. As a
result, the market liquidity decreases. Moreover, expected future market illiquidity
will increase the risk of financing a trade, and therefore, increasing the margins. As
high margins increase market illiquidity, this leads to higher margins, which increase
the shadow cost of capital further. The margin spiral emerges if market illiquidity
increases margins.

Using daily data on interest rates, spot and forward exchange rates on
KRW/USD from January 2007 to April 2010, we extract the relative scarceness in
funding (relative margin) of three month US libor loan and implied dollar loan
(Korean CD converted into US dollar at spot and re-converted into Korean won at
forward rate). The relative margin differences are the differences between the
implied dollar margin (mP”) and US libor margin (m®) in proportion to the US libor
margin; (m?—m5)/m5. According to our data, both the CIP deviations® and the
shadow cost of capital are positive in our sample period. Since the risk tolerant agent
with tight funding constraint requires additional premium which is given by the
product of the shadow cost of capital and margin requirements, positive deviations
imply that the margin on the implied dollar loan is greater than the US libor loan.
Our estimates for the relative margin differences show that the margin on the
implied dollar loan is overall greater than the US libor loan, as expected. Since the
margin in general on an asset determines the investor’s own capital required to trade
the asset, higher margin in the implied dollar loan implies that the funding condition
for the Korean currency is generally worse than the US libor loan. In fact, it is not
surprising that the funding condition for the Korean won is commonly weaker than
the US libor loan; the uncertainties regarding the macroeconomic prudence of Korea
- especially the foreign currency liquidity - may restrict the upper bound of leverages
that international investors can take for the long position in the Korean won and
make the margin on the implied dollar loan stay at a higher level than the US libor.

Moreover, it is clearly seen from our empirical analysis that the increase in the
relative margin differences magnified the increase in the deviation from the covered
interest parity. After the Lehman bankruptcy, the shadow cost of capital is
heightened and the higher margin security is further discounted so that the return on
the implied dollar loan is expected to be much higher than the US libor loan, and as a
result, the CIP deviation has been widen. Simultaneously, the relative margin
differences have also been broaden and made the funding condition for the implied
dollar loan to become increasingly degraded, magnifying the soaring the CIP
deviation.

Also, we observe that the relative margin differences can quickly explode to a
very high level and solely affect the CIP deviation. After the early October 2008, the
shadow cost of capital has been dropped; the extreme dollar funding liquidity crisis

¢ The CIP deviations are defined as the spread between implied dollar rate (D) and spot dollar rate
(S=(1+ r®) with r® being US interest rate) , i.e., CIP deviation.=D - S.
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has been passed away. However, the relative margin differences increased extremely
fast in this period and made the CIP deviation record the highest level of 1,000bp.
The fast increase in the relative margin differences seems to have happened in the
situation when the funding condition in the implied dollar loan continues to be
deteriorated while the funding condition in the US libor loan is improved. In other
words, the CIP deviation can deepen fast during the crisis period if the global dollar
liquidity is improved while the funding condition in Korean currency is worsened.

Meanwhile, we also find that the currency swap between central banks contribute
in stabilizing the CIP deviation by decreasing the relative margin differences. On the
late October 2008, the central bank currency swap line of $300 billion has been set.
After a month, the relative margin differences took a downturn and dropped to the
pre-Lehman level, and as a result, the CIP deviation also dropped down and started
to stabilize. Since the margin on the implied dollar loan reflects the credit worthiness
and/or the liquidity on the Korean government bond, lowered margin may imply
that the government bond has regained its market confidence (or the collateral value
has improved). In sum, it is evident from our analysis that the relative margin
differences can magnify the increase of the CIP deviation in the liquidity crisis. It can
quickly increase to the very high level and affect solely to the increase of the CIP
deviations. Also, it seems that the central bank swap line help to improve the
funding condition for the implied dollar loan, and finally decrease the CIP deviation.

Another contribution of our paper is that we examine the relationship between
the relative margin and market illiquidity. As Brunnermeier and Pedersen (2008)
argued, the margin spiral can emerge if the market illiquidity can disturb the
funding condition (or increase the margin on the security). Recently, Coffey et al.
(2009) suggest using the overnight MBS-Treasury repo spread as an empirical proxy
for relative market illiquidity of the two repo securities. Considering that the repo
market is one of the main sources of funding for global banks which can participate
in the FX swap trade, the relative market illiquidity of the two assets can be
considered as a measure for the general market illiquidity. Using three month MBS-
Treasury spread, we find that the market illiquidity can actually explain the relative
margin differences quite well and the margin spiral can emerge in the foreign
currency swap market.

It should be emphasized here that the paper is not intended for explaining the
CIP deviations in Korea before the global financial crisis. The CIP has been
dislocated since early 2000’s, persisting its deviation significantly positive, which
implies that foreign investment in the government bond via FX swap could be
profitable. In fact, Korea has experienced vast amount of capital inflows until the
global financial crisis, although the sudden outflows of capital during the crisis
period has disturbed financial stability in Korea. Rather, the objective of this paper is
to examine the ways in which the global funding liquidity crisis affects the FX swap
market in Korea, in a structural economic model.

The rest of the paper is organized as follows. Section 2 describes the theoretical
model investigated by Garleanu and Pedersen (2011), Section 3 accounts for our
econometric methodology and empirical procedures to tackle some interesting
questions regarding CIP deviations. Section 4 presents the main results and
discussions. Then we conclude in Section 5.
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II. Theoretical Framework

1. A Margin Based Asset Pricing Model

A margin based asset pricing model has been considered by Garleanu and
Pedersen (2011) in a general asset pricing context. In this chapter, we describe the
model briefly and discuss the relationship between margin constraint and the
deviation of the Law of One Price in general setting. The application of the theoretic
model on the CIP deviations will be followed in the next section.

Consider a continuous-time economy where two agents are populated with
different risk aversion y* and yP. Agent a (averse agent) has higher risk aversion
than agent b (brave agent), more averse to risk. Especially, agent a has the standard

constant relative risk aversion preferences u?(C) = 1_1ya C'"'with y2>1, while agent
b has log utility uP(C) = log(C) with relative risk aversion y?=1. The braver agent b
can be considered as more risk-tolerant investors such as banks or hedge funds,
while the risk averse agent a can be considered as private (retail) investor or pension
fund. This economy has several risky assets with price process given by an Ito
diffusion. There are two riskless assets, one for collateralized loans and the other for
uncollateralized loans, and each asset has riskless return denoted as r{ and r¢. Each
security is presumed to have margin m! € [0,1]. The margin process is also an Ito
diffusion and determines the investor’s own capital to trade the security. For
example, if m} is 10% and the security price is $100, then the investor needs to pay
$10 from her capital while the remaining $90 is borrowed using the security as a
collateral. In other words, the security with $100 value is accepted as a collateral for a
$90 loan, and in this sense, the $10 difference can also be called the “haircut’, which is
used interchangeably with the term ‘margin’. Note that since the loan is used to
finance investment, the reciprocal of margin is the leverage that an investor can take
when trading the security. For each underlying security i, there are N; number of
derivatives i, with the same cash flows as i. Especially, the derivative iy, k=1,..., N;
pays the dividend §;.

The equilibrium asset prices can be described by a utility maximization problem
where each agent chooses her consumption level C;, g € {a, b}, proportion of wealth
in risky assets O, proportion of wealth in riskless collateralized n{ and
uncollateralized loans ny. Here we focus on the optimization problem for agent b.
The logarithmic utility for consumption implies that the agent maximizes the myopic
mean-variance utility

o 1 o
maxg v {ré + nEGd — 1) + %0kt — rf) — 23 00)0k(0)T},
under the intertemporal budget constraint

dW, = {Wt (rf + ng(re — () + 2 %(Ult —ri) — Ct)}dt+WtZieitGitdBt'
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and a margin constraint
Zimi [0 + n < 1. M

Here the summation is carried out over all risky underlying securities and
derivatives. The budget constraint describes the wealth process which is determined
by the investment in risky assets, riskless assets, and consumption. The wealth after
initial consumption will gain expected returns based on her portfolio choice, but the
actual increase or decrease in the wealth will finally be determined by fundamental
shocks weighted by her portfolio. The margin constraint in (1) describes the
maximum capital usage which should be less or equal to the total wealth. Any
position in risky securities will use her own capital (or wealth) and the remainder
can be invested into uncollateralized loans, however the total capital use cannot
exceed her wealth. Note that the agent’s capital usage on a risky security ! in
proportion to the total wealth is mi|6}|, which means that the capital is required for
all trading, both long and short position. Let us explain why the capital is required in
both positions first. For a long position (81 > 0), the agent can borrow (1 - m})8! but
she needs to pay the remaining portion, mi6! with her own capital. For a short

position (8 < 0), the agent first borrows the security ! and earns the purchasing
value 6}, but she must post a cash collateral (1+m})8! so that the net capital use is
mi6l. This nonlinear margin constraint is used by Garleanu and Pedersen (2011) to
capture the deviation from the Law of One Price7. They show that the margin
constraint can explain the problem facing any real-world investor.

In addition, the risk averse investor a does not participate in the money markets
for uncollateralized loans and may be allowed in the derivatives market in limited
position. Especially, for the agent a, n!! = 0 and X € A, where Ak is some
admissible set of portfolio for the derivative i¥. This assumption means that the
uncollateralized money market may capture an inter-bank loan market, and the risk
averse agent hesitates to participate in the derivatives market for some reasons, e.g.,
lack of expertise or information.

Garleanu and Pedersen (2011) show that the excess return on a risky security is
determined by its margin m! and the covariance between asset’s return and the risk
tolerant agent’s consumption growth:

. b L
He —Tf = pi’CbO'E oy + hymyy,, (2)

where p; cb =corr(dCE/CP, dPti/Pti) /dt, C? is the consumption of risk tolerant
agent, hi is 1 if the risk tolerant agent b is long security, -1 if she is short, and in [-1,1]
if she has no position, and 1, is the risk tolerant agent’'s shadow cost of funding.
Note that the shadow cost of funding is the Lagrange multiplier attached to the
margin constraint in (1). Equation (2) shows that the excess return is decomposed
into two components; the covariance between returns and consumption growth, and

7 Garleanu and Pedersen (2008) show that the deviation of the Law of One Price cannot arise in the
linear margin constraint given by ¥; mi6} +n < 1
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the shadow cost of capital. The first component is a standard consumption risk
premium which is well characterized by the covariance and the risk tolerant agent’s
aversion to risk. The second component is the margin premium which arises only
when the margin constraint of the risk tolerant agent is binding. In this case, the
shadow cost of capital is nonzero and the agent requires additional premium in
order to trade the security. The margin premium is given by the product of the
shadow cost of capital () and margin requirement (m}). For example, if the margin
is 10% and the shadow cost of capital is 10%, then the additional premium required
from the funding constraint is 0.1X0.1=0.01=1%.

Since the shadow cost of capital is a Lagrange multiplier to the margin constraint, the
first order condition with respect to n" will give the equilibrium shadow cost of capital

Y= rf =g

Consider an underlying security i and a derivative i, which have the same cash
flow 8; and possibly the same return volatility, while the margin on these assets
differ from each other, so that mi # m/. When the margin constrains are binding,
the Law of One Price violates, and they will have different prices even if their cash
flows are identical. Especially, from the above asset pricing equation, the basis (or the
difference of expected returns) is given by

ik . _ ik ik . .
He-pe = (he'my — himp)yy,

where hy =1 or —1 if the agent b is long or short, respectively. If the risk
tolerant agent is long both assets, then the basis is given by (m — mi) Y, while if
long the underlying security and short the derivative, then the basis is (m* + m}) Y.
Therefore, depending on the position of the risk tolerant agent, the basis may be
reduced or magnified.

The consumption risk premium is vanished because the return volatility of the
underlying security is assumed to be identical to the derivative. However, if they
differ, then the basis is given by

Ik i — (hikpmik io0i cb ik cb i
He-pe = (hy'mg* — htmt)¢t+(pik,cb0t Oy = P;cbOt Ot) -

This equation implies that when the return volatility of both assets differs, or
equivalently, the covariances between the risk tolerant agent’s consumption and
those securities are relatively distinct, the basis does not disappear even if the margin
constraints are not binding.

2. Testable Implication on the CIP Deviation
Let s, be the spot rate for KRW/USD at time t, f; the forward rate, rP the

interest rate in Korea, and r{ the interest rate in the US. The exchange rates are in
units of Korean won per unit of US dollar. Under the CIP relation, the US dollar rate
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S¢ (=1 + r{) should be equal to the implied dollar rate which is the return from an
investment by converting a unit of US dollar into Korean won by spot rate, receiving
the interest from Korea, and re-converting the Korean currency into US dollar by
forward rate. Especially, the implied dollar rate D, is calculated by

Dy = X(1+ rP).
fe
If the relationship holds, then we have the CIP given by
T+ =21+ 1P),
t

We define the realized basis y, as the difference between implied dollar rate and
the actual US dollar rate, i.e.,

Ve = D¢— St

In fact, the basis y, can be considered as a spread between the rate of return on the
underlying US dollar loan (S) and on the derivative (D), which is the KRW/USD FX
swap trade involving an investment into Korean won denominated loan. Especially,
we can write

D,— S, = {? (1+P) -1+ rg)} A+ = 1419,

where r{ is the riskless rate of return on the collateralized loan. From the
equilibrium asset prices under binding margin constraints of the risk tolerant agent
in (2), the basis y; will have the expected return given by

Y _ (DD S-S c® b cb s
Hy = (hymg — hymg)y, +(pD,cb0t Of — Ps,chO¢ Ot),

where hi is equal to 1 if the risk tolerant agent is long the asset i, and -1 if she is
short.

Interestingly, we observe that h{ becomes 1 regardless of the agent’s position on
the asset S (or the US dollar loan). This is because we choose the interest rate for the
US dollar to equal to the uncollateralized loan rate, especially the US libor rate. More
specifically, suppose that the rate of return on S is equal to the uncollateralized loan
rate, so that ry = r¢'. In this case, the expected excess return on rd is given by y;
the shadow cost of capital. If we remind the equilibrium asset returns under the
binding margin constraint of the risk tolerant agent, r{ = r{ = r{ + .. The reason
why r{' has positive premium over r; is because one unit of capital in the
uncollateralized loan will have constant positive utility with ., while the same unit
of capital in risky assets will have different utility value depending on the positions.

8 While the utility value for the position of a risky asset i will be miy, if she is long i and -miy, if she
is short, the utility value for the position of a riskless uncollateralized loan is s, regardless of the position.
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This means that the uncollateralized loan rate should be greater than the
collateralized loan rate regardless of the agent’s position in the uncollateralized loan.

For the position on the implied dollar D, it is possible that hP is equal to 1 or -1
depending on whether the risk tolerant agent is long or short D. However, we
assume hY =1 in our following estimation procedure. Here is the rationale. As we
will show in the next section (see Figure 1 for detail), it is apparent that the US dollar
basis is positive on all the observations in our sample period and the short position
(or hy'= -1) will imply a negative basis given the positive shadow cost of capital,
which is not evident from the data. Therefore, we set h®? = 1 and h{ = 1, which
means that the arbitrageurs are long in the derivative (or KRW/USD EFX swap) D,
while either short or long in the underlying US libor loan S. Reminding that the US
dollar rate is set to be the riskless uncollateralized loan rate, the expected value for
the realized basis (y.) is given by

Y — (mD S cb b
Hy = (mg —mg) Y + ppcbog O

Additionally, we slightly modify the original model of Garleanu and Pedersen
(2011) who assume that the capital usage on the uncollateralized interbank loan is
100% of the value that she decided to allocate to. This modification will allow
positive basis when we use the US libor rate in calculating both the US dollar basis
and the shadow cost of capital9. Especially, the modified margin constraints that we
use to estimate the margin based asset pricing model is

> mijoll + miny < 1,
i

where my €[0,1] is the proportion of the value in the uncollateralized loan which
will be deducted or deposited after the choice n“. This modification implies that the
uncollateralized loan also admits funded trading and the risk tolerant agent does not
require to post 100% capital in order to long or short the interbank loan. In essence,
the weight to the uncollateralized loan m;' is different to the margin requirements to
the risky assets i in the sense that shorting the uncollateralized loan by Ang will
release the risk tolerant agent’s capital by m{', however shorting the risky asset i by
A8 will cost her capital by mi. Nonetheless, for convenience, we call m{ as the
margin on the uncollateralized loan.
In this case, if we define the modified shadow cost of capital as

u C
iy It —T¢

lIJt = mg 4 (3)

then we can find that the expected value for the realized dollar basis (y.) is given by

A simple application of the asset pricing equation (2) will show that under no consumption risks, the
US dollar basis can be written as y, = (mP — 1){s,, where m? € [0,1]. In this case, the theoretical basis
should be always less or equal to zero.



Margin and Funding Liquidity: An Empirical Analysis on the Covered Interest Parity in Korea ‘ 47

Y _ (D uNT cb p _ (mP-mg cb p
He = (m¢ — m)Ye + pp cbor OF = my Yt + pp cbO¢ O -

As we can see, the realized dollar basis (or the CIP deviation) can be explained by the
shadow cost of capital, relative margin differences, and the consumption risk
premium. The relative margin differences can capture the relative funding
conditions of Korean currency compared to the US libor loan. For example, if the
funding condition of the implied dollar loan is deteriorated, or equivalently, m¢
increases, the realized dollar basis is expected to increase. Also, we can expect that
the increase of the CIP deviations can also be affected by the increase of the shadow
cost of capital or the increase of the volatility on the implied dollar loan. In the next
section, we describe the econometric methodology where the relative margin
differences are assumed to be a nonlinear logistic function of an unobservable latent
factor.

III. Econometric Methodology

1. Discrete Approximation to the Continuous-time Asset Pricing
Equation

Here we explain how to specify and estimate the model for the realized basis in
the CIP relations. We set the margin condition as time-varying and a nonlinear
function of unobservable (or latent) state variable. As noted before, the funding
conditions (or the margin requirements) are not directly observable in the FX swap
market, and moreover, they seem to be dependent on the market conditions, such as
market illiquidity; see Brunnermeier and Pedersen (2008) for example. The logistic
form of nonlinearity is used to restrict the margin requirements to be in an
admissible range and to model the nonlinear variations in the funding conditions
depending on the state variables. In what follows, we describe our empirical
methodology to identify the parameters, and to make an inference for testable
implications on the realized dollar basis (y,) and the funding liquidity condition.

Now, we consider the return processes of the US dollar uncollateralized loan S
and its derivative D given by Ito diffusions as

dpf ~
—5 —ridt = miy,de,
Pf
and
dpp -
P—; —rédt = (mPe + py oot 0P ) dt + oPdB,
t

where ; is the Lagrange multiplier of our modified model in (3). For simplicity, we
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assume that there is no dividend10 for asset S and D. The difference of these two
return processes is given by

drPP dpf {(m?—m}‘

b
Ty = >1,l}t + pD'CthC atD}dt + 0P dB;,
¢ ¢

u
my

where { is the Lagrange multipler in the original problem.
Over an interval [tj_l, tj], the realized basis process (y;)can be represented as
follows:

t (dPP dPS tj tj o
y; = f =) = | bgsds | byatpeds + f 6P dB,,
tj-1 S S tj-1 tj-1 tj-1

where by = pD'Cbogbog’, by = (md — mY)/mY. The left hand side is the realized
basis in the interval [tj_;, t;], and the first term in the right hand side is time-varying
consumption risk premium, the second term margin premium, and the last term is
considered to be the disturbances in general. If the time interval A=t; —t;_; is
relatively small, we can approximate the above continuous-time model into a usual
discrete-time counterpart. Especially, we can consider a usual time-varying
parameter model given by

yi = Boj + Bij¥; +u;,u;~N(0,07),

where Bg; = Abgy,_,,B1; = Abyy_,and §j = Yy, . For the brevity of notations, we
will use the usual discrete time index t instead of j in what follows.

2. Nonlinear State Space Model in a Logistic Form

It is clear that the parameter B, should be in an admissible range because the
margin requirement m!i should be in the interval [0, 1]. Especially, the parameter
B1:¢ is a bounded function of relative difference in the funding conditions, which is
not observable and possibly depends on the economic states nonlinearlyll. A
nonlinear transformation of the underlying latent state variable based on a logistic
function can deal with the boundedness and nonlinearity. Moreover, the parameter
o represents the consumption risk of the risk tolerant agent whose consumption
process (CP) is also not observable in general. Therefore, a nonlinear state-space
model approach for the realized basis process is relevant for the estimation of the
parameters.

Specifically, we consider a nonlinear state space model in a logistic form of
nonlinearity:

10 This assumption is equivalent to the setting where the dividend process foriand i, are identical.
11 Since the margin requirements are positive and cannot exceed 1, the relative margin (m) —
my)/mg should be in the range of [—1, +00).
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Ve = Bo¢ + ﬁi(Wl,t)lpt +u, u~N(0,05),
Wk,t = Wk,t—l + Uk,t’k = 0,1,

Bot = Wor,
Ve ~ N(O, Uvz,k)/

where B,(-) is the relative margin function which is determined by a latent state
variable in the following fashion

v

Pr(x) = -1+ 1+ep (—x)

with v> 0. In this model, B,; can be interpreted as time-varying consumption risk
premium and f;(-) is the relative difference in margin condition which is a
nonlinear function of the state variable (w;t). The logistic function can capture the
nonlinearity of the relative margin difference with respect to the latent state variable
wy, and at the same time, B;(-) is restricted to be in the interval [—1,—1 + v]12.
Depending on the value of v, the relative margin difference will have the upper
bound —1 +v.

In order to deal with the nonlinearity, we follow the approach by Kim and
Nelson (2006). Especially, the nonlinearity of B;(-) is tackled down by local
linearization based on the Taylor expansion around the predicted value of wy;
based on previous information. The above state space model can be reformulated as

Ve = xcBe + up, Br =P + ve,

where

v ve Witlt-1
Ye = Ve~ {(_1 Mgy ) T+ e Va2 Wt }1!%,
. ve Witlt-1
Xy = [1, —(1+e_W1't‘t_1 )2 lpt]ﬁ

Bf = [Wo,t' Wl,t] ,
!
Ui =uy, v = [vor,vie ]
For the estimation of the parameters, we simply apply the standard Kalman filter

approach. Using the Kalman filter, we can extract the time-varying consumption risk
premium 34, and the relative difference in the funding condition B (wy ).

12 The lower bound for B;(-) is determined by the lower bound of the relative margin difference
(m? — mY)/m! multiplied by the time interval A. Typically, the time interval for daily observations is set
to be 1/250, but we set A=1 because we use annualized dollar basis in our empirical analysis.
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IV. Empirical Analysis

1. Data

In order to measure the realized US dollar basis, we use three month libor rate for
the US interest rate and the yield for three month CD for the Korean interest rate.
The three month rates are in annum so we first adjust the rates for three-month
period by multiplying 91/360 to the rates, and convert the resulting dollar rates into
annum. The US libor rate is obtained from Bloomberg, and the CD rates are from the
Korea Financial Investment Association. In order to calculate the forward rate, we
use a series of swap point data, which is often used to quote the FX swap trade.
Especially, our forward rate is obtained by the summation of the spot rate and swap
point. All data for the spot rate and swap point are observed at 16:00 in New York
time and the source is Bloomberg.

We exploit the shadow cost of capital to extract the relative difference in the
margin condition using the nonlinear state space model. The empirical measure for
the shadow cost of capital is based on the interest rate spread between
uncollateralized and collateralized loan, which is determined by the margin based
asset pricing model of Garleanu and Pedersen (2011). As discussed earlier, we use
three month US libor rate as a proxy for the uncollateralized loan rate and three
month Treasury bill rate for the collateralized loan rate13. This spread is often called
the TED spread, which measures the shadow cost of capital in bad times when the
margin constraints are binding.

2. CIP Deviation and Relative Margin

In this section, we present the empirical findings regarding the CIP deviations
and estimation results for the margin based asset pricing model based on our
nonlinear state space model.

Table 1 presents the summary statistics of Korean, US interest rates, spot and
forward exchange rates of KRW/USD from Jan 1, 2007 to Apr 16, 2010. As we can
see, all the variables show high persistence for the whole period with autocorrelation
coefficients exceeding 0.9. This is a well expected feature of the interest rates and
exchange rate data. Interestingly, if we compare the samples from pre and post
Lehman bankruptcy, we can see that the persistency has been increased for all the
variables. Similarly, the realized US dollar basis (or the deviation from the CIP) has
been increased during the recent financial crisis, especially after the Lehman
bankruptcy. The mean level has jumped from 1.52% to 2.96%, and so does the
standard deviation of the basis. The proxy for the shadow cost of capital (or the TED

13 Coffey et al. (2009) also use the three month Treasury bill rate as a proxy of the collateralized loan
rate.
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[Figure 1] US Dollar Basis and TED Spread
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Note: The figure presents US dollar basis and the TED spread from Jan 3, 2007 to April
16, 2010. The realized US dollar basis y, is calculated by y, = s; /£(1 +1P)-(1 +19),
where 1P is the three month Korean CD rates, 15 is three month US libor rates, s,
is the spot exchange rate, and f, is the forward rates. The TED spread is the
spread between three month US libor and three month Treasury bill rates.

Pre Lehman Period

Post Lehman Period

Whole Period

Jan 1, 2007 - Sep 15, 2008

Sep 16, 2008 - Apr 16, 2010

Jan 3, 2007 - Apr 16, 2010

Mean Std. 1(%:2:;: Mean Std. lél;:;: Mean Std. ég:;:
r? 5.29 028 0.97 3.18 1.17 098 4.25 135 0.98
rs 4.34 1.20 0.98 1.00 1.05 0.9 2.69 2.02 0.97
St 960.68 49.03 0.95 1260.83 112.42 0.95 1108.45 173.15 0.97
f: 959.43 51.26 0.95 1258.06 108.38 0.95 1106.46 171.54 0.97
D, | 40146 1.30 0.93 399.57 3.06 0.96 400.53 2.52 0.96
S, 399.94 1.20 0.98 396.61 1.05 0.99 398.3. 2.02 0.97
Ve 1.52 1.05 091 2.96 2.19 0.94 223 1.86 0.94
Y, 0.96 0.96 0.95 0.83 0.94 0.98 0.90 0.76 0.98

Note: Summary statistics for Korean three month CD rates (r”), US three month libor rate (r;¥), spot
KRW/USD exchange rates (s,), forward exchange rates (f;), implied dollar rates (D, =s,/f,(1+
L)), dollar rates (S, = 1+ 1), the dollar basis y, = (D, — S;), and the shadow cost of capital ( ;).
The shadow cost of capital is three month TED spread. All the interest rates are in percentage units,
and the exchange rates are in units of Korean won per unit of US dollar.
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<Table 2> Estimation Result of the Nonlinear State Space Model

Parameters Estimate Standard Errors
oy 0.053 (0.009)
Oyo 0.108 (0.006)
01 0.190 (0.016)
v 8.655 (1.307)
Log likelihood -27.831

Note: The table presents the estimation results of the nonlinear state space model in Section 3. 1.

spread) seems to be decreasing in its mean level from 0.96 to 0.83 after the Lehman
bankruptcy. Figure 1 presents the realized US dollar basis and the TED spread for
our sample period. It is quite apparent that the TED spread and basis move very
closely for the period from January 2007 to November 2008, however after the
Lehman bankruptcy the co-movement looks to be very weak and dying out. This
might imply that the contribution from the funding liquidity premium is getting
smaller after the bankruptcy, meanwhile other factors, such as the consumption risk
or default risk contributed more in explaining the dollar basis.

Table 2 presents the estimation result for our nonlinear state space model in a
logistic form. All the parameters are estimated to be significant. The volatility of the
disturbances is estimated to be 0.053 while the volatilities for the latent factors are
estimated to be 0.108 and 0.190, respectively. The volatility of the margin premium is
considered to be much larger compared to the volatility for the consumption risk
premium because the relative margin differences are set to be a nonlinear function of
more volatile latent factor (w;.). The upper bound v is estimated to be 8.655,
implying that the margin on the implied loan can be about 10 times higher than the
margin on the US libor loan in an extreme case. This means that the investor’s own
capital can cost up-to 10 times more when taking positions in the implied dollar loan
compared to the US libor loan.

Figure 2 shows the extracted relative difference in margins based on our
nonlinear state space model. The relative margin difference can be interpreted as the
relative difference in funding liquidity (or tightness in funding liquidity) in
KRW/USD EX swap market compared to the US libor market. Since the margins are
the reciprocal of the leverage that an investor can take in funding the position of a
risky asset, higher margins imply lower leverages and vice versa. This implies that
higher margin securities are, in general, harder to fund than lower margin securities.

As we can see, the relative differences in margins are positive for most of our
sample period. This implies that the funding condition of the FX swap market in
Korea is, in general, poorer than the US libor market. Considering the uncertainties
regarding the macroeconomic prudence of Korea, especially the foreign currency
liquidity problem during the global financial crisis, the upper bound of leverages
that international investors can take for the long position in the Korean won could be
restricted and make the margin on the implied dollar loan stay at a higher level than
the US libor. Moreover, we find evidence that the increase in the relative margin
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[Figure 2] Relative Margin Differences
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Note: The figure presents the relative difference in margin conditions (m”-m%)/m® based on our nonlinear

state space model and its 95% confidence bands (based on delta-method). The extracted relative

margin differences are from May 31, 2007 to April 16, 2010.

differences has magnified the increase in the deviation from the covered interest
parity. The CIP deviation, as we discussed earlier, is determined by the relative
margin differences, the shadow cost of capital, and the consumption risk premium. If
we look at the period from the Lehman bankruptcy to the early October 2008, both
the relative margin differences and the shadow cost of capital spiked up, resulting in
the soar of the CIP deviations. We also can check from Figure 2 that the relative
margin differences are more significant during the period when the CIP deviations
soared. This implies that the increase of the CIP deviations are largely driven by the
increase of the shadow cost of capital, and the relative margin differences have a
magnifying effect of further increasing the deviation. Also, we observe that the
relative margin differences can quickly explode to a very high level and solely affect
the CIP deviation. If we focus on the period from the early October 2008 to the early
December 2008, the relative margin differences boosted up to the highest level of 3.9
while the shadow cost of capital decreased significantly to the pre-Lehman level. In
this period, the CIP deviations recorded the highest level of 1,000bp. The reason why
the CIP deviations increased further even if the shadow cost of capital is decreased is
because the relative margin differences have shot up very quickly. It seems that the
funding condition in the implied dollar loan has deteriorated while the funding
condition in the US libor loan has improved, so that the relative margin differences
have quickly increased and contributed to the skyrocketing CIP deviations. The
improved funding liquidity in the US libor loan and the decrease of the shadow cost
of capital might be affected by the large swap line between central banks, especially
between Federal Reserve and European Central Banks in the mid-September 2008.
Meanwhile, the funding condition in the implied dollar loan is disturbed by the
concern on the foreign currency liquidity crisis of the financial institutions in Korea.
As the gap between the implied dollar and US libor funding conditions widened, the
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[Figure 3] Margin Premium vs. Risk Premium
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Note: The figure presents the margin premium and consumption risk premium imposed in the

US dollar basis. Both the margin and risk premium are extracted by the nonlinear state

space model. Especially, the figure plots §; (w;)TED, and f,, for the margin and risk

premium, respectively.

CIP deviations have further increased and recorded the highest level. In the mean
time, the $30 billion swap line between Federal Reserve and the Bank of Korea (BOK)
has been set at the end of October 2008. A month later, the relative margin
differences dropped, and as a result, the CIP deviations also came down to the pre-
Lehman level.

The swap lines between Federal Reserve and the central banks of developing
countries have positively affected the decrease of both the shadow cost of capital and
the margin on the US libor loan, while the swap line between Federal Reserve and
BOK seems to attenuate the margin on the implied dollar loan. Since the margin on
the implied dollar loan reflects the credit worthiness and/or the liquidity on the
Korean government bond, lowered margin implies that the government bond has
regained its market confidence (or the collateral value has improved). As Baba and
Shim (2010) noted, the swap line effectively increase the BOK’s foreign reserves,
which should have enhanced market confidence, leading to the decrease of margin
on the implied dollar loan. However, it seems that the time-lag between the swap
lines may affect the funding conditions differently, amplify the relative margin, and
increase the CIP deviations further. Note that after December 2008, the relative
margin differences are no longer significant in explaining the variations of the CIP
deviations. This implies that the shadow cost of capital disappears in the pricing of
the price deviations and the funding liquidity crisis might pass away.

We also find that the consumption risk premium also explains the CIP deviations.
Figure 3 presents the margin premium and consumption risk premium imposed in
the CIP deviations. The margin premium is calculated by multiplying the relative
margin differences to the shadow cost of capital. As we can see, the consumption risk
premium is relatively stable compared to the margin premium. Assuming that the
consumption volatility itself is relatively small, the consumption risk premium is
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basically determined by the volatility of the implied dollar loan (or the swap point).
As expected, the consumption risk premium increased after the Lehman bankruptcy
and stayed around 2% level until the mid 2009. Since the margin premium is not
significant after December 2008, it seems that the decrease in the CIP deviations after
December 2008 is largely affected by the stabilization of the volatility in the FX swap
market. In this regard, it is clear that when the FX swap market is stable and the
liquidity concern is no longer binding, the CIP deviations will be much decreased.

In sum, we find that the shadow cost of capital together with relative margin
differences can explain the deviation from CIP in the sample period before December
2008. From our analysis, it was evident that the relative margin differences can
magnify the increase of the CIP deviation in the liquidity crisis period. Moreover, the
relative margin differences can quickly increase to the very high level and affect
solely to the increase of the CIP deviations when the funding liquidity in the global
money market improved with some time-lag. Also, it seems that the central bank
swap line between Federal Reserve and the Bank of Korea help to improve the
funding condition for the implied dollar loan, and finally decrease the CIP deviation.
After the liquidity crisis period, the stabilization of the FX market seems to be
important in decreasing the CIP deviations.

3. Does Market Illiquidity Affect Margin?

Now we turn our attention to the question whether market illiquidity affects the
relative margin differences. As Brunnermeier and Pedersen (2008) argued, the
margin spiral can emerge if the market illiquidity can disturb the funding condition
(or increase the margin on the security). In this case, the margin spiral can emerge so
that the margins have magnifying effect in increasing the financial instability. In
order to investigate the relationship between the margins and the market illiquidity,
we consider overnight MBS-Treasury repo spread as an empirical proxy for the
market illiquidity. Recently, Coffey et al. (2009) suggest using the overnight MBS-
Treasury repo spread as an empirical proxy for relative market illiquidity of the two
repo securities. As discussed in their paper, repo markets have become one of the
main sources of funding for commercial banks, investment banks and securities
lenders in recent years. Therefore, the relative illiquidity of MBS repo to the Treasury
repo is assumed to be general collateralized loan market illiquidity in the sense that
the illiquidity in the repo market will affect the trading activities of the banks,
leading to the money market illiquidity. Also, the relative margin differences may be
affected by the credit risks of the Korean government bond because the margin on
the implied dollar loan should reflect the credit worthiness of the government bond.
When the credit risk is high, then overall expected risk compensation is increasing so
that the asset prices including the collateral value will fall. This can affect the margin
on the implied loan.

We use three month MBS-Treasury spread, which are the spread between three
month repo rate using MBS as collateral and three month repo rate using Treasury
bill as collateral. We also use the CDS spread of the 5 year dollar denominated
government bond of Korea for the credit risk. All the data is provided by Bloomberg.
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<Table 3> Market Liquidity and Relative Margins

Variables Estimate t-value
MBS-Repo Spread 0.572 (5.37)
CDS Premium 0.382 (12.67)
Constant -0.024 (-0.46)
Adjusted R-squared 0.517

Note: The table represents a simple regression results of y, = x, + u;, where y, is the relative margin
differences and x, is a collection of explanatory variables, especially the market illiquidity (MBS-
Repo spread), counterparty risk (CDS premium) and a constant term. The sample period is from
May 31, 2007 to Dec 31, 2008, and the number of samples in this period is 683.

[Figure 4] Fitted Relative Margin Differences
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Note: The figure presents relative margin (m”-m%)/ mS and market illiquidity. We use
three month MBS-Treasury repo spread as a proxy for the market illiquidity and
CDS spread for 5-year government bond of Korea for the credit risks. For the
estimation of relative margin, we use the nonlinear state space model. Note that
the starting date is May 31, 2007 because we discard the first 100 estimates.

Table 3 presents a simple regression result of the relative margin differences
being regressed on our proxies for the market illiquidity and credit risks for the
sample period from May 31, 2007 to December 31, 2008 when the funding liquidity
concerns seem to affect the CIP deviations. Note that the extracted relative margins
are available from May 31, 2007 because we discard the first 100 observations for
estimating the nonlinear state space model. As we can see from the table, all the
regression coefficients are significant and positive. This suggests that both the market
illiquidity and credit risks increase the relative margin differences. We also can check
from Figure 4 that the overall variations of the relative margin differences are well
captured by the market illiquidity and the credit risks.
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V. Conclusion

There has been lasting question on why the deviation of covered interest rate
parity in KRW/USD FX market has lasted long and wide, especially during the
global financial crisis. In order to answer the question, we use the framework of
Garleanu and Pedersen (2011) who relates the funding constraint and deviations of
the Law of One Price. According to their result, the margin constraint has an
important role in equilibrium asset prices and the Law of One Price will be violated
under the binding margin constraint of the risk tolerant agent. When the
fundamental is bad, the margin requirements are binding so that the arbitrageurs
cannot borrow from the risk averse agents as they wanted and this will decrease the
collateralized loan rate (or riskless interest rates, or Treasury rates) in order to induce
the risk averse agents not to lend as much they would like to. Also, the
uncollateralized loan rate (or interbank loan rates) will be greater than the
collateralized loan rate to reflect the shadow cost of capital of the risk tolerant agent.
The shadow cost of capital, which is close to zero in normal times, will spike up in
the financial turmoil and affect the asset prices with identical cash flows but different
margins. In the context of CIP deviations, the different margin requirements (or
haircuts) of US libor loan and implied dollar loan induced from FX swap trade will
contribute to the increase in the CIP deviations.

Our estimation results show that the margin difference together with the shadow
cost of capital is the main cause of the CIP deviations. With our empirical analysis for
the CIP deviations, we extract the relative margin differences and find that the
shadow cost of capital together with relative margin differences can explain the
deviation from CIP in the sample period before December 2008. From our analysis, it
was evident that the relative margin differences can magnify the increase of the CIP
deviation in the liquidity crisis period. Moreover, the relative margin differences can
quickly increase to the very high level and solely affect to the increase of the CIP
deviations when the funding liquidity in the global money market improved with
some time-lag. Also, it seems that the central bank swap line between Federal
Reserve and the Bank of Korea help to improve the funding condition for the
implied dollar loan, and finally decrease the CIP deviation. After the liquidity crisis
period, the stabilization of the FX market seems to be important in decreasing the
CIP deviations.

Another contribution of our paper is that we provide an empirical evidence for
the relationship between the relative margins and market illiquidity. In a recent
work by Brunnermeier and Pedersen (2008) on the margin and funding constraints,
lower market liquidity may increase margins, which tightens investor’s funding
condition further, leading to the so-called margin spiral. Such a feedback effect has
been considered based on the assumption that the market illiquidity is increasing the
margin requirements, and we show an evidence that the market illiquidity can
increase the margins. We also believe that the margin and funding liquidity channel
which derives the CIP deviations can be compared to other interesting theoretical
models with alternative model specification. We leave these tasks to future works.
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ABSTRACT

This paper empirically investigates the rates of embodied technological change and their
relative contributions to total factor productivity growth for manufacturing, using the Korean
plant-level manufacturing data for the period of 1985-2003. We adopt a production-based
estimation method proposed by Sakellaris and Wilson (2004) in order to examine the
marginal productivity increase of each vintage of equipment over time. We find that the rate
of embodied technological progress of Korea’s manufacturing sector maintains the annual
average level of 13.7 percent from 1985 to 2003, slightly lower than 16.9 percent of the
U.S., estimated by Sakellaris & Wilson (2004). While the rate recorded a remarkable
increase after the 1997 financial crisis, IT-producing and IT-using industries achieved higher
rates of embodied technological progress than non-IT counterparts.
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[Figure 1] Capital Goods Prices Relative to Non—durable Consumer Goods
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2. $ANZ L W49 74
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<Table 1>& B AFor e}t BEAFTAARE o]gate] YASrE 43
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18) FEATAAEE LA FADEo] A B/ AU PAUIE ABAL A7) S A, BrFet

Foz AR Uk & A7E Az 6] SYave] 24 B YonE, Azt o
ARAE 2, oAl oaﬂ P R hyze) ARE EHC,




33 NI MUHO A3t leTEg 23 | 69

{Table 1> Comparison of Estimated Rates of Embodied Technological Change

) . Korea U.S. Japan
Variable (coefficient)
(1985~2003) (1972~96) (1997~2002)
Embodied Tech. Change(Y) 0.137(0.009) 0.169(0.049) 0.169(0.015)
Labor(B) 0.353(0.001) 0.322(0.005) 0.188(0.001)
Intermediates(©) 0.597(0.001) 0.545(0.005) 0.786(0.001)
Machinery & Equipment(a) 0.046(0.001) 0.108(0.005) 0.021(0.001)
Non-residential Construction(n) 0.056(0.001) 0.020(0.004) 0.017(0.001)
Energy Usage(T) 7.577(0.324) 2.421(0.054) -
(Dunny_ Multi-plant firms) 0.079(0.008) -
No. of Observations 311,781 96,846 47,729
adjusted R’ 0.962 0.927 0.992

Note: Standard errors corrected for heteroskedasticity and serial correlation in parentheses.
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20) 22} B A7} Sakellaris and Wilson(2004)9] 3= MZ tf2 2732t E
7Aokstedof 3k, Sakellaris and Wilson(2004)& BLS9} FRBOIA AMe-5h= 77dzhi2]
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{Table 2> Embodied Technological Change: Before vs After the Financial Crisis

. . Before the Financial Crisis After the Financial Crisis
Variable (coefficient)
(1985~96) (1997~2003)
Embodied Tech. Change(Y) 0.039(0.013) 0.194(0.013)
Labor(B) 0.378(0.002) 0.315(0.002)
Intermediates(©) 0.580(0.001) 0.623(0.002)
Machinery & Equipment(a) 0.044(0.001) 0.051(0.001)
Non-residential Construction(n) 0.053(0.001) 0.058(0.001)
Energy Usage(T) 13.54(1.500) 5.003(0.191)
No. of Observations 179,428 132,353
adjusted R’ 0.9625 0.9614

a8l 19E JURHE AS TR BE Zaol UL W, o Foit
27} mlol wlal ARA ALge) B4 tha Bolrhe AL Ean:
A 4 (5)el UeRt Slol, Mgt 71em) AR Tlejshs AR A7)
SR8 AHIEAe] FQulge] oJs A4k by ool Aok Seteke
5} 71eAngo] W] Hlal tha B 5291 FAlo] AREAT} AN A3}
£ HIF 4] vio} A5} 71471R] AA Y S0 U@ Jelmt gra ez

Wi

<Table 2>°ll= A713Hs £J3H917] AFEZE o] A543 23t et qloh2)
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22) 2189)7] o]AF o]FZ 198597 A7} 1998~2003F 717tO. 2 AU Z-2 199838 A|9)ska AF
st F4X9) FRE A DA Y= AR vERdt
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{Table 3> Embodied Technological Change with Learning Effects

) ) Whole Period Before the Crisis After the Crisis
Variable (coefficient)
(1985~2003) (1985~1996) (1997~2003)
Embodied Tech. Change(Y) 0.154(0.010) 0.078(0.013) 0.184(0.014)
Labor(B) 0.354(0.001) 0.379(0.002) 0.315(0.002)
Intermediates(©) 0.597(0.001) 0.580(0.001) 0.623(0.002)
Machinery & Equipment(a) 0.048(0.001) 0.047(0.001) 0.050(0.001)
Non-residential Construction(n,) 0.055(0.001) 0.051(0.001) 0.058(0.001)
Energy Usage(T) 8.022(0.368) 16.877(2.353) 4.942(0.189)
leadl -0.007(0.001) -0.015(0.003) 0.007(0.002)
lead2 -0.007(0.001) -0.013(0.003) 0.002(0.002)
lead3 -0.007(0.001) -0.013(0.003) -0.000(0.002)
No. of Observations 311,781 179,428 132,353
adjusted R’ 0.9619 0.9626 0.9614

o= fo8k 79 sulgaYr}t YepA] g gih

5k, <Appendix Table 1>0& 215F AB|FA A ] H]ZL 30% 2 50% o]Fo=Z 3}
of AFA A7}t et th <Table 3>3} <Appendix Table 1>ol Yl = A}
2 F9 B, AT AHEAE R o 52 SHlETsL Athe Hol
WA, obge] Algto] AU A4S SeHla N S4HE Zog Yehdth

C ITAY vs HITAKRY =8 At
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{Table 4> Estimation Results for Non—IT Industries

Variable (coefficient)

After the Crisis
(1997~2003)

Embodied Tech. Change(Y)
Labor(8)
Intermediates(©)
Machinery & Equipment(a)
Non-residential Construction(n)
Energy Usage(T)
leadl
lead2
lead3

No. of Observations
adjusted R’

Whole Period Before the Crisis
(1985~2003) (1985~1996)
0.146(0.010) 0.068(0.013)
0.351(0.001) 0.376(0.002)
0.600(0.001) 0.584(0.001)
0.048(0.001) 0.047(0.001)
0.055(0.001) 0.051(0.001)
8.500(0.418) 20.507(3.532)
-0.008(0.001) -0.015(0.002)
-0.008(0.001) -0.014(0.002)
-0.007(0.001) -0.014(0.002)
303,608 174,671
0.9617 0.9624

0.178(0.014)
0.312(0.002)
0.625(0.002)
0.051(0.001)
0.058(0.001)
5.081(0.201)
0.006(0.002)
0.002(0.002)
-0.001(0.002)

128,937
0.9610

{Table 5> Estimation Results for IT Industries

Variable (coefficient) Whole Period Before the Crisis After the Crisis
(1985~2003) (1985~1996) (1997~2003)
Embodied Tech. Change(Y) 0.424(0.153) 0.285(0.196) 0.480(0.264)
Labor(B) 0.448(0.009) 0.474(0.011) 0.418(0.014)
Intermediates(©) 0.519(0.006) 0.490(0.008) 0.566(0.010)
Machinery & Equipment(c) 0.039(0.005) 0.039(0.006) 0.034(0.007)
Non-residential Construction(n) 0.046(0.005) 0.047(0.006) 0.044(0.008)
Energy Usage(T) 6.151(0.316) 8.025(4.372) 3.998(1.346)
leadl 0.010(0.009) 0.006(0.012) 0.026(0.014)
lead2 0.022(0.009) 0.026(0.012) 0.017(0.014)
lead3 0.017(0.009) 0.014(0.012) 0.018(0.014)
No. of Observations 8,173 4,757 3,416
adjusted R’ 0.9664 0.9659 0.9687
A7 ZA Wk FErk IT B A o]9]olXE 7] Rl gk AFEA) <]
1.0
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{Table 6> Estimation Results for the Industries with High IT Usage

Whole Period Before the Crisis After the Crisis

Variable (coefficient)

(1985~2003)

(1985~1996)

(1997~2003)

Embodied Tech. Change(Y)
Labor(8)
Intermediates(O)
Machinery & Equipment(a)
Non-residential Construction(n)
Energy Usage(T)
leadl
lead2
lead3

No. of Observations
adjusted R’

0.222(0.030)
0.369(0.003)
0.611(0.003)
0.037(0.001)
0.040(0.001)
7.191(0.751)
-0.011(0.003)
-0.007(0.003)
-0.008(0.003)

53,063
0.9704

0.142(0.040)
0.391(0.005)
0.603(0.004)
0.035(0.002)
0.034(0.002)
20.544(9.163)
-0.018(0.004)
-0.008(0.004)
-0.015(0.004)

29,403
0.9717

0.271(0.044)
0.341(0.005)
0.621(0.004)
0.040(0.002)
0.047(0.002)
4.093(0.326)
0.004(0.005)
-0.005(0.004)
0.002(0.004)

23,660
0.9691

{Table 7> Estimation Results

for the Industries with Low IT Usage

Variable (coefficient)

Whole Period
(1985~2003)

Before the Crisis

(1985~1996)

After the Crisis
(1997~2003)

Embodied Tech. Change(Y)
Labor(B)
Intermediates(©)
Machinery & Equipment(a)
Non-residential Construction(n,)
Energy Usage(T)
leadl
lead2
lead3

No. of Observations
adjusted R’

0.143 (0.011)
0.352 (0.002)
0.594 (0.001)
0.049 (0.001)
0.058 (0.001)
8.078 (0.411)
-0.006 (0.002)
-0.007 (0.002)
-0.007 (0.002)

258,718
0.9606

0.066 (0.014)
0.377 (0.002)
0.578 (0.001)
0.048 (0.001)
0.054 (0.001)
28.864 (3.265)
-0.014 (0.002)
-0.017 (0.002)
-0.013 (0.002)

150,025
0.9613

0.171 (0.015)
0.313 (0.002)
0.621 (0.002)
0.052 (0.001)
0.061 (0.001)
4.881 (0.201)
0.008 (0.003)
0.004 (0.002)
-0.002 (0.002)

108,693
0.9601
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{Table 8> The Annual TFP Growth Rate Due to Disembodied Technological Change

Method for Constructing Capital Stock Panel data Cross-section data
A 2.42%p 1.80%p
B 2.27%p 1.33%p
C 1.83%p 1.14%p

Note: A - The average of year-start capital stock and year-end capital stock (capital goods deflator applied).
B - Perpetual Inventory Method (capital goods deflator applied).
C - Embodied technological progress and capital utilization also considered (Non-durable consumer goods
deflator applied).
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{Appendix Table 1> Estimation Results for Learning Effects

Variable (coefficient)

New Investment Accounting for
More Than 30% of Capital Stock

New Investment Accounting for
More Than 50% of Capital Stock

Embodied Tech. Change(Y)
Labor(B)
Intermediates(©)
Machinery & Equipment(a)
Non-residential Construction(n,)
Energy Usage(T)
leadl
lead2
lead3

No. of Observations

adjusted R’

0.154(0.010)
0.353(0.001)
0.597(0.001)
0.048(0.001)
0.055(0.001)
7.972(0.363)

-0.009(0.002)
-0.009(0.002)
-0.006(0.002)

311,781
0.9619

0.154(0.010)
0.353(0.001)
0.597(0.001)
0.048(0.001)
0.055(0.001)
7.864(0.350)

-0.017(0.002)
-0.012(0.002)
-0.006(0.002)

311,781
0.9619

{Appendix Table 2> NLLS Estimation Results by Industry

Industry

Whole Period
(1985~2003)

Before the Crisis
(1985~1996)

After the Crisis
(1997~2003)

Beverage and Foods
Textile and Clothing
Paper Products
Chemical Products
Petroleum/Coal
Non-metallic Products
Basic Metals
Metal Products
General Machinery
Semi-conductor
Electronic Parts
IT-appliances
Electronic-appliances
Transport Equipment - Automobile
Transport Equipment - Others
Precision Equipment

Other Manufacturing

0.071° (38,321)
0.294° (50,194)
0.234° (17,877)
0.099° (39,726)
0.568 ( 793)
0.002 (23,254)
0.184° (11,048)
0.229° (25,014)
0.152° (30,402)
0.230 ( 827)
0.309° (15,191)
0.563" ( 7,346)
0.459° ( 2,898)
0.228° (10,851)
0.015 ( 3,740)
0.271° ( 5,334)
0.083* (22,100)

-0.157° (23,596)
0.208° (31,971)
0.192° (10,379)
-0.050 (20,872)
0.125 ( 526)
-0.141° (14,509)
0.153* ( 5,904)
0.119° (12,666)
0.077 (14,958)
0017 ( 414)
0.157 ( 7,626)
0360 ( 4,343)
0.194 ( 1,716)
0.118 ( 5,553)
0.149 ( 2,243)
0.161 ( 2,854)
-0.043 (14,246)

-0.015 (14,725)
0.299° (18,223)
0.239° ( 7,498)
0.177° (18,854)
1.033 ( 267)
0.192° ( 8,745)
0.208° ( 5,144)
0.341° (12,348)
0.187° (15,444)
0.400 ( 413)
0.336° ( 7,565)
0.601° ( 3,003)
0.560" ( 1,182)
0.283° ( 5,298)
-0.034 ( 1,497)
0.271° ( 2,480)
0.186" ( 7,854)

Note: a, b and c¢ indicate significance at a 10%, 5%

The number of observations

are in parentheses.

and 1% level, respectively.
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{Appendix Table 3> Industry Classification by IT—Usage

Industry ID

Name

Wearing Apparel; Dressing and Dyeing of Fur/ Tanning and

18~19 Dressing of Leather; Manufacture of Luggage, Handbags,
Saddlery, Harness and Footwear
23 Coke, Refined Petroleum Products and Nuclear Fuel
High-using Industry 27 Basic Metals
29 Machinery and Equipment n.e.c.
13 Medical, Precision and Optical Instruments, Watches and
Clocks
34 Motor Vehicles, Trailers and Semi-trailers
15 Food Products and Beverages
17 Textiles
20 Wood and of Products of Wood and Cork, Except Furniture;
Manufacture of Articles of Straw and Plaiting Materials
21 Paper and Paper Products
Low-using Industry 22 Publishing, Printing and Reproduction of Recorded Media
24 Chemicals and Chemical Products
25 Rubber and Plastics Products
26 Other Non-metallic Mineral Products
28 Fabricated Metal Products, Except Machinery and Equipment
36 Manufacture of Furniture; Manufacturing n.e.c.
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ABSTRACT

This paper consists of two parts. The first part introduces a simple endogenous growth
model. It is based on Romer(1990), but extends the original model by incorporating
individual workers skill heterogeneity. Based on the heterogeneity, the model has a labor
allocation mechanism between skilled (research) and unskilled (production) sectors. Different
from Romer(1990), the labor allocation is determined by both demand and supply conditions
of the economy. The endogenous growth model presented in this paper shows how the shape
of the distribution of human capital affects on the labor allocation, hence on the employment
structure, wage profile and economic growth. The model can be extended to an open
economy. With the heterogeneity, the extended model explains distributional effect as well
as growth effect of the economic openness.

The second part provides empirical evidence in support of the extension part of the
model presented in the first part. Based on the endogenous growth framework as proposed
by Romer(1990) and Rivera-Batiz and Romer(1991), the model explains how economic
openness affects labor allocation between skilled and unskilled sectors. According to the
model, economic openness can affect labor allocation through two channels; knowledge
spillover and specialization. First, the openness promotes knowledge spillover and hence
increases the productivity of workers in the skilled sectors. This makes the economy
employs more workers in the skilled sector. On the other hand, the openness causes global
specialization which leads more employment in the skilled sector for the developed countries
but at the same time, leads less employment in the skilled sector for the developing
countries since the developing countries have comparative advantages in the unskilled sector.
The empirical results obtained using cross country panel data in this paper support these two
effects of knowledge spillover and specialization.
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S7h= AAIZ 4713 o]2RFe] ARshe nioh o] agTxo JdEFS MRS
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=g 79, g2 she H= }(fmal good producer) 2] 0] &L Folx 7]

srzald T4 2 =5 zfrm o EGH Az QA
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oh 3 5 232 3 ARl AU|HE AFEC] o9 22 &2 4= 1dd
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A L FHAel gk wdo] o]Foix= hH SQEHE Q] X]21E 2 Kknowledge
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2o FAL Te} 2k ANRNAE AHAAS Fe T 3 /|RT S 2
ok AMPATE 5 23S AR 292 g8t olefdt DS 53 92
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2 AoMe 222 18R HEE 2 vgd FandE A2 =EEHallocation) 7}
e Argstr] Sl e AEEES ATlgith B el avfehs WA AR
719] Romer(1990) =&l 24 o] @S 7P 202 o]Hgt AL AlQletale
Romer(1990) E&o] 25 IU|Z wj=3 Q).

ojgtoll e WA F B9 7ETRE 13| AWl ol B8 BP0 zHE
7BAe] A7 E o] DA EEHEAE |25 gtk 3 o]
o onmjot o] T3 A& F Ae B A AKX dsiAE i
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o} AA, Romer(1990) 5 719 WA AFEF ] IrA] F2& wet =5APdS A

A Q=) B HSA A rsd) 5 F SR L8HEeE FREH =4, &

4) 71E9 FREY TRPIAR BadME JNEEAE B8 £H¢ 2|49 & ) dEEs)
2~E{(Domestic R&D stock: DRD)S E3l], s|9]25E FUE e x2eite] At &9 A dEa ~
E{Foreign R&D stock: FRD)S B3l S48tk AAS U 8-S i) AV A58 28 F=

5) o] F-E-& Yeaple(2006)] ololt]iolE whith thek Yeaple(2006)2] 28 WA AR 79kstA]
B A B4 vl 2 =2 23S A AR 7Nek S A E4olzke AellA A}
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€ BAFAEL 2EAZA 3713 F N9 EHE F shuel A Ade fick

AR, N AAFASL DEY AL (continuum) 2A] 7H7R10] Ad 71453 (2)d u}
waxshed], 2R VEgEe "ol o Ao FolxH o]59] BEE ths
zZ

>0) (1
© M =528 7lErE, AT X2 FHE AR5 B (parameten) = A
[e)

z
o gol A25E AHOR Be 7E5FS A =EAT} Ho] ZAFL o))

A, 74A19] FJ9= 12 EF8Knormalize) k. TR, 718 AAFA S gk
AL Yaari(1965)9} Blanchard(1985)°ﬂ o AAE wrel 2e A (perpetual

youth) R &S Wtk &, B ZAFAESL dold Wid v 7|3t po] 52 A
shedl, wi7leieh AR 9 B4R 571 Edate] AA WAe FATE B4
Ao FEE GADT, A, ZRASE 2 AR olB T1EFEE AT 9o
U o]29 ASAAE 25 BY3t) = o]5e ey go] Al P LS F
thsista gk
. —(p+p)(t—ty)
Mazx / loge, e dt 2)
tl]
da,
5.t P ra, +w,—c¢,
(2, to= B AIA, pe AIZH S (time preference), pv= UH7] Are g, r& 9
Efrate of return), c= A2HF, av AREFHAATFAES ST A&
2 2), wE AL 99
6) 4714 AFEZE AHE olfirs, 5 B2 4= Al sdF EX P A FARES of
E AR A 28 AT RS B4 Y (analytical) 2 ©F ‘5‘} lell g-ola7] mEoltt A2 th
QFO 2= Pareto EE 1L} Log-normal EYX 5o 3lor, ol BEX = AFRES} 22 dxtAh eyl o}
Y A (peak) S 7HA 1L Felal= HolA ZAHo] ok JE%L]- E510)| A A8-gF Barro and Lee(2000)

A5 A A AR wE 2R FEO] F TEREA YT A FHE T8 1HT
AE TF HEE IR FeH ot AFHo 2T FHIA 71eFTTo] - (peak) ] ol HIXI3ThH=
ol A Pareto ¥3EL} Log-normal FXEE ARSI A4S 4= U= Aol A dofx AT
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BaoA 2788k e HEE Romer R8o 7FE 7122 Romer(1990) =&}
TRRRRAE HEA ALY S0 AL AT S A R AR, 7 Bl
AT BT 71E9] Romer(1990) ¥ FU3HA AAF o] ok Zhzhe] Ftol digh

71 ZEx MAEZ(final good sector)
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o] 4 3-8 S AR = €59 FF23assortative matching)®] WS R AS
71 949 Baskekn e WL olelek FHel Asishe AR AelHoR e
579 7S BAd 2RAE SAGTHRRN, 18] BE 22AE u]AL
(FHEA WHRRAN B35 A HI o)F Bo) BE ZRATL A V)%
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(equilibrium threshold skill-level)= z, o2}l SPA(TE JEA o]HT; =2 2] 7]

2 AU 22ASS BT QAL TARM H6] 184 e 2EASe F
A AR FAFSHA e, o]d et AHS vy As FX), v AR A
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(& N tAFNA S S T7 7, 22 THAA 7IETE, 0(z) = AT
5 = 4 8,

AERRAN A =B wFAI, h(:)E A )N B Hsh gL
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[Figure 1] Structure of the Model

Wage
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Produce Final Good Workers
Final Consumption
Good
Input
Research
Intermediate Workers
Goods Input
Invent
v New Designs Wage
Intermediate License Fee Dividend
Good Sector |+ "l Research Sector
Patent Rights
wR(z)ZPj (t) « €7 « N(t) for all jEN(t), 2E€ [z,,00) (10)
(&, P () ;A Z0A00) tist £ 2] 7F A (present value), N(t)E t A Fol|A]
BA} waE e 20 FRel 52 )
AR 2L FIHAE sl H =2 HES AaEEe] &

ZAE AFHE Aol FdstH, o= MEE X ZHBl SeAEdS S0
d

Az Al A gto = 2t AFETEEe] Bkl e 7S g
wE 270 UF E5A A 3 A7 R Qe AaHasse)o]Hl, o)
A AAFAZE] A A0 T UHo] A eich

o]/fol| e} o] AvEl B39 7By E shte] 1o AstH [Figure 112
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Pi= [ Tas) e as = 2 (16)
t

3718k vke} o] B 2 Fo] 7]E2] Romer(1990) 2 Acemoglu(1998) 52 TE ==
3

=48 AAe A)HE 4450 SUwsel o @ FF 2% B oJaA 24
Hthe A, ojn) HAxEe] £ D TF THL T Lol £EHT,

o H
A mFAge]l @S olFHd dRU 7IETE(z)d VEs BT 2=A

of Aol ol HEoIN FABEA Augle] BU PFE Wolel HEE 4 (17)
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[Figure 2] Wage Profile of the Economy
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[Figure 3] Equilibrium of the Economy
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[Figure 4] Summary of Resource Flow of the Economy
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[Figure 5] Comparative Static Analysis
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[Figure 6] Wage Profile (Case 1 & 2)

(i) Case 1: Without Knowledge Spillover (i) Case 2: With Knowledge Spillover
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[Figure 7] Wage Profile (Case 3)
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[Figure 8] Wage Profile (Case 4)

(i) Developed Country (ii) Developing Country

Wage Wage

Wy W,
' o P . (Skill-level) > . (Skill-level)
21
Al=XY
V. 452N
ok ol N A APAA Ao @} 32 99 gdae 5A BN
ABTE -

73 Z(knowledge-spillover channel) ZA] the]7HH-S- 3 Z4=12]
TEREC] BlmolA SAE A4s o Bol 8 & A HH ¥
57FetaL ol 'I}F)r BAY e SV B ¥ B2 2E24

o] e LEHEE sk a9E AUA o tE shvie AISSE F
Z(specialization channel)ZA] 7|7} 7W=o] =7} 7ke] mo] o] FAX|A =W Z1=
& A=ro] HAL¢9E 7HAAL e FE] Aatel Sl Het, ol gk Bl

BANEE s B rlsde] AAQl gt e A "ok S

219] o] FjHoz B HR=e il
o] AR AL MIEdaS vl Hlae-9)7t
AL A HW A2 A=o] Hlue-9E Ad FEY ALl S5 o
Aar Z=o] AETEE olof] FS WA "t F, 57} 119 wHo] o] FoAX|A =HH

X
it
1o



118 | wmEmsm% / 2012, |

AZEAS A MFEed digh AW v 2tk 94 B 2RE fHe
A48 A2 Z43}7] 8l Coe and Helpman(2009) 5-0] 7§a3} 9] A7hatEa}

2

2~E{(Foreign R&D stock) AEE ©]-&3tATE & Z71e] 39 AFNLFA 252 F9
Atate] U ATFETEAF 25 (Domestic R&D stock) S F=] Z7PdE =4 HF
e} 7iegade =M A, ol Zt=o] s AFNETEA A5 4= o
TNEERL AJAE A5 E o]-83e] AL (perpetual inventory method)ol] W} 5
AE}, Eaoe= AS5E2AS 218l Coe, Helpman, and Hoffmaister(2009)0l 4] R a1e 2z}
=9 & AFNEFA 25 A5 E AR o] &3Ithl) 7|y #E F3E5F nit
THRAZ BaoAe sje] A7tEAl A5 S5, a2|al AATE tiH] £ vlF
(Import/GDP)o] S5 3|2 HH A= A2ete] Arr & F o= 7Pgsdth

ki, AAHES AZE F35 die/ity] a9E ASs] f8 o 22 7 S
o] MFES 1At shve U A7PEFEA 25 AxKDomestic R&D gap) Q1T
ole Ztao A AFNLEES Bl FHE A2 S 7t 7l A= vlasr] ¢
3 AREETE S AFNEEA 25 Axe 3 57k Sl AEEA 25
(Domestic R&D stock)®] ¥ 7P W& o] ] A7/NEFEA 2585 Ad F7H8) 9

16) A2 8at0] ekt - (Case 3] BE ehd [Figure 71 BA53} A2 whet AAA Y] 1
g0 DAL EAE RATT Ao B, [Figwe 81 A|A13Hb0] AT 71T B9 (Case H2A
AN AT B ZANY B} U5 AZE B BAE FEs YE ol B 3

K%
1o o
)
1>
i\
=

B3l ANl 187X A AHE AAES A2E B A
Taste] Bor

17) 5 A8+ Elhanan Helpman(Harvard University)2] &3 0]A| S S ¥/l Ach

18) <Appendix 1>9] Q°F FARZAAAN & F Qe wpe} o] /M B 4o IU AWiLEA 25
(Domestic R&D stock) S 2 3}aL = Ul w5022 Domestic ReD Gap™™* = vl=re] i) A+
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T QTALEA 250 ) mmstozA TRk 5, & Tk AT
AAke okels) 2ol A F glol F4% AT 71$43 Ft Arke 7
& ojmgki

] A AFNETER AR Domestic ReD Gap')

_ Domestic ReD StockMer
Domestic ReD Stock'

for all country i1

AESE 58 29E ASs] 98 dadt v she] W R&D YEE
(R&D dependency) 1, o= g =7t dvht B2 4] R&DE 59l o&Es=AE
UERE wWgo|th R&D oEEE R&D 7IF FUIFSR&D weighted import
penetration) = F3l S ETE oJwl] Y F-E(import penetration) F/F §F = 71] WA
ZHo A el o5t o] HlFo] duh HEAE AYE =, R&D 7IE FUA
e 019} 2 FARFE AT Al 2 ‘ﬁtﬂ R&D =S 7EoR T HT TR
A T Aok &, FYg FAIFES VI F7E sleEkE At A 02 R&D
7{}‘*‘}_7} =2 219 FYPRTE @EJ} T7HYGE R&D 7 FURFES H 2
A vehbsd], BaolMe o] =Y R&D =7t diFe® ¢ Adal 7t
T wEbA] oLl
A1 A= Domestic R&D gap)7} 3L R&D 715 FUXHFEE A3 R&D «] =7
Z 7ML TE AAVNY Al AAESE HEE T3 ANEE) R A g
A58H/E F A= Q4T & ok

N

A, A28 &M Aol ldEhe 2] 3 F33H7] YA Barro and Lee
(2000)2] =718 w5433 S(educational attainment) AHEE ©]&3}HTE & AHE= 1950~
20101 7IRF F A 5 BHE M7l 7S e 249 254 o Mits

NETE2} 2588 AMS-StTh

19) 94714 3 %7}4 oﬂ;L;Hum—‘H H -9 2R 718X % 525 R&D stock®] &, a2
B9 7|&g4t S o3 EgFHoE AAHH o vt ek o] YT AF+= Grossman
and Helpman(1991) 719 Tyl A AR A8 E AR o] 8t AY o]E0] AMES WS
a2 Agste TS wlth

20) R&D 715 FYHFE(R&D weighted import penetration)2 Tol= ol tish R} Mgk A2
<Appendix 2>E FZ.
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{Table 1> Occupational Category by ILO

) - Professional, Technical and Related Workers
Skilled Sector e .
- Administrative and Managerial Workers

- Clerical and Related Workers

- Sales Workers

Less-skilled Sector - Service Workers

- Agricultural Workers, Fisherman and Hunters, etc.

- Production and Related Workers, Transport Equipment Operators, etc.

F(HE o, dE vwk 1E o), 1E vvho =
TRkl o]k 2L St Ry ok P & i Z=o] A AS 7853
o olu Zh=re] ’%’*&7}%‘3?0 st BX = ol A3 o] 2Ryl FUTH
AFEEE AHSI o2 ojnf 1E sjFehs WA 1299 TeFE(2)S T

2 3K normalize) 33Tt

A =E7IFHILO)E 1970\ o] HI7HA] 22| 2F(occupation)'d FHAAF = A}
25 A=HE AFslaL e, 5 ARd] mEW 225 A$E A <Table 1>
3} 7EL°] 7709 AFoE FEEH EJ_Oﬂ/HL ASEAS fal A71g The] A
T 5 A7 348 s SRR, e 4SS visdi R ekl
ok O]Q]r e FAE7TY ARE o]&shd Zh=e] dxd

=8 5 owsd e

T8 HITE Ao e, AUH R SFo] £& 2RATE SHRTe] agHna

7Hget oleh 2 HFd 1§ wF AR} ZEA S RIS o gste 74
o AR dFM 7ETE(z)E FEE + Uk

= g7z FFS vAE B2 2AE0] US F A

o,
ro
M
@
X
ofN
El
i
- 2|
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v
2
f
2
R
&
g
s}
=
=N
=N
>
a
=
o
&
l'1

21) Barro and Lee(2000)2] Datasetol| 4] Z=r2] 254 o] Q1= 15 A E(educational attainment) B =2 T3}
2o 79l aFo 2 FEHL (1) No Schooling, (2) Primary Total, (3) Primary Completed, (4) Secondary
Total, (5) Secondary Completed, (6) Tertiary Total, (7) Tertiary Completed.

22) A ()& F=
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ZH e 7 58 4 njsE 229 180 0jX= F
T Ak olg KR5S FAIS] fal Eare] AFEAAME Al dAE
Sl 1 7R 3 (fixed effect model)S ARE-SFITE HESE Earo A gt oz 71
H(1970~2000'd 717h) AEE ARESIAS= FRbete] dF AEA] Q1S ARt
sEol wt o WS F deoll® Fosilt: ol Sl BadMe AR Al &
o] A7 55 B Jxo} SRFE =3t o] Ao flojxe] A
H Axke] WstE itk A=Y A7 55 Be Akl thgh AR < Ginarte
and Park(1997), Park(2008) SollA 4 - Hi1H £33 H 3 A|4%(Patent Protection Index)
£ ARSI SEEE = Al tigk Fe] AEe qlojx o] Al AAt AEE UE
e HrEs SAeE77e] ARE ol 8ste 4= Axd A AP2E2A T &
s TARL HIE /A TR T S SAA HIE S T8k ARSST
ASEAE 918l 2170 OECD 57F=9] 1970~20001 713 & Al dAts
£ AR2YBI o, o] &3 A5 EXE EAsH t T

* OECD STAN Database/UNIDO
* [LO Occupational Employment Database
* Coe, Helpman, and Hoffmaister(2009)
* Barro and Lee(2000), ‘Educational Attainment Database’
] 6 7} (fixed

* NBER Industrial bilateral Trading Data
St 1%

* Feenstra(2008), ‘UCD Statistics Canada Trade Data’
* Feenstra et al.(1997), Feenstra(2000)
* Ginarte and park(1997), Park and Lippoldt(2005), Park(2008)

Skoll A Advget nie} o] 747 217859 HEARE ol
H =Fo9 o]

L) 24 B2
4 Aishe o o st AAZ YA PR
= oo UgEs didez sta e A, AA
3 A Do) OECD 752 o] FoA] UL
TANLER 25, gy =,

23) 2171 =7ke] ke <Appendix 1> FZ. o]¢} 7Ho] OECD F/Fewhs: o g ZAHIARTE 753
L3 & =72 o|2R o] V| EH o Ao A7)
AFEFEIAL e WA A AR
b
20 T

tell= % 714 o7t ok A, A58
(steady state) FEIE FHsIATH= A, A
=
o] i F37
AZE A0
=
el 3 4

F2 ATEdRERTE 4055 2Ad
7k sfje] 4
25 Se
= AAR olF %715 AN HA AT 2A
o e, X2EZ, g 5 o] FAEE0] 2P e b 719) Felth

SEY =25
<Appendix 1>°1]4] no} o)
3 e AR F)o] Z7PARE g Aolsithe F(ole 1970 o1%9 7] AAIE A7t AHE-EH
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effect model) & FHHOM, A Thes} 2.

Aln(zy ;) = a;+ o+ By A CG,

+ B, Aln(DRD;,)+ B, Aln(FRD;,)

+ ByIM;, | Aln(FRD;,)

+ B4 In(Dgap; ; )

+ B85 AIM;, In(Dgap; , )

+ B A WIP,,+ (: APP;,

+ Bs A Ggap;+ Byln (21, 1)+ €
(& A7IM ie =7k te = UeiH, 2,2 994 7leTE, oce DA
o224 F gEgEY o o]'/] gEs Ad 222 vlE, e 7Y HE
(Import/GDP), DRD$} FRD+ Z}Zt DomesticZ} Foreign R&D stock, Dgap-
Domestic R&D gap, WIP< R&D 71% FU3FE, PPe 219 539 HS 3
& Yee A, Goap(AA 8224 7 sdes SAR BlE /314 G2
22 F sHeE TAA HIE)S AEAPGA 9] o] AE A AT E UERA.
AT 12} 2RSS 9H))
oF Zellx] gt o2 Yol = 919 429 Ro=
FE A4 5,9 FEe (HE AR ddET I olfre= tiekEY oy s
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7] otk A, g, 9] Foe (¥ AR oAHe, 1 olfr= wl dTEE
A} 2~E(Domestic R&D stock)©] F5525) SHF-F FAle= T2A] AAkdo] =
3 wEpA SEFEY] =EFaTF A Hol FE A TIETE(2)) 0] dHFOE s

£ TN

il

24) 71 SEeF FF9 EX FeE Yehl= A3k B4 CG(College Graduate Share)S AFE-SF AL o
PAA 7NETE(2)SE T4 }h ol Agkol ARE-EIS17] W]t
25) ol& & Ao By FiEA & It Adkeke A 7Y 5 UEE Vo] Ade A 9
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b AFSEA Al of2lgt 8R1E9] I7PE AolE TE3] aLPsljof o5 AAFE:
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o]

{Table 2> Panel Regression Results

Dependent Variable: Alog(z,,)

(1) (2) 3) 4) (5) (6)
log(zs,) L0.760%%% | L0.731%%% | 10.766%** | -0.734%** | 0.083 | -0.056
BlZ1e-1 (0.158) | (0.161) | (0.168) | (0.176) | (0.087) | (0.089)
2085 | 2.170* | 1944 1928 | 6211%** | 6.570%+x

A
¢ _share (1209) | (1204) | (0.193) | (1227) | (1.576) | (1.370)
Alog(DED) 0361%%% | 20211 | -0338* | 0137 | -0.016 | -0.017
' 0.103) | (0.127) | (0.132) | (0.168) | (0.040) | (0.035)
Alog(FRD) 02005 | 0.134 | -0.199% | -0.125 | -0.305%* | -0.202%*
g (0.103) | (0.116) | (0.109) | (0.118) | (0.125) | (0.097)
L0.191%%% | 0.196%* | 0.186*** | 0.192%* | 0146 | -0.111

IM,_. - Alog(FRD,

vor t AlOgUERD) 6 0say | 0081) | (0.060) | (0080) | (0.093) | (0.094)
log( Dap._0) 0.163%* | 0079 | 0.155** | 0044 | -0.007 | -0.007
S 0.051) | (0.073) | (0.062) | (0.086) | (0.012) | (0.012)
0.269%* | 0266% | 0269%* | 0266% | 0227 0.135

Alog(1M;) - log(Dgap, ;) (0.108) | (0.133) | (0.116) | (0.136) | (0.172) | (0.166)

0.051%%% | 0.053%* | 0.052%** | 0.055%* | 0.015% | 0.019%*
0.016) | (0.020) | (0.016) | (0.021) | (0.008) | (0.007)

Alog( WIP,)

Alog(PP) -0.016 -0.037 | -0.109*** | -0.051
B (0.031) (0.036) (0.039) (0.039)
-0.267 -0.251 -0.009 -0.007
Alog( Gga,

og( Ggap,) (0.300) | (0.317) | (0.405) | (0.411)
Constant -0.595%** | -0.275 | -0.559** -0.132 0.042 -0.125
(0.186) | (0.298) | (0.223) (0.338) (0.079) (0.102)

Total elasticity of Az, with respect to":
— -0.264** | -0.199* | -0.261** -0.189 | -0.354*** | -0.239**

AFR IV

FRDG 80D 1 0109y | 0112 | 117 | ©0117) | 0130) | (0.108)
—— 0.176*** | 0.092 0.168%* 0.057 0.004 -0.001
P A /

Dgap(By+ G20 16049y | 0.072) | 0062 | (0.086) | (0014 | (0.121)
Fixed Effect Yes Yes Yes Yes No No
Time Effect No Yes No Yes No Yes

# Obs 63 63 63 63 63 63
R® adjusted 0.717 0.736 0.721 0.743 0.447 0.552

Note: Robust standard errors are in parentheses (¥** p<0.01, ** p<0.05, * p<0.1).
Time dummies are not reported.

1) Total elasticity is evaluated at their sample means (A= 0.3355 , AIM=0.048).
Standard errors for the total elasticity is calculated by delta method using Stata command ‘nlcom’.
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<Appendix 1> Summary Statistics

Ratio 2000 to 1970

2 A DRD FRD M IP wIP PP G,
Australia 0.63 0.79 4.35 2.63 1.74 2.24 1.63 2.04 1.04
Austria 0.97 0.52 8.70 3.65 1.61 1.99 1.63 1.64 1.17
Belgium 0.95 0.55 4.63 2.60 1.73 2.24 1.97 1.52 1.00
Canada 1.61 0.40 6.00 2.40 2.01 2.24 1.69 1.60 1.00
Denmark 0.57 0.82 5.05 227 1.33 1.54 1.32 1.87 1.07
France 1.13 0.48 4.07 2.29 1.79 2.69 2.33 1.44 0.99
Germany 0.91 0.50 4.60 2.39 1.71 2.67 2.09 1.50 1.07
Greece 0.78 0.61 82.92 2.71 2.15 1.50 1.18 1.71 1.17
Ireland 0.99 0.53 9.70 3.47 2.06 1.71 2.06 2.12 0.97
Italy 1.23 0.53 4.67 1.84 1.70 1.95 1.44 1.66 1.05
Japan 1.66 0.49 9.28 1.99 1.07 2.40 1.15 1.89 1.01
Korea 1.15 0.47 3297.92 2.83 1.47 1.07 0.95 1.92 1.32
Netherland 0.74 0.58 2.07 3.08 1.37 1.89 2.10 1.41 1.02
Norway 0.95 0.54 8.35 2.86 0.78 1.19 1.05 1.62 1.08
New Zealand 1.78 0.31 3.58 3.09 1.49 1.35 1.27 1.48 0.98
Portugal 0.99 0.50 2.14 1.64 1.54 2.14 1.96 3.01 1.36
Sweden 1.01 0.59 5.79 2.36 1.75 1.67 1.23 1.76 1.05
Switzerland 0.57 0.76 1.96 2.82 1.33 1.87 1.89 1.55 0.97
Spain 0.81 0.55 16.98 1.21 2.58 491 3.16 1.66 1.14
UK 0.83 0.65 1.78 2.66 1.43 2.57 5.09 1.71 0.95
USA 1.70 0.45 2.34 5.94 2.72 3.88 - 1.27 0.99
Average (1970~2000)
z A DRD FRD M IP WIP PP Gup
Australia 0.954 1.447 16,367 559,816 0.172 22.90 26.21 2.994 0.936
Austria 0.608 2.857 10,910 230,244 0.357 44 .87 54.08 3.417 0.770
Belgium 0.666 2.263 22,061 243,423 0.641 68.43 74.21 3.827 0.936
Canada 1.385 1.015 40,346 1,143,243 | 0.279 36.93 46.61 3.442 0.989
Denmark 0.862 1.694 8,670 212,960 0.346 49.38 56.73 3.558 0.931
France 0.687 2.459 153,504 252,938 0.222 24.01 15.10 3.854 0.952
Germany 0.635 2.492 240,636 235,070 0.269 25.26 5.98 3.779 0.935
Greece 0.797 2.565 819 217,620 0.271 37.20 44.68 2.871 0.754
Ireland 0.772 2.295 2,359 366,316 0.595 57.92 76.34 2.848 1.019
Italy 0.745 2.792 61,828 252,605 0.211 20.05 17.68 3.713 0.873
Japan 1.087 1.954 365,532 673,897 0.106 6.70 2.95 3.613 0.939
Korea 1.195 2.167 30,767 648,099 0.331 21.18 19.83 3.104 0.772
Netherland 0.675 2.038 42,075 293,364 0.542 58.70 52.62 3.988 0.943
Norway 0.699 1.962 7,883 224,544 0.344 43.13 47.90 3.242 0.921
New Zealand | 1.157 1.449 1,533 395,941 0.285 3548 40.97 3.027 0.966
Portugal 0.810 3.031 1,604 214,892 0.349 30.74 39.35 2.167 0.828
Sweden 0.656 1.881 31,511 244,625 0.310 34.24 29.53 3.573 0.969
Switzerland 0.630 2.122 43,835 256,492 0.354 40.04 33.58 3.625 0.908
Spain 0.877 2.560 14,813 318,127 0.202 18.76 26.27 3.277 0.898
UK 0.661 2.076 208,910 305,580 0.257 29.33 13.47 3.825 1.007
USA 1.326 1.061 1,410,843 | 153,426 0.105 12.30 0.00 4.431 0.990
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<Appendix 2>

R&D 715 FUXFE(R&D weighted import penetration)S Th-3} o] =4 Ht}, o
£ 98l 9A o 2ol Al TR "5E FYsitk o kA = AE AHE
e,

i}

rulo

ReD Investment;

(i) R&D intensity using value added: RDIV; = Value Added, %100

ii) Import Penetration: /P, fmport, 100
: = e
(if) Import Penetration " Production; + Export, — Import;

. Value Added;
(iii) Value added weight: WVA, = <100
E Value Added;

=y

theolle flolxlel 2ol ol WMyES o83t oo} o] AFd™ R&D 75
Z)(R&D weight)Z -3},

RDIV;x WVA;  ReD,

Z{ ReD [nvestmentij B N ReD,

(iv) R&D weight: WVA, =

3 Value Added, | ="'

€7

rpxgo g2 theap o] Zbare] R&D 7IFE FUXFE(R&D weighted import
penetration)= -+t

(v) R&D weighted import penetration: WIP; = Y[ WRD; X IP;, < M_Share ]

=y

where M_share is the import share of manufacturing goods
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ABSTRACT

This study analyzes ways to detect protest responses (hereafter, PR zero-bid) in the
contingent valuation method (CVM). In order to distinguish PR zero-bids from true zero-bids
(non-PR zero bids), this study adopts the concept of the implicit willingness to pay
employing the Hicksian compensating surplus and the Taylor’s Ist order approximation.
When a respondent proposes a zero-bid (i.e., WTP=0) and chooses a PR filtering item to
indicate that her implicit WTP is not necessary zero, her response is identified as a PR zero
bid. PR filtering items falling into the PR zero bids category include the uncertainty of
information, distrust in the government and project achievement, disagreement to project
plans, discontent with the fairness of public works and their payment method and animosity
against the CVM itself.

The empirical analysis shows that PR zero bids take place systematically in particular
respondent groups: respondents who have never used similar facilities before nor plans to
use the facility provided by the public project, the employed, and low income groups. In
conclusion, the study suggests that a CVM questionnaire needs to be designed carefully to
minimize problems associated with PR zero bids and the potential risks of having sample
selection bias should be concerned.
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Z7AR-7121Z79 ¥ (contingent valuation method, ©]3F CVM)2 BIAIZA] Q] HA|Z 73]
£ Sk WHY R, F3ANS BAA Hels Alkshe ol FHEIsHAl A=
o] sttt R HEE WAS o] &3 A CVM AFoA ZAMIL SEANA 35

= 9| wislo)] A5 7P AU E EHE & %%LXMW] e A
A3l AAE FH(bids)= AES A =R E=T [Figure 1] ]
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[Figure 1] Survey Design with a Kristrdm's Question in Dichotomous Choice Models:

|dentifying Protest Zero—Bids

the 1% bid proposed(b)
willing to pay?

Yi% \\IAO
the 2™ bid proposed(2b) the 2™ bid proposed(0.5b)
willing to pay? willing to pay?
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choose an item
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non-protest zero-bids ized into
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Non-PR Zero-Bid N
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No protest zero-bids

A5 (stated preferences)”7} #-Q19] A AT E HHFsIA] b= 749 stk
ARARGE BT (VM 7AEe] 71 TS CVMe] Al SHAe) A
S oAPEA TGN A = <A S(revealed preferences)’ 7} obd,
7HE 7P AU s A3 & SEAIA AR AERYAE #
(stated preferences)’ ol 7]Z3}3 JTh= HA EWelt}3) o]= CVM
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rr
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ol
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Aol EAshe A97F EE0] o&3te dl 4ds] Aotk Al WRo] AM8E F §le AF-
AR 7FEe HIAA Ao 2E AAIMSHR Y sdsiie] Atk AT FFARC]
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o] W= 7HE AUE WAl = AL 2| $Cummings, Ganderton,
and McGuckin[1994]). ©]& ©]-FZ CVM Q7AEL AEARE-SH| 23t 1 (bias) S
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B ERE ARARSHE $% Aok F A ol F ARATSH B

o F=38talat gtk A3 CVM Aol A= ARG WEL zero-bid 5-HA}
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A B ARG I (protest response filtering items, [Figure 1]o|4] PRFZ 3E7])S
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2
X
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SA Al 719k 9 S zero-bid -3 B2 non-PR zero-bid(s) =, A5 9} FA3t -9 A
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1
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WTP,=— Dye(p,E°,u") < Ef' =— Dye (p, B’ u’) < v,E* (3)

21 (3)0] ZAA WTP,(Implicit WTP)E E718}3L UThd 2] (e F=d A=
Atl(Stated WTP,y & JepdTE FFA7F &gl olm F71e FFAE AR - 33t
A Ak glo] o]&(v, = 1NT F A= FEA i o FAA wrrE 08t 27] i
SHEHAF E219] Azl wpel Aol SHE H-F zero-bidsE AATHA = &

Ty A% SEHAEY TEH ABYIALN(Stated WTP)S A%l 23] A5

A A& A M (Implicit WTP)H THe 4= Itk AEAR-SHS 7l e

ojehd F WTP 7H9] F2lv BT SHAY Ay s o3 i o5
Al

WFE A @)ollX FEHT 6= SHA i7F QA BRIF EES T A Wl A
A1 t‘dﬁ}«l WA AEE YA, [+ SHAS] Mg g5 AR5 YepithdE
B BF 0, vhe] A5 1),

Stated WTP,= I, X §,; WT'P,= I, X [— Dye (p, E°,u")] x §,E* 4

2, XMg7R5EY W

9] A 3)F @E o83t Fed AEeitde
I8 R] &L zero-bidsES TE3F T <Table 1> £
Z°Jt}. <Table 1>9] gtol sk DO -9 il
AN WTP, (Implicit WTP,)7} %3(0)0]7] W&ol zero-bidsE F&3dt 7490 sjdsich
<Table 1>2] M~B] FGEH= PRF 2|2-EE <Table 2>0 Aal=o] 9
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(Table 1> Criteria for Detecting Protest Responses (or PR Zero—Bids)

R for Offering Zero-Bid Egs. (2) and (3): Eq. (4): Protest
easons for Offering Zero-Bids Implicit WTP, Stated WT'P; | Responses?

@ public bads Dye(p.E°u”) >0 in Eq.(3) =0 X
@ cannot afford to pay e(p, B°u’)=e(p, E'u°) in Eq.2) =0 X
@ zero-marginal utility Die (p7EO.,u0) =0 in Eq.(3) =0 X
@ no plan to use v, =0 in Eq.(3) =0 x
(® a negligible change in E EA=0 in Eq.(3) =0 X
not enough information is given: o

uncertainty
(@ distrust toward government unknown (6, =0) =0 0
® don't believe that the project o

achieves the goal
© unfair to ask me to pay O

unknown (£;=0) =0

@0 ill-feeling against the project

HHA, <Table 1>9] ©~100] 3E3h= zero-bidse 2] (3)ol] oJ3l A== A
Aol A )9 5,1k 19 kel 00] HWA AEE it A fioketal SHE A&
AR Fol| st A CVM ARENME SEAY] FEH AEojatelo]

1 o2 ©~00°) 3= PRFE 93k AEATZHOE BREEH, AEAF
SH37 BHEE PRFOE <Table 3>0] A#]H o] ok

9] F Aol g TAAY Vs oldAE 2E(E AEAFT-EHS oid

zero-bids; Lh A B ARl S Feh= zero-bids) oA ThFolzITh

6) <Table 2>9} <Table 3>°] H1¥ PRF= &5 KDI® A&F3 #d A3 A7 (Jorgensen et al.[2006];
Strazzera et al.[2003]; Bateman et al.[2002]; ?.ﬂoévf?r &% 3[2009]; Jakobsson and Dragun[2001]; Griffin and
Mjelde[2000]; Aprahamian et «@l[2007]; Jorgensen and Syme[2000]; Chien et al.[2005]; DuVair and
Loomis[1993]; Mitchell and Carson[1989]; Morrison et al.[2000])ol4] F st Aolch
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{Table 2> Protest—Response Filtering Items Corresponding to Non—PR Zero—Bids

Category Protest Response Filtering Items

A The quality of my life will be worse off due to the project proposed by
the government.

A The market value of my property will fall if the public facility is built
and causes noise and traffic congestion.

Disutility

O 1 cannot afford to pay for the project.
Cannot Afford to Pay * My household doesn't have enough wealth to fund the project.
* I cannot afford to make additional payments for the project.

O The proposed change is worth nothing to me.

O 1t is not important at all whether the proposed change happens or not.
O 1t is none of my business.

MU(E) =0 1 am not interested in the matter what the project is concerning about.
* I have little thing to do with the project.

* [ will buy goods and services instead of paying for the project.

* Instead of paying for the project, I will use other facilities.

O Existing facilities are enough for me.

O There are so many facilities similar to the proposed facility.
* There are many alternative facilities.
I plan to use other similar facilities.
* Similar facilities already exist.

O It is not one of high priorities.
O Society has more important problems than this.
e It is not a matter of national interests.

O 1 have no plan to use the facility.

No Plan to Use * My family won't enjoy the benefit of the project.
* The facility is located very far away.

* It is very inconvenient for me to visit the facility.

I plan to immigrate abroad."”

A change in £ proposed is negligible.”
The proposed change is too marginal for me to pay.

O O | O

Ef=0

The Reference Value | O The reference value proposed in the survey is too high.

Note: 1) In Aprahamian et a/.(2007), this item was categorized into a PRF item. It is categorized as a non-PRF
item in this paper since accessibility (y;) becomes zero and, as a consequence, WTP equals to zero
when an individual immigrates abroad.

2) Shaded area: O = not shown in KDI CVM Surveys but shown in literature.
not shown in literature but shown in KDI CVM Surveys.

A = neither in KDI CVM Surveys nor in literature.
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{Table 3> Protest—response Filtering Items Corresponding to PR Zero—Bids

Cateogry

Protest Response Filtering Items Proposed as Reasons for Zero-Bids

Uncertainty

Not enough information is given.

* I need more information to decide if 1 pay for the project.l)

I cannot understand the question.

I have no idea how much my household would be willing to pay for this.

I really haven't thought much about this issue before today.

Distrust

OlO0|0O|O

I am suspicious of the government's plan for the project.
* I distrust what the government announced.
* [ am doubtful whether the government completes the project as it announced.

If the money was collected, I don't really believe that it would be spent on making
what the government announced happen.

I have distrust in the authorities to improve the quality of stormwater.

We would be able to afford better protection of receiving waters already if the
government did not waste so much money.

I don't think that the government is carrying out its announced actions.
* I don't expect that the water supply service quality is significantly improved.
* I am suspicious of the effectiveness of the proposed policy options.

Fairness;
Fair-share

It is unfair to ask me to pay more money for stromwater pollution controls.

* The part (a firm) which took advantage of this project should finance the project.

It is unfair to charge people in order to restrict their activities.

The government should complete the project using taxes already paid.

I have paid enough taxes and contributions to solve the problem which the survey

is concerning about.”

* The government should finance this project by rearranging government
expenditure priorities.

* The facility should be built using taxes already paid.

* I have already paid enough taxes to fund this type of project.

The government has paid too much money for this project.

It is my right to have cleaner air and not something I should have to pay extra for.

The part who is responsible for this problem should finance the project.

[1l-feeling Against
the Project

O

I object to the way the question is asked.

Note: 1) “Uncertainty” is not included as a PRF in KDI CVM Surveys until 2009.
2) According to Lee (2011), a response is a protest-bid if his/her answer is “yes” for a question, “would

you say that it is desired to cut other expenses and to implement the project in question?”. If the

answer is “no” for the same question, the response should be identified as a non-protest zero-bid.
* Shaded area: O = never shown in KDI CVM Surveys but in literature.

» = shown neither in KDI CVM Surveys nor in literature.
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{Table 4> Protest Responses in KDI CVM Studies

Project Type Date/Questli)onaire the Proport%on of | the Proportiqn of
Type Zero-Bid PR Zero-Bids
SOC Redevelopment Al 2007.06/2 63.1% 36.8%
Science Facilities B1(1st) 2008.07/2 50.5% 15.7%
B1(2nd) 2008.08/2 53.8% 22.2%
B1(3rd) 2008.12/2 58.6% 21.8%
B2(1st) 2008.07/2 17.8% 3.2%
B2(2nd) 2008.09/2 52.8% 24.0%
B2(3rd) 2008.12/2 52.6% 24.3%
B3X(region X)* 2006.10/0 42.2% -
B3X(region Y)* 2006.10/0 77.1% -
B3Y(region Y)* 2006.10/0 45.6% -
B3Y(region X)* 2006.10/0 76.5% -
Ecological Resources D1 2009.03/1 53.3% 29.2%
D2 2007.08/1 42.2% 28.4%
D3 2007.08/2 50.5% 29.8%
D4 2009.03/1 49.6% 33.9%
Sports and Cultural Cl1 2007.08/2 57.8% 34.6%
Facilities C2 2008.09/2 46.7% 29.4%
C3 2007.08/2 51.3% 28.0%
c4 2008.02/2 44.3% 28.1%
Cs 2008.06/2 36.8% 18.4%
DI 2008.03/2 46.7% 28.7%
D2 2009.02/2 57.0% 30.9%
Improving Water F1** 2008.06/2 93.0% 41.7%
Supply Service F2 2009.02/0 26.3% 20.1%

Note: 1) 0 = a non-dichotomous survey
1 = a dichotomous survey without the Kristrom question(“Will you never be willing to pay $1 for the

project?”)

2 = a dichotomous survey with the Kristrém question

*: not used in emphirical analysis since it does not include PRF items. B3X(region X) is a CVM survey

conducted in region X on a project implemented in region X. B3X(region Y) is a CVM survey asked to

the same respondents of B3X(region X) on a project implemented in region Y. Both B3Y(region Y) and

B3Y(region X) are difined in the same way. The proportion of respondents who live in the project area
is 45% for both B3X and B3Y.
**: not used in empirical analysis using probit models in this paper since WTP was asked using

open-ended question format instead of using reference values.
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{Table 5> A Distribution of PRF ltems Proposed as the Reason for Offering Zero—Bids

Reasons for Offering Zero-Bids PR Zero-Bids? Frequency
D public bads X -
@ cannot afford to pay X 1,172
@ zero-marginal utility X 2,870
@ no plan to use X 51
(5 a negligible change in E" X -
® not enough information is given: uncertainty” O 40
(@ distrust toward government @) 872
don't believe that the project achieves the goal ) 42
© unfair to ask me to pay @) 3,972
@0 ill-feeling against the project O 170

Note: 1) This item has never been included as a PRF item in KDI CVM studies.
2) Only one CVM study (D4 in Table 4) includes this item.

o] ¥ PRF7} © 139 CVM ZAKD4)ol vt E3HE] Q1 7] wjFo|t}. o] E3lo] L&He
CVM ZALOIA 343719] AEAR-SH 5 407]9] FolA A=A 0°9] o]-F = ‘&
e wheh g ARVE FoA A Erb e AL SN0

3. 28 CVM ME3i KDI CVM HEMY X|SNHESEY=
H| 1

<Table 6> Meyerhoff and Liebe(2010)7} 3870=F 254712] 37 = CVMOlA] &
H AEARSHHES ZEYS Aol, & A7l o]&¥ KDIS| AEAF-SHHES o
3 Ae2lgh Aoltk KDI9 ¢, AA S8 T oF 26.5%7 AEAF-SH W5 EA
on, viek 37t tido] & XH° A5 ABALSHHEL 30.5%E Z713It) o]
ABAF-EHAES D7 /P d=(Bebd, QI ZRE, Fo2E s, SEHYo},
HED A THE = Aoz ,ﬂl:?(17.6%), £9(202%), YE(17.3%), =7(18.4%), thet
(9.5%)7} HlaEhA Zd33s] =2 Folth

Meyerhoff and Liebe(2010)= FAF AF2] 54 9A| AEAR-SHE P&l 9

P

fllo
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{Table 6> An International Comparison on the Proportion of Protest Responses in
CVM Studies Related to Environmental Projects

# of CVM studies mean median minimum maximum
Australia 8 2291 2471 12.12 31.21
Austria 2 5.73 5.73 2.00 9.47
Belgium 3 10.65 7.00 5.00 19.96
Brazil 1 39.34 39.34 39.34 39.34
Canada 3 19.91 16.72 15.97 27.02
China 4 18.40 19.13 2.84 35.20
Croatia 2 6.86 6.86 5.63 8.09
Czech Republic 2 9.23 9.23 6.46 12.00
Denmark 15 9.25 5.01 0.00 31.79
Finland 15 15.72 15.80 5.50 22.50
France 4 21.06 16.57 10.1 40.94
Germany 17 20.15 19.00 3.16 56.52
Greece 15 18.02 15.00 3.50 59.29
Hungary 1 10.85 10.85 10.85 10.85
India 1 36.44 36.44 36.44 36.44
Ireland 1 20.00 20.00 20.00 20.00
Israel 2 10.33 10.33 9.33 11.33
Italy 2 7.90 7.90 0.80 15.00
Japan 2 17.30 17.30 15.32 19.29
Lithuania 2 16.70 16.70 8.00 25.39
Malaysia 3 21.25 20.83 16.26 26.67
Mexico 1 12.59 12.59 12.59 12.59
Netherland 11 13.83 11.00 2.39 32.23
New Zealand 5 21.16 26.00 12.00 28.00
Norway 5 14.07 13.60 10.82 17.33
Philippines 3 14.43 14.43 14.36 14.49
Poland 7 30.05 24.20 14.82 51.00
Portugal 10 18.04 18.96 5.97 30.21
Puerto Rico 1 36.11 36.11 36.11 36.11
Slovenia 1 41.03 41.03 41.03 41.03
Spain 19 18.89 21.29 0.00 47.70
Sweden 2 6.77 6.77 6.40 7.13
Switzerland 7 22.13 15.19 10.29 47.00
Taiwan 2 9.52 9.52 6.55 12.50
UK 33 18.62 20.86 1.26 46.86

USA 41 17.64 17.14 0.00 45.25
Vietnam 1 29.20 29.20 29.20 29.20
Total(Except Korea) 254 17.73 16.13 0 59.29
Korea 20 26.46 28.24 3.20 41.70
Environmental valuation 6 30.52 29.50 20.11 41.70
dichotomous choice format 19 25.66 28.07 3.20 36.80
ok (3) (30.50) (29.20) (28.40) (33.90)
open-ended question format 1 41.70 41.70 41.70 41.70

Source: Meyerhoff and Liebe(2010) except for Korean statistics which were computed using CVM studies at
KDI. ** indicates that the survey was designed as a dichotomous choice format but the Kristrom's
question asking if a “No-No” respondent is willing to pay $1.
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{Table 7> Social, Demographic or Economic Characteristics by Response Types

Zero-Bids
(Nobs = 8,904) Non-Zero Bids
PR Zero-Bids Non-PR Zero-Bids (Nobs = 9,597)
(Nobs = 4,715) (Nobs = 4,189)
3) Standard 3 Standard 3 Standard
Mean . Mean L. Mean L.
Deviation Deviation Deviation
Female(D) 0.49 0.50 0.52 0.50 0.50 0.50
Residency in the Project Area')(D) 0.36 0.48 0.27 0.44 0.36 0.48
Plan to Use(D) 0.46 0.50 0.33 0.47 0.76 0.42
Unemployment(D) 0.006 0.08 0.01 0.136 0.009 0.10
E i f Using Simil
xperlences o LSIg Sumiar 0.49 0.50 0.45 0.50 0.59 0.49
Facilities(D)
Age(C) 43.71 9.30 4471 9.76 42.73 9.25
Schooling Years(C) 12.60 4.51 11.84 420 12.92 422
The Numb f Family Memb
¢ umber of Tamiy Wembers 37 0.89 1.20 0.93 1.36 0.89
Younger than 18 Years Old(C)
The Number of Family Members(C)  3.56 1.01 3.49 1.01 3.59 0.99
Monthly Household Income(C) 272.84 119.05 251.80 127.57 264.77 145.63
Initial Ref Val Asked i
mhiat Referehee vaiues ASKeC M 4680.93 | 5312.68 | 642720 | 1403441 | 7773.99 | 21114.43
the Survey(C)
Distance to the Facility”(C) 2.61 1.51 2.84 1.55 2.77 1.58
P 1 Interest the Project i
crsonal fnterest on fhe Trojeet M1 o 86 0.85 0.89 0.83 1.16 090
Question(C)

Note: 1) The value is 1 if a respondent lives in either the exact or neighboring areas where the project is
placed. Otherwise, 0.
2) Only ten KDI CVM studies enclosed this item. Thus, this variable is not used in estimating probit
models.
3) D = a dummy variable, C = a continous variable, Mean = mean for a C variable; the proportion of
cases with a dummy variable = 1 for a D variable.
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<Table 8> Summary Statistics (N of Obs. = 18,501)

Variables Variable Type* | Mean* Standard Error

Protest Response D 4,740 -
Female D 9,241 -
Residency in the Project Area D 6,283 -
Plan to Use D 9,027 -
Unemployment D 196 -
Experiences of Using Similar Facilities D 53.15 -
Age C 43.43 9.41
Schooling Years C 12.59 4.32
gllg Number of Family Members Younger than 18 Years C 133 0.90
The Number of Family Members C 3.56 1.00
Monthly Household Income(unit: 10,000 Korean Won) C 263.8 135.5
Initial Reference Values Asked in the Survey(unit; C 6.683 16,872

Korean Won)

Note: * D = a dummy variable, C = a continous variable, Mean = mean for a C variable; the proportion of

cases with a dummy variable = 1 for a D variable.

{Table 9> Estimation Outcomes of the Probit Model for Protest Responses and Zero—bids

) Protest Responses Model” Zero-Bid Model”
Variables - -
Estimate SE Estimate SE
Constant Term -0.7476 (0.1170)*** 0.8001 (0.1129)***
Female -0.0304 (0.0245) 0.0338 (0.0235)
Residency in the Project Area 0.2342 (0.0288)*** 0.1452 (0.0278)***
Plan to Use -0.4054 (0.0258)*** -1.0512 (0.0256)***
Unemployment -0.4263 (0.1359)*** -0.1284 (0.1180)
EXP".”F’“C“ of Using Similar 00673 | (0.0302)% 01815 | (0.0282)+*
acilities
Age -0.0001 (0.0016) 0.0024 (0.0015)
Schooling Years -0.0034 (0.3687) -0.0142 (0.0039)***
The Number of Family Members Younger
e 18 Years Ol y 8 0.0006 | (0.0205) -0.0271 | (0.0194)
The Number of Family Members 0.0017 (0.0190) 0.0007 (0.0181)
Monthly Household Income -0.0003 (0.0001)** -0.0008 (0.0001)***
Initial Reference Values Asked in the 2 36-6 (1.4c-6)*4% 3366 (8.6¢-7)+**
Survey
Project dummies 18 dummies are used 18 dummies are used
LR-Chi2 value 956.42%** 2745.00%**

Note: 1) The value of dependent variable equals to 1 in case of a protest response, 0 otherwise.

2) The value of dependent variable equals to 1 in case of a zero-bid, 0 otherwise.

k) k% kX represent that the null hypothesis (4=0) is reject at 10%, 5%, and 1% significance levels

respectively.
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{Table 10> Elasticities of the Probability to Protest

Explanatory Variables PR Zero-Bids Zero-Bids
Female(D) -0.0205 0.0139
Residency in the Project Area(D) 0.0898*** 0.0341%**
Plan to Use(D) -0.3092%** -0.4910%**
Unemployment(D) -0.0058*** -0.0011
IE;(;T:;I;EES) of Using Similar 0.0423%* 0.0699%%*
Age(C) -0.0061 0.0831
Schooling Years(C) -0.0549 -0.1421%**
”ll“;leYI\eI;r;lb;d(()é )Famlly Members Younger than 0.0010 0.0280
The Number of Family Members(C) 0.0083 0.0021
Monthly Household Income(C) -0.0868** -0.1588***
Initial Reference Values Asked in the Survey(C) 0.0223* 0.0200***

Note: ****** represent that the null hypothesis (8=0) is reject at 10%, 5%, and 1% significance levels,
respectively.
For a continous explanatory x variable, elasticity informs us a change in the probability of being a protest
response (or a zero-bid) in response to 1% change in x. For a dummy variable (D), elasticity informs us
a change in the probability of being a protest response (or a zero-bid) in response to a change of D from
0 to I.
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ABSTRACT

It is often argued that the parental leave should be extended in order to help employees
achieve the balance of work and family life. However, one should be careful in designing
the parental leave since there is a tradeoff between the continuity of employment after
childbearing and the depreciation of human capital due to the time off the work. The paper
investigates whether the parental leave payment introduced in Korea in 2001 helped women's
take-up of the leave and employment after giving birth. The results are as follows. First, the
increase in the payment indeed raised the female take-up of the leave. Second, women
returned to labor market less often after giving birth in the short run, but the size of the
effect tends to decrease in the long run. However, the negative effect on returning to the
same workplace after the birth remains significant in the long run. Lastly, there is no
evidence that the share of women of childbearing age at workplace changed due to the
increase in the parental leave payment. Although there is a limitation in that the analysis is
based only on the employment covered by the Employment Insurance, these findings imply
that the increase in the parental leave payment may not be an effective policy tool for
promoting female labor market participation. On the other hand, it should be noted that it is
necessary to pay attention to child development as well as female employment as an
objective in order to make an overall judgement on the parental leave policy.

22 22Ate| 2t JPgMEe| #ES T25h| fg wetez SotRA X|ME
o| &7t Eesicks FFo| & M7=l Ak d2{Lt |otFAle 0|82 M =
180 LM s HEem SAlol Jielel QIMALES HEAA AIIEHCOE ZE2ESS
Mafjgt = Acks ™MolA Hot Malsh MZol Eesich # = dlMe Xk 20010
ToE SotFZFoiM el EAEel &zt od4o] M o|8ED 22 dLMg B
ANZAEXIE ZASICEL 24 2o} |otFAZ0ie| Zd0| o{MZEXS| |otFAl ol
ES T7MZ Aoz Uedct EF KolgAZ0ie] IR sl & T =IAE
=7 80| EV[HeRE WoteLr, ZYHezE BEAC gnto| 37|17t EolE= Z
go| A= He= uethct J8Lt Y Aozl =7 ks it #EMol gt
= WNHezE X&=E Aoz 2el=lglct FIiHez |otFAlgoe 7tz ¢ldl
AIEE CERlOIM Z1R17] ofdZ22Ate| HIEO| HMsiicks BHE skl Zsiict ol
25t Zat=, NERY T2 XAAS SUE 2RES0HE BAYcke sEo0l =X




ABSTRACT

<
1M
=

S

do|




172 | %Emgms / 2012, |

LGRS FEo 7 A 2001 BHE FolFH7IRE F< 4 wolE A
AZREE o2 A2 EALS] FolA o] §Eo] ME £ S| Sk A
7HEE FEE A8EY VRPA 5 oiEl SolRAFe] Al o] HE2 2002
0.3%% S7Fth 2 S2A} A 7o) 238 AEE 9

7F Alsfof 3th= AR A 877 Sl W Skl )
F7H 02 ERof dithe Fgo] $F A7i=Ex ok 28y SokR

T s

49) o) chgel Z2IRE nAT BA) ZEAS) A EE S 2
Moz 22BEL ARG F Urke oA woh A4S dae] Basi
B ATE FATL B SO AYARI] F4 o4l thstel 189 &
559 FANAEA 218 208 I F4 F BAT - 9 D7t 249
o JeATE, Hel 2REFe] YA Te] T AR Fofo] olu e e
MAEAE folfid AAAEES Z1HsHe ol QoA Bag AYH Frolct
SolfrAAws} o)) 18 7o) Aol T 48 AT Fole ge TRt 74

K
oo
2
o 4
o2l
)
rO
}_‘011
=
o
N
2
rlo
=
re,

> “HRuhm[1998]; Hofferth and Curtin[2006])7} <
Ask= HH, A71¥oz Fish a3t Qv JPtE Z3= Qlth(Schonberg and
Ludsteck[2007]). ©)& SolFAAwe] o} 1-& 7}4 BAT 7+ AV o] AEA -
35}@ ﬂﬁoﬂ w}a} gt F s gt 2 AT ol o R s o4
o= el 99471 ek
o]-gste] YApH O T HolF3
%ﬂ’\]ﬁ%ﬂi ARR, Y A
A & FEFS 7IASAE AR
gk olEg A WstE s AFAE ©jollA 7117] ARZEALS] HIFo] A=A

78 24 ke thev 2o foMRARee 372 A3 dynade) folEa
o1§8o] 2718 ROz btk TAHOR HA FOFAIIZE Bt Fol7h U 20



S0HEx MY ojyel w533 | 173

vk o g o 30uklolA ¥ 40ukdo g 9 40uklolA € souko R
ATZALY] FolFZ] o] &E-2 217} 5.46%p, 6.27%p, 12.09%p

TVhe Ao 2 Vel SolFA 7 Zb2) 11589, 13.74Y, 27.10Y Z713]
© 2 Utk B3 SoltAaoe SR 8 ATEAY = A %ﬂ%ﬂ %
s} A, olHE Adke AR ZAeE oAl Bl e W,
Aoz o] BAg vHe FAHZR Bde Alzto] UL A&He FoE FAH
Ak PR g FolFH dRA o= Q3] AFFF TN 71917 A=

oyl
£
B

fo X

Ae] Wizl WsigEAol tlaile Fes S8 $aisA) 2adch wepa S
$A% B3NN Sobfraels] o) 47108 s ZRBES AT 7H5 A
& FAAA, o9 AABE FoI2 Felsh) 9 FACEN SolF A AU} §

o IR ANVZA= "e‘o%} 1= "46:" EﬂlEf‘éﬂr X}JEL% afstaL, 574 23
& At AVAIM= d2e AR

-_

I ROLFHT ofy =FFIOl T HY A7

oA 717 Q7o) o4de] AADE ool mIX= ©71AQ1 Aol that A3
AT Ade F7tol wet EAIE 0] ok v, A71AQ) G A2 we|gk Zo =
UFER T

Hanratty and Trzcinski(2009)<= ZHUtholl A 2000 5 S0k o] 25504 502

Aol wet 04"394 45 AR AV =3RS APe] oy, 4 1d 3o =
SEEole HuE S MAA BU-S DESHATE BHA, Baker and Milligan(2008)
< FY A= ﬂi Il ool FHollM A E ke Alkte] s3loy, 7A ¥
S4F Aol 2t ZFo 2o BEFlso] Tl oo 18 Aol T
AZS WHT 284 Baker and Milligan(2008)2 &4F & 1d oJWj9] =53 IS 3
o= A o] SAT



174 | sEmgms /2012, |

S2EZoME 1909 7 SolFa7|zte] 1dolM 2do = A=Y, 1996
o= tA] 18702 SA4FHUTh Lalive and Zweimiiller(2009)= ©|2{$ 2] H3l=
ol g3l FolfFae] Aol E4F F 3 o9 =FFFS W L, 10
F 10970419 717t Bl 5wl & 9ol glas ddsidt o
HIRFO 2 Lalive and Zweimiiller(2009)= So}52]717HS 8l M o] ojAe] 273
Q1 Aol a7t HA] Y=tk FE3HATh

1979 o] = KolFA 717 E FAol oA AR ZA) wsE A

g

B} ARS HEE A SAHE AIXSFATE Schonberg and Ludsteck(2007) %
=Yo] FolFATIZE AR Aol A B A Bk Bl s st
AL, olegh Ed= LA e7/fdR e AgelA 7Y a1, 18704 3671 E 29
oA 7HE 25 BYE 23y Schonberg and Ludsteck(2007)2 50152 717+

| A71H02 o] HAAGE Folgdde & FS VXA oy A9 A=
W3 Gt es B, oo SR A o® FAAQ a3t dve

X
E
rl
fru
_>|i
RU
L
fo
P
N
K=}
T
4
N
2
f
1o
&
s
&
[t
o,
o

2 &3 A=A Ruhm
(1998)2 f+5 W= Fo= oF 3L g2 /A2 185 S7M171 9%

=
£ o] glor), FAVIRl] Lold4E gL FIERE AN PFE o
S
=

o
o
inj
L
=
re
re
-
2,
S

Ir
Ho
(e}
E

N,
il
2,
o,
‘0,
o
2

2 T2 AR Az o3l 9T
& Wethe oM & A7 Ade A B fevet 39 S54E 4

5
2



SoHE MY oyl 537 | 175

Il SOIFEHES] HE

SYPUFAME BARSE 913 F7HIETE 2001 o] A8ttt ASF
o] 7% 6047+e] F717} 19539 22719 AR A == o, 2001 11
o 0¥ E AFET FAol LERFNA AFH 30Ll v FH95 A Qs H3Ach
F7HH0Z 20060 195 = AXLH 4719 (Small and Medium-sized Firms)ol th3l
90 @A 7|17l 3 FHE LR FGAN A HAThD
FoIFAAEE 19879 ARE FHLEH T 23] == o], 7F 14] w7
ol 7H AATEAF FFoE FAT & e dE7F AT o] % 1995
MBS T3l v 14 ek dols 7Rl BB F shrt delF o g SolfAls ALS
& A HAa, 1EFNA AFEE € 207 Kol ATEe] =Y ATh
AEFI7HA =S} v E 2001 11280 SolFaFe7l A Eo] 1820
ol ARl A € 209H] FAE AF3HA HAUE o]F SelFAFAE dAHL
Z7¥sled 20073 49 o]F ¥ 507kl o]=gt}y) o]e} FEale] 2004 2o E
ﬂ JNGA &g Fo] EYH Kol o & Z2AE tAEt AR IS A&
sk 8FolA 4 207HdS Al HATE) SobfrA tid A o] AF 71Eel &
3 1 2008 o]%ol= Wk 34 mgko g 20101 2 o]Fol= Wk 64 o]stZ EhF
Ak §A, FobFH Al 2RARNY 9EE 83k fob] TRAR dEAEs)
2008 o] % A=Ak

FolFAFo7t EYE ol SoltA €857t AEHoE FUISIAE [Figure 1]
oA B d%e], 18R FHA T b F FolFAS o83 Hlgo] 2001

}
11 &4k Ade] 79 18%0lA 2007'd 129 E4FA1e) A9 35% 2 As3tiThy

—1—‘

rr 1:

vgmqor;mg;ﬂog

1) L8R 7FAR] e AHEFT) S FoE BAUF 100%0]1, AL 1357 e 2 A4 o)
gl

& 2002 122 309 o] ¥ 307kH o2 2004 2 25 o]F & 40urd o g 2007 4
9 279 o] g sovtgdo g 77k SdE ),
3) SAXLU7IFe vAIE AT Tl € 30kdo|t)
4) BT} &3 Solfr2] o] 852 dlF € 7T 22 FolFA o] § YAl T KolFF] o8 9 vlg
< 22T F itk a8y 28R2E JdA giEid e 24t dRE ARSI o RZute) met
g 4 gloernz Fg 4o tdR = (1) ST FIIES 34D olF 14 o, (2) 2HFF7



176 | wmEmsm% / 2012, |

[Figure 1] Take—up Rate of Parental Leave After Maternity Leave
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Source: Employment Insurance Database.
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[Figure 2] Duration of Parental Leave Among lIts Takers
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{Table 1> Benefits During Parental Leave by Birth Month

Monthly Allowance Total Number of Months for Which Different
Birth According to Allowance Level of Monthly Allowance is Applied:
Month Employment During 12
on Insurance Month-Leave | 200,000 | 300,000 | 400,000 | 500,000
Act(10,000 won) (10,000 won) won won won won
2002. 1 20 240 12 0 0 0
2002. 2 20 250 11 1 0 0
2002. 3 20 260 10 2 0 0
2002. 12 20 350 1 11 0 0
2003. 1 30 360 0 12 0 0

& oAl Hdl 7R 1278€ ]
ofefeh AWM= A Wislel] V|2 n R s Heid kel iz g1
ok ey Qo A BeE FAEE o AT

BE Fol d57h dER AEHo, s X €l frrt
FASE 7, ol AR Byt AAH R ol Fale] Tofo] s
o PIAl= avehs sjXo] 7he stk

£

i}
i)
fo
_‘ﬂ
IS
4
M
et

L

B 24e A% 718 Ase A8EY dAEo|y, £4Y e 18RY vRY

ut

Al oJAdZEZ A oIt} <Table 2> A AAIE vEe} o] 2009\ 7]FC.E 20~39A4]<1 &
AT F 18R HHHALY BE-L 29.5%0]1, U A oA AASEF

Qe o LERY FRAA] MR A7} 511%S 61.9% oI, ©
$RY WRPAT} WA AL UEIT Bl oaaa%»} A48 A7

l_.
Ll
ooy we

6) Aol ol e SolFAFert HesE IAE JIFoE dTAEIe] AFsht, B BAel A
£ 4 w92 Hguny sy

7) o1F B BAeIM A Aele] HFFES F3) s AW
&, 407 AHY S 509H9) AD 5 5o M) WL Anuss 23y
A 2l aksict.

Q1 obFAHl 3079 Y
$ 2 ol F A WeE



S0HEx MY oiyel =533 | 179

(Table 2> Coverage of Employment Insurance for The Female Aged 20 to 39
(unit: %)

YVear The Insured / Total | The Insured / The | The Insured / The | The Insured / Wage
Population Economically Active Employed Earners
2000 18.3 32.6 34.1 453
2001 19.1 33.6 35.1 45.7
2002 20.5 35.6 37.0 47.1
2003 21.2 36.9 38.7 48.4
2004 22.5 38.3 40.1 49.5
2005 243 41.0 43.1 52.1
2006 26.0 43.5 45.5 54.6
2007 27.8 46.8 48.7 57.7
2008 28.5 48.2 50.2 58.8
2009 29.5 51.1 53.5 61.9

Source: Economically Active Population Survey;, Yearbook of Employment Insurance.

H
HI

5 e Al X}E, DR} A7, BARE AR TAFC] 7, So}
?r&%@ﬂ ¥ 2001 11LFE 2008 49712)2] 7)7ko] AIS 1-829] ARz
o YRE B dok B BAS A HF ARE 7 18 ARF olgsle] 24

TR FRAS SOMRA FAe] Dol W 2R Ao o RS Ad5 ol
= %

[e) =
A2 P 15 DERBFIE S g FAFHN FoHEAL of
F3hE BSE AL ROt olefd AFrAe We A0T B wAIRT: B 2 24

-8R Y PRF ol EAlSHE AHFFIE A 54 260,137 F 3 5 T W

7t FEER] e FALL 226,5010)1, HE FE| 7|&Z EAE <Table 3>

8) MERY AAEF 20019RE 200774 A B B FoF AT £ F AAFHAR
A e x}t 7689l



180 | wmmmm% / 2012, |

{Table 3> Summary Statistics of Maternity Leave Beneficiaries

Variables Obs. Mean | Std. Dev. Min Max
Taking Parental Leave 226,501 0.28 0.45 0 1
Duration of Parental Leave 226,501 59.86 109.04 0 365
Duration of Parental Leave (Takers Only) 62,325 | 217.56 94.34 4 365
Age at Birth 226,501 29.83 3.06 18 49
Duration Covered by Employment

) 226,501 71.24 30.71 0 152
Insurance at Birth (month)
Real Monthly Wage (10,000 won) 226,501 | 139.59 66.21 10 3,510
Real Hourly Wage (won) 226,501 6,582 | 3,359.79 459 193,539
Education: High School or Below 226,501 0.32 0.47 0 1
Education: College (Two Years) 226,501 0.23 0.42 0 1
Education: University or Above 226,501 0.45 0.50 0 1
Birth Year: 2001 226,501 0.01 0.12 0 1
Birth Year: 2002 226,501 0.10 0.30 0 1
Birth Year: 2003 226,501 0.12 0.33 0 1
Birth Year: 2004 226,501 0.14 0.35 0 1
Birth Year: 2005 226,501 0.16 0.36 0 1
Birth Year: 2006 226,501 0.20 0.40 0 1
Birth Year: 2007 226,501 0.26 0.44 0 1
Covered by Employment Insurance 18

) 98,330 0.76 0.43 0 |
Months After Birth
Working in the Same Workplace 18

) 98,330 0.69 0.46 0 1
Months After Birth
Covered by Employment Insurance 36

) 98,330 0.67 0.47 0 1
Months After Birth
Working in the Same Workplace 36

i 98,330 0.56 0.50 0 1
Months After Birth

Note: The baseline for real monthly allowance and real wage is December of 2007. The wage is measured
at the time of application for maternity leave. The return rate 18 or 36 months after birth is measured
for those who gave birth before May of 2005.
Source: Employment Insurance Database.
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{Table 4> The Effects of Parental Leave Benefit on Its Utilization

(M @)
Model Probit Tobit
Dependent Variable Taking Parental Leave |Duration of Parental Leave
Independent Variables:
No. of Months with Allowance 300,000 won 0.0141%** 4,0574%**
(0.0040) (1.0645)
No. of Months with Allowance 400,000 won 0.0302%%*%* 8.5802%**
(0.0039) (1.0396)
No. of Months with Allowance 500,000 won 0.0614%%** 17.5025%**
(0.0035) (0.9266)
Age 0.1121%** 33.3188%**
(0.0130) (3.4203)
Age Squared -0.0016%** -0.4749%**
(0.0002) (0.0558)
Log Hourly Wage -0.4140%** -120.4706%**
(0.0092) (2.3727)
Education: College 0.0228*** 6.9250%**
(0.0085) (2.2563)
Education: University or Above 0.0485%*x* 10.5249%**
(0.0073) (1.9249)
Duration Covered by Employment Insurance -0.0021*** -0.6162%**
at Birth(month) (0.0001) (0.0293)
Log Likelihood -123,214 -512,450
No. of Observations 226,501 226,501

Note: Robust standard errors are in parentheses. *** p<0.01, ** p<0.05, * p<0.1. All the models include the
dummies for months, provinces, industries, workforce sizes as explanatory variables.
Source: Employment Insurance Database.
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[Figure 3] The Percentage of Women Returning to Labor Market 18 Months
After Giving Birth
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Note: The return to labor market is defined as being covered by Employment Insurance at a point in time.
Source: Employment Insurance Database.
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(Table 5> The Determinants of Return to Labor Market After Birth (For the Female
Who Gave Birth Before May of 2005)

Q) ) €] 4)
Model Probit Probit Probit Probit
Return to Return to Return to Return to
Labor Labor Same Same
Dependent Variable Market 18 Market 36 Workplace Workplace
Months Months 18 Months 36 Months
After Birth After Birth After Birth After Birth
Independent Variables:
Monthly Allowance 300,000 -0.0149%** -0.0029 -0.0178%** -0.0119%**
won(no. of months) (0.0039) (0.0036) (0.0037) (0.0036)
Monthly Allowance 400,000 -0.0141%** -0.0072%* -0.0190%** -0.0190%**
won(no. of months) (0.0039) (0.0036) (0.0038) (0.0036)
Age -0.1434%** -0.1527%%* -0.122] %% -0.1384%*x*
(0.0218) (0.0207) (0.0206) (0.0201)
Age Squared 0.0026%** 0.0028*** 0.0022%%** 0.0025%**
(0.0004) (0.0003) (0.0003) (0.0003)
Log Hourly Wage 0.2830%** 0.2273%** 0.2648*** 0.2189***
(0.0146) (0.0137) (0.0139) (0.0133)
Education: College 0.0487*** 0.0465%** 0.0100 -0.0005
(0.0129) (0.0124) (0.0126) (0.0124)
Education: University or Above 0.3419%** 0.3808*** 0.2437%%** 0.2607%**
(0.0114) (0.0108) (0.0110) (0.0106)
Duration Covered by Employment | 0.0087*** 0.0085%** 0.0093*** 0.0101***
Insurance at Birth(month) (0.0002) (0.0002) (0.0002) (0.0002)
Log Likelihood -50,498 -57,555 -55,505 -60,313
No. of Observations 98,330 98,330 98,330 98,330

Note: Robust standard errors are in parentheses. *** p<0.01, ** p<0.05, * p<0.1. All the models include the
dummies for months, provinces, industries, workforce sizes as explanatory variables.
Source: Employment Insurance Database.
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{Table 6> Summary Statistics of Monthly Demographic Composition of Employees
at Workplace (N=3,242,407)

Variables Mean Std. Dev. Min Max
Share of the Female Aged 24 Years or Below 0.067 0.116 0 1
Share of the Female Aged 25 to 34 Years 0.131 0.163 0 1
Share of the Female Aged 35 to 44 Years 0.067 0.125 0 1
Share of the Female Aged 45 or Above 0.038 0.098 0 1
Share of the Male Aged 24 Years or Below 0.033 0.074 0 1
Share of the Male Aged 25 to 34 Years 0.234 0.197 0 1
Share of the Male Aged 35 to 44 Years 0.168 0.164 0 1
Share of the Male Aged 45 or Above 0.105 0.161 0 1
Small and Medium-sized Firms 0.680 0.466 0 1

Note: The demographic composition is measured at the end of month using Employment Insurance Database
(Employees Section) for the period from 2004 to 2007. The number of employees at workplace is used
as its weight.

Source: Employment Insurance Database
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(Table 7> The Effects of Maternity and Parental Leave Benefits on Female
Employment at Workplace (2004~2007, Monthly Data)

(1) 2) 3) (4)
Model OLS OLS OLS OLS
Share of the | Share of the | Share of the | Share of the
Dependent Variable Female Aged | Female Aged | Male Aged | Male Aged
25~34 40~49 25~34 40~49
Independent Variables:
i Feb. of 2004
(SII’Z::ntaTbLza eOOAllo ance Increases 00030 0.0023 00029 0.0057
A W
0.0035 0.0036 0.0060 0.0064
to 400,000 won/mth.) ( ) ( ) ( ) ( )
Since Jan. of 2006
(I\l/r[‘:;m?f ;ea e Bxoended o 00| 0:009%" 0.0028 -0.0220%* 0.0054
v X
Y P (0.0059) (0.0038) (0.0091) 0.0111)
Days.)
Since Jan. of 2006 x Small and| -0.0073** -0.0009 0.0039 0.0044
Medium-sized Firms (0.0031) (0.0022) (0.0047) (0.0052)
i Apr. of 2
(S}l“ce t lprLO 0,0:11 | 0.0022 0.0028 -0.0098 0.0041
arental Leave Allowance Increases
0.0050 0.0028 0.0076 0.0090
to 500,000 won/mth.) ( ) ( ) ( ) ( )
Small and Medium-sized Firms
(Benefit During the Additional 30| 0.0114%** 0.0155%** 0.0273*** -0.0190%**
Days of Maternity Leave is Paid by| (0.0024) (0.0018) (0.0035) (0.0037)
Employment Insurance.)
R? 0.26 0.09 0.12 0.20
No. of Observations 3,242,407 3,242,407 3,242,407 3,242,407

Note: Robust standard errors are in parentheses. *** p<0.01, ** p<0.05, * p<0.1. All the models include the
dummies for months, provinces, industries, workforce sizes as explanatory variables. The number of
employees at workplace is used as its weight.

Source: Employment Insurance Database.
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{Table 8> Simulation of Policy Change from Flat Sum to Fixed Rate Parental Leave
Allowance: Utilization

Bel A

Groups by Monthly Wage (10,000 won) eow 125 ~ 250 bove | 1val
125 250

Share in the Sample 0.48 0.47 0.05 1.00

Policy Change: Parental Leave Monthly Allowance (10,000 won)
Under Flat Sum 50 50 50
(About 30% of Wage)

Under Fixed Rate 50 40% of Wage 100
Change 0 10% of Wage 50

Change in Take-up of Parental Leave (%p, marginal effect)

Change Due to an Increase of 100,000 won in

Allowance 9.51 8.91 7.84

Change Due to an Increase in the Ratio of

Allowance to Wage by 10%p 1.99 1.62 -1.78

Effect of Policy Change 0.00 1.62 3922 | 2.58

Change in Duration of Parental Leave (days, marginal effect)

Change Due to an Increase of 100,000 won in

Allowance 21.18 19.96 17.21

Change Due to an Increase in the Ratio of

Allowance to Wage by 10%p 424 332 .08

Effect of Policy Change 0.00 3.52 86.05 5.65

Note: The marginal effects of parental leave allowance amount and ratio are calculated from the models
modified from the models in <Table 4>. In one of the modified models, the policy variable is the
allowance amount, and, in the other model, it is the ratio of allowance to monthly wage. The marginal
effects are evaluated at the mean of the sample.
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{Table 9> Simulation of Policy Change from Flat Sum to Fixed Rate Parental Leave
Allowance: Return to Labor Market

Bel A
Groups by Monthly Wage(10,000 won) COW 1 125 ~ 250 bove | potal
125 250

Share in the Sample 0.48 0.47 0.05 1.00
Change in the Return to Labor Market 18
Months After Birth(%p) 0.00 293 -19.06 221
Change in the Return to Labor Market 36
Months After Birth(%p) 0.00 293 866 17
Change in the Return to Same Workplace 18
Months After Birth(%p) 0.00 =327 -33.28 =309
Change in the Return to Same Workplace 36
Months After Birth(%p) 0.00 -4.25 -32.70 -3.52

Note: The marginal effects of parental leave allowance amount and ratio are calculated from the models
modified from the models in <Table 5>. In one of the modified models, the policy variable is the
allowance amount, and, in the other model, it is the ratio of allowance to monthly wage. The marginal

effects are evaluated at the mean of the sample.
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