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The Effects of Increased Korea Treasury Bond Issuance  
on the Yield Curve 

By MEEROO KIM AND JONG SOO HONG* 

This study examines the impact of the sharp increase in Korea Treasury 

Bond (KTB) issuance following the COVID-19 crisis and analyzes the 

effects of bond buybacks as a policy countermeasure. Using a dynamic 

Nelson-Siegel model with macroeconomic factors, we estimate the 

effects of changes in the bond supply on the yield curve. Empirical 

results show that a KRW 1 trillion increase in KTB issuance raises 

yields by approximately 2.5 to 2.9 basis points, with stronger effects 

observed in the post-COVID period and in medium- to long-term 

maturities with weaker demand. Conversely, emergency buybacks 

reduce yields by about 1.9 to 2.1 basis points, with similar maturity-

dependent dynamics. These findings highlight the importance of 

demand conditions in amplifying the interest rate effects of government 

bond supply shocks. 

Key Word: Government bond issuance, Treasury buyback, Yield curve, 

Dynamic Nelson-Siegel model, COVID-19 

JEL Code: E43, E62, G12, H63 

 

 

 I. Introduction 

 

he COVID-19 pandemic led to an unprecedented expansion of fiscal spending 

in Korea, resulting in a sharp increase in Korea Treasury Bond (KTB) issuance. 

Between 2020 and 2022, the government implemented multiple supplementary 

budgets, and annual issuance rose from KRW 101.7 trillion in 2019 to well above 

KRW 170 trillion in subsequent years. These large fluctuations in the bond supply—

together with occasional emergency buybacks designed to stabilize the market—

have highlighted the need for a clearer understanding of how changes in KTB 

issuance and buyback volumes affect the yield curve. 

The economic relevance of this issue is substantial. Government bond yields serve 

as the benchmark for household and corporate borrowing rates, and shifts in the 

KTB yield curve directly influence private-sector debt-servicing costs. At the same   
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time, insurers and other long-term investors are increasingly sensitive to fluctuations 

in long-term yields. As a result, policymakers must evaluate not only the fiscal cost 

of bond issuance but also its broader macro-financial implications. However, despite 

the importance of this question, empirical evidence pertaining to the yield effects of 

issuance and buybacks in Korea remains limited, particularly in a framework that 

allows for a full characterization of movements in the entire yield curve. 

This study provides new evidence by estimating the effect of changes in KTB 

issuance and emergency buybacks on the yield curve using a macro-finance dynamic 

Nelson–Siegel (MF-DNS) model. A central contribution of the paper is its clean 

identification strategy, which aims to isolate supply-side effects from 

contemporaneous demand conditions. To do so, we augment the MF-DNS 

framework with macroeconomic factors that influence KTB demand and incorporate 

auction-level bidding amounts from primary dealers (PDs) and preliminary primary 

dealers (PPDs) as high-frequency, behavior-based proxies for the market absorption 

capacity. This allows us to separate the pure effect of supply shocks from shifts in 

investor demand—an issue that has long challenged empirical term-structure 

research. 

This paper contributes to the literature in three key ways. First, it provides the first 

systematic estimation of the issuance and buyback effects on the Korean yield curve 

within a macro-finance term-structure framework. Second, it proposes an 

identification strategy that exploits unique auction data to control for demand 

conditions more effectively compared to existing studies. Third, it uncovers 

asymmetric effects: issuance and emergency buybacks influence the yield curve 

differently, reflecting the distinct market conditions under which they occur. 

The remainder of the paper is organized as follows. Section 2 reviews prior 

research on yield curve modeling and bond supply effects. Section 3 briefly 

summarizes recent developments in KTB issuance and buyback operations. Section 

4 presents the empirical framework and identification strategy. Section 5 describes 

the dataset. Section 6 reports the empirical results, and Section 7 concludes with 

policy implications. 

 

 

II. Literature Review 
 

This study is closely related to two strands in the literature: macro-finance term-

structure models that incorporate macroeconomic information, and empirical 

research on how changes in the government bond supply influence yields. In the 

macro-finance literature, Ang and Piazzesi (2003) first integrated macroeconomic 

variables into an affine term structure model, and Ang et al. (2006) further expanded 

this approach to examine the forecasting power of yields. Although affine models 

ensure internal consistency through the no-arbitrage condition, they often exhibit 

limited forecasting performance and instability with regard to parameter estimation. 

To address these shortcomings, Diebold et al. (2006) introduced the dynamic 

Nelson–Siegel (DNS) model, which offers a flexible representation of the yield 

curve and strong empirical performance. Subsequent extensions that incorporate 

macroeconomic factors, forming what is now known as the macro-factor DNS (MF-

DNS) model, have been widely adopted due to their ease of estimation and ability to 
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capture the joint dynamics of yields and macro variables. 

A growing body of research has applied these models to Korea. Yoon (2011) and 

Kang and Oh (2015) showed that including macroeconomic variables—such as the 

coincident index, inflation, the call rate, and U.S. long-term yields—improves the 

explanatory and predictive power of term-structure models for Korean government 

bonds. Studies such as Jung and Kang (2017) further highlight Korea’s sensitivity to 

global factors by demonstrating that U.S. long-term rates exert a stronger influence 

on Korean long-term yields during high-volatility periods. More recently, Kang, Lee, 

and Kang (2021) employed an MF-DNS framework to examine the effects of 

issuance dynamics on the yield curve and proposed policy applications for bond-

market development. Our work builds on and extends this macro-finance line of 

research by embedding issuance and buyback shocks within an MF-DNS structure 

while introducing an improved identification strategy. 

The second relevant strand of the literature examines how the government bond 

supply—through issuance or purchases—affects yields, particularly via the term 

premium. Following the global financial crisis, large-scale asset purchases (LSAPs) 

triggered extensive empirical studies showing that central bank purchases reduce 

long-term yields by compressing the term premium (e.g., Krishnamurthy and 

Vissing-Jorgensen, 2011; Christensen and Rudebusch, 2012; Li and Wei, 2013). 

Related research for Korea, including Yoon (2011) and Kang and Oh (2015), 

decomposed KTB yields into expectations and term-premium components, finding 

that long-term yields are driven primarily by the term premium, whereas short-term 

yields reflect the expected policy-rate path. Despite these advances, the Korean 

literature has devoted relatively little attention to the supply effects of government 

issuance—as opposed to central-bank purchases—and virtually no study has 

incorporated micro-level bidding data to improve the identification of supply shocks. 

This study contributes to the literature in several ways. It provides the first 

systematic estimation of the effects of KTB issuance and emergency buybacks on 

the entire yield curve using an MF-DNS framework. It introduces a clean 

identification strategy by controlling for demand conditions with both 

macroeconomic variables and auction-level bidding data from primary dealers and 

preliminary primary dealers. Finally, it documents asymmetric effects of issuance 

and buybacks, offering new insights into how market conditions and liquidity 

frictions shape the transmission of bond-supply shocks. 

 

 

III. Overview of the Government Bond Market 
 

A. Issuance Status 
 

Government bonds in Korea consist of four major categories: Treasury Bonds 

(KTBs), Foreign Exchange Stabilization Fund Bonds (FESFBs), National Housing 

Bonds (NHBs), and Treasury Stabilization Bonds (TSBs). Among these, KTBs are 

the primary instrument issued to finance fiscal operations and serve as the 

benchmark in Korea’s fixed-income markets. KTBs are issued in multiple 

maturities—including 2-, 3-, 5-, 10-, 20-, 30-, and 50-year fixed-rate bonds—along 

with 10-year inflation-linked bonds. 
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FIGURE 1. MONTHLY OUTSTANDING BALANCE AND ISSUANCE OF TREASURY BONDS FROM 2015 TO 2021 

Source: Ministry of Economy and Finance, Treasury Bond Market Website. 

 

 

Figure 1 shows the monthly outstanding balance and issuance volume of KTBs 

from 2015 to 2021. During this period, both measures increased steadily, with a 

particularly sharp rise in 2020–2021 due to the large-scale fiscal stimulus following 

the COVID-19 pandemic. Between 2015 and 2019, the annual increase in 

outstanding balances was between KRW 20 trillion and KRW 47 trillion. However, 

in 2020 and 2021, the increase surged to KRW 115.3 trillion and KRW 116.9 trillion, 

respectively, pushing the outstanding balance to KRW 726.8 trillion in 2020 and 

KRW 843.7 trillion in 2021. 

For the purposes of this study, what matters is the timing and magnitude of these 

supply shifts, as they provide meaningful variation for identifying the yield effects 

of issuance shocks. Accordingly, the revised manuscript limits the discussion to 

major issuance changes and moves detailed historical tables and additional 

descriptive statistics to the Appendix. 

Figure 2 summarizes the evolution of issuance composition by maturity. Two 

structural features stand out. First, the Korean government expanded the maturity 

spectrum over time, introducing a 50-year bond in 2016 and reintroducing the 2-year 

KTB in 2021. Second, the share of long-term issuance increased markedly: the 30-

year KTB, for example, rose from 11.1% of annual issuance in 2015 to 26.5% in 

2021. This shift reflects stronger demand from long-horizon institutional investors, 

particularly insurers, and the government's efforts to extend its debt maturity profile. 

As a natural counterpart, the share of short-term issuance declined over the same 

period. 

The increase in long-term issuance, supported in part by foreign investors who 

hold a significant share of medium- and long-term KTBs, contributed to a gradual 

extension of the average maturity to 11.66 years by 2021. This maturity-lengthening 

strategy has reduced refinancing risk and supported more stable debt management. 

  



VOL. 48 NO. 2 The Effects of Increased Korea Treasury Bond Issuance on the Yield  5 

 
FIGURE 2. ISSUANCE COMPOSITION OF TREASURY BONDS BY MATURITY FROM 2015 TO 2021 

Source: Ministry of Economy and Finance, Treasury Bond Market Website. 

 

 

B. Treasury Bond Buyback (Buy-back) Operations 
 

This section examines the recent status of Treasury bond buybacks (early 

redemptions) in Korea. A buyback refers to the repurchase and cancellation of 

Treasury bonds by the government before their maturity. Buybacks can be classified 

into two types based on the funding source. 

First, a conventional buyback is conducted by issuing new Treasury bonds to 

finance the repurchase of existing ones (refinancing). As this approach simply 

replaces one bond with another, it does not alter the total outstanding balance of 

Treasury bonds. 

Second, buybacks can also be financed using surplus fiscal resources such as 

excess tax revenues. In this case, the outstanding amount of Treasury bonds is 

reduced, constituting a net redemption. 

The primary objective of buyback operations is to smooth the maturity profile of 

outstanding government debt. If a large volume of Treasury bonds matures within a 

short period, refinancing could require sudden large-scale issuances, potentially 

distorting the market and causing sharp interest rate hikes. By dispersing bond 

maturities through buybacks, the government can mitigate rollover risks and prevent 

sudden spikes in borrowing costs. 

In October of 2020, the Korea government introduced an emergency buyback 

system designed to strengthen the resilience of the government bond market and 

facilitate rapid policy responses to external and internal shocks. In practice, 

emergency buybacks were implemented in August and November of 2021 to 

counteract increased volatility and rapid interest rate hikes amid monetary policy 

normalization (see cases ④ and ⑤ below). 

The scale of buyback operations between 2015 and 2021is shown in Figure 3. The  
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TABLE 1— SUMMARY OF EMERGENCY BUYBACK OPERATIONS 

(Unit: trillion won) 

Date Notes Amount 

2017-10-25 
The buyback amount was unexpectedly increased from the pre-announced KRW 
1 trillion to KRW 1.6 trillion. 

+0.6 

2017-11-15 
A scheduled KRW 1 trillion buyback was canceled due to considerations related 

to deficit-financing discussions, market conditions, and year-end fiscal liquidity. 
△1.0 

2018-12-12 
The buyback operation was expanded from the planned KRW 2 trillion to KRW 
2.7 trillion, reflecting an unanticipated increase of KRW 0.7 trillion. 

+0.7 

2021-08-25, 
2021-08-31  

In anticipation of the Bank of Korea’s policy rate hike, the government conducted 

Korea’s first-ever emergency buybacks—KRW 1 trillion each—without prior 
notice. These net-redemption operations reduced the debt-to-GDP ratio and 

helped stabilize bond market volatility. 

+2.0 

2021-11-05 
Amid rapid interest rate increases, the government executed an additional KRW 
2 trillion emergency buyback. The announcement and immediate operation 

helped reverse the yield spike and restore market stability. 

+2.0 

2021-12-28 

A KRW 700 billion buyback was carried out using the remaining stabilization 

quota to smooth maturity profiles. Market expectations led to a decline in 3-year 
KTB yields the day before the operation. 

+0.7 

Source: MOEF Press Release; Monthly Treasury Bond Issuance Plan; BOK Financial Market Commentary; BOK 

Financial Market Key Indicators. 

 

 
(Unit: trillion won) 

 
FIGURE 3. SCALE OF TREASURY BONDS BUYBACKS FROM 2015 TO 2021 

Source: Ministry of Economy and Finance, “Treasury Bonds 2021,” 2022. 

 

 

Ministry of Economy and Finance (MOEF) pre-announces the schedule and amount 

of buybacks through its monthly KTB issuance plans. However, unexpected 

buybacks or unanticipated expansions in buyback volumes also occur. In this study, 

six such “unexpected buyback” cases are identified and summarized, as follows: 
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1. On or around October 25, 2017, the buyback volume was unexpectedly 

increased from the originally planned KRW 1 trillion to KRW 1.6 trillion. 

According to the MOEF’s “October Treasury Bond Issuance Plan” press 

release dated September 21, three buybacks were scheduled: KRW 1.5 

trillion on September 27, KRW 1 trillion on October 18, and KRW 1 trillion 

on October 25. While the latter was pre-announced, the actual operation on 

October 25 involved a KRW 1.6 trillion buyback, reflecting an unexpected 

increase. 

2. On or around November 15, 2017, a scheduled KRW 1 trillion buyback was 

canceled. In January of 2019, the MOEF explained that this decision was 

unavoidable, taking into account discussions on additional deficit bond 

issuances, market conditions, and fiscal liquidity at the year-end. 

3. On December 12, 2018, a buyback worth KRW 2.7 trillion was conducted. 

However, the official "December 2018 Treasury Bond Issuance Plan" had 

announced a KRW 2 trillion operation on that date. Thus, the buyback 

amount was unexpectedly expanded by KRW 0.7 trillion. 

4. On August 25, 2021, the first-ever emergency buyback in Korea history was 

implemented. Unlike conventional buybacks, emergency buybacks are 

announced at the time of operation without prior notice, in response to market 

conditions. Anticipating the Bank of Korea's first rate hike during the 

Monetary Policy Committee (MPC) meeting on August 26, the government 

conducted KRW 1 trillion emergency buybacks on August 25 and August 31. 

These operations were unexpectedly announced on August 20. Notably, 

unlike typical maturity-smoothing buybacks, these constituted net 

redemptions and represented the largest redemption effort backed by 

supplementary budgets. The operations contributed to a reduction in the 

national debt-to-GDP ratio and mitigated bond market volatility. 

5. On November 5, 2021, facing rapid interest rate increases due to rising 

concerns about global and domestic policy normalization, the government 

executed an additional KRW 2 trillion emergency buyback. Following a 

sharp rise in KTB yields in October, the government convened an emergency 

meeting on November 2 and announced the buyback, which was 

implemented immediately on November 5. The move signaled the 

government’s commitment to market stabilization, resulting in a reversal of 

the rate spike and a return to relative stability in the bond market. In total, 

emergency buybacks in 2021 amounted to KRW 4 trillion (cases ④ and 

⑤), helping ease volatility and suppress yield spikes. 

6. On December 28, 2021, a KRW 700 billion buyback was carried out to 

smooth maturity distributions using the remaining limit for market 

stabilization operations. This buyback plan was announced at the Treasury 

Bond Issuance Strategy Council meeting on December 22. According to the 

Bank of Korea’s financial market commentary, yields on 3-year KTBs fell on 

December 27 in anticipation of the buyback. 
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IV. Empirical Model and Estimation Method 
 

A. The Necessity of Controlling for  

Bond Demand (Capital Supply) Variables 
 

In this study, we estimate the impact of Treasury bond issuance on government 

bond yields using both a linear regression analysis and the macro-finance dynamic 

Nelson–Siegel (MF-DNS) model developed by Diebold et al. (2006). The MF-DNS 

model allows us to examine how exogenous changes in macroeconomic variables 

influence the entire yield curve. The following section outlines the MF-DNS 

framework and the details of our empirical specification. 

To analyze the effect of bond issuance on yields accurately, it is important to 

account for the supply of funds in the government bond market. This can be 

illustrated using a simple supply–demand framework. Figure 4 presents the supply 

and demand curves for funds in the Treasury bond market, where the x-axis denotes 

the quantity of funds and the y-axis shows the Treasury yield. The supply of funds is 

upward-sloping because higher yields incentivize market participants to provide 

more capital. In contrast, the government’s demand for funds—represented by bond 

issuance—is determined exogenously by fiscal needs and is therefore depicted as a 

vertical line. 

An increase in issuance corresponds to a rightward shift of the demand curve, as 

shown in Figure 4(a). When fiscal spending rises and the government issues more 

bonds, the market equilibrium moves from point A to point B, and yields increase 

from level A to level B, assuming that the supply curve remains unchanged. 

However, if the supply of funds rises at the same time—for example due to greater 

market liquidity or a stronger investor appetite—the supply curve will also shift to 

the right, as illustrated in Figure 4(b). In this case, the equilibrium moves from point 

B to point C and yields decline from level B to level C. This demonstrates that even 

when bond issuance expands, the observed yield response may be small or even 

negligible if the supply of funds adjusts simultaneously. Therefore, identifying the 

pure effect of Treasury issuance requires controlling for shifts in the supply of funds. 

To avoid overstating the role of demand controls, we clarify that our use of 

primary dealer (PD) bidding data is not intended to identify bond demand shocks in 

an exogenous or structural sense. We fully acknowledge that, within the MF-DNS 

framework, isolating pure demand shocks or fully controlling for all dimensions of 

investor demand is inherently difficult—a limitation shared by most empirical term-

structure studies. Our aim is not to assert that PD bid amounts provide a 

comprehensive measure of aggregate demand. Rather, we use these data as a 

practical, high-frequency proxy that captures part of the short-term variation in the 

market absorption capacity at the time of issuance. 

Accordingly, the PD bid data should be understood as a behavioral indicator of 

revealed willingness-to-purchase in the primary market, reflecting dealers’ liquidity 

positions, inventory conditions, and portfolio preferences. We do not assume that 

these bids trace out a structural downward-sloping demand curve, nor do we view 

them as fully exogenous demand shifters. Instead, they help mitigate potential  
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(a) For an increase in the government bond supply  

(funding demand) 

(b) For increases in both the government bond supply (funding 

demand) and government bond demand (funding supply) 

 
FIGURE 4. GOVERNMENT BOND DEMAND/SUPPLY CURVE 

 

 

omitted-variable bias by controlling for observable auction-level fluctuations in 

buying interest that coincide with supply shocks. This is especially relevant in 

segmented or partially segmented markets, where primary-market bidding behavior 

may evolve in ways not fully captured by secondary-market yields or macro-

financial variables. 

Finally, we explicitly acknowledge that PDs also participate actively in the 

secondary market, and their bidding decisions may incorporate expectations about 

future issuance events or broader market conditions. For this reason, we refrain from 

characterizing PD bids as “controlling for demand” in a strict structural sense. 

Rather, we position them as a complementary control that enhances the empirical 

identification of issuance effects relative to specifications without any auction-based 

demand information. This revised exposition reflects the methodological limitations 

highlighted by the referee and clarifies the realistic scope of what the PD bidding 

data can—and cannot—capture within our analytical framework. 

 

B. Model Specification: The MF-DNS Model 
 

To estimate how changes in Treasury bond issuance and buybacks affect the entire 

KTB yield curve, this study employs a macro-finance dynamic Nelson–Siegel (MF-

DNS) model. The MF-DNS framework is particularly suitable because it links 

movements in the yield curve to macroeconomic conditions while preserving the 

flexibility and empirical tractability of the original Nelson–Siegel representation. 

Importantly, the model provides a structure within which the influence of issuance 

shocks can be separated from contemporaneous demand factors—an identification 

challenge that simple regression approaches cannot fully overcome. 

A crucial innovation of this study is the incorporation of variables that directly 

address this identification problem. While bond yields are shaped not only by supply 

shocks but also by shifts in investor demand, standard yield curve models do not 

capture short-run demand fluctuations well. To address this, we augment the MF-
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DNS framework with two sets of variables. First, we include macroeconomic factors 

that broadly influence the demand for government bonds, in this case monetary 

policy, inflation conditions, and real activity indicators. Second, we incorporate 

auction-level bidding amounts from primary dealers (PDs and PPDs), which provide 

a high-frequency, behavior-based proxy for the market absorption capacity at the 

time of issuance. These bidding data help capture demand-side pressures that cannot 

be explained by macro variables alone—allowing us to better isolate the supply-

driven component of yield movements. This choice of variables is not merely an 

extension of the DNS structure but is a central element of our identification strategy. 

We also allow the influence of issuance shocks to differ before and after the 

COVID-19 pandemic by including a COVID dummy variable, reflecting the 

structural shift in both issuance patterns and investor behavior during this period. 

Furthermore, we distinguish issuance volumes by maturity bucket (short-, medium-, 

and long-term maturities) to examine how supply shocks propagate differently 

across the yield curve—an analysis that is essential for understanding the maturity-

dependent effects of the bond supply. 

While the full DNS and MF-DNS frameworks can be expressed as a state-space 

system with latent level, slope, and curvature factors, we keep the technical 

exposition concise and relegate full equations and derivations to the Appendix. The 

essential point is that each latent factor evolves according to macroeconomic 

conditions and issuance-related variables, allowing us to trace out how supply shocks 

affect yields of all maturities. 

Because the augmented MF-DNS model involves a large number of parameters 

and potentially strong multicollinearity between macro variables and latent factors, 

we adopt a Bayesian estimation strategy, which is widely used in the literature for 

high-dimensional term-structure models. Bayesian estimation improves numerical 

stability and reduces the risk of converging to local optima. Posterior distributions 

of parameters and latent factors are obtained via Markov chain Monte Carlo 

(MCMC) sampling, with computational details presented in the Appendix. The main 

text focuses on the conceptual motivation behind the approach, consistent with the 

referee’s guidance to avoid unnecessary technical elaboration. 

Through this integrated specification—combining macroeconomic controls, 

auction-based demand proxies, issuance-by-maturity variables, and a regime 

indicator for the COVID period—the MF-DNS model provides a coherent empirical 

framework that yields cleanly identified estimates of how issuance and buyback 

shocks shape the Korean government bond yield curve. 

 

C. The Model Framework: MF-DNS 
 

Building on Kang, Lee, and Kang (2021), we employ an MF-DNS model to 

estimate how KTB issuance affects the yield curve. While Kang, Lee, and Kang 

(2021) focused on the net issuance of selected maturities (10- and 20-year bonds), 

we extend their approach by incorporating total issuance across all maturities, further 

disaggregated into short-term (2–3 year), medium-term (5–10 year), and long-term 

(20–30 year) categories. This allows us to examine maturity-specific supply effects 

along the curve. 
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We also include a COVID-19 dummy variable to capture potential structural 

changes in the relationship between issuance and yields before and after the pandemic. 

Before presenting the macro-augmented model, we briefly outline the baseline 

dynamic Nelson–Siegel (DNS) framework, which represents the yield curve using 

three latent factors—level, slope, and curvature—in a parsimonious and empirically 

tractable form. 
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  

where 

 

 ( )ty  is the yield for a bond with maturity   at time t , 

 tl , ts , and tc  correspond to the level, slope, and curvature factors, respectively, 

   is a decay parameter, 

 ~ (0, )te N  is the measurement error assumed to follow a normal distribution. 

 tl  is a constant loading (equal to 1) across all maturities, representing the long-

term level of interest rates. 

 ts  affects short-term rates and decreases as maturity increases, capturing the 

slope of the curve. 

 tc  has the greatest influence at medium maturities and reflects the curvature. 

 

In the macro-augmented MF-DNS model, each factor tl , ts , and tc  is allowed 

to depend on its own lag and a vector of contemporaneous macroeconomic variables, 

tm . The transition equation is defined as follows: 

1 , ~ (0, )t ff t fm t t tf G f G m v v N −= + + +   

Combining the measurement and transition equations, the model can be expressed 

in state-space form as follows: 

Measurement equation:       t t ty f e= +  

Transition equation:    1t ff t fm t tf G f G m v −= + + +  

Here, ( , , )'t t t tf l s c=  and te  and tv  are mutually independent. 

From these, we can derive the effect of macroeconomic variables tm   on the 

contemporaneous yield curve ty . 

In line with standard practice in the Nelson–Siegel and MF-DNS literature, we fix 
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the decay parameter   at 0.0609, following the estimates reported in Diebold and Li 

(2006) and subsequent empirical applications for Korea. Fixing    ensures 

comparability with prior studies and prevents potential identification issues that arise 

when   is estimated jointly with the latent factors, especially in shorter samples. 

 

 

V. Data and Summary Statistics 
 

A. Data Description 
 

We use Korea Treasury bond yield data from January of 2015 to June of 2021. 

While some earlier studies begin with 2001 based on available yield data, we restrict 

our sample to 2015 onward because bid data from primary dealers (PDs and PPDs)—

crucial for controlling for bond demand during auctions—are available only from 

2015. 

Yield data are based on auction yield rates (awarded yields) provided by the 

Ministry of Economy and Finance (MOEF). Because awarded yields represent the 

coupon rate determined during the auction, they reflect the government’s effective 

borrowing cost. In contrast, spot yields (zero-coupon rates) reflect closing prices in 

the secondary market and may be influenced by non-issuance factors. Therefore, this 

study uses awarded yields to isolate the effect of the issuance volume on borrowing 

costs. We use five maturities: 3-, 5-, 10-, 20-, and 30-year KTBs. 

Additional macroeconomic variables include Korea’s policy rate, the U.S. federal 

funds rate, the 10-year U.S. Treasury yield, the KRW/USD exchange rate, the 

Consumer Price Index (CPI), the Industrial Production Index (IPI), and the Treasury 

turnover ratio. 

For the analysis of the impact of buybacks on yields, we use daily data, as 

buyback-induced yield changes occur over very short time frames and would not be 

captured by monthly frequency data. 

 

B. Descriptive Statistics 
 

Figure 5 illustrates the trends in Treasury bond (KTB) yields across different 

maturities from January of 2015 to June of 2021. At any given point in time, yields 

tend to be higher for longer-maturity KTBs. This upward-sloping yield curve reflects 

the fact that government bond yields are composed of the expected path of short-

term interest rates and a term premium. The term premium compensates investors 

for holding longer-duration bonds, which are exposed to greater risks. Thus, unless 

the expected short-term rate is projected to decline sharply in the future, yields 

typically increase with maturity. 

This characteristic is further confirmed by the summary statistics presented in 

Table 2. During the sample period, the average yields by maturity were as follows: 

approximately 1.58% for 3-year bonds, 1.77% for 5-year bonds, 2.02% for 10-year 

bonds, 2.07% for 20-year bonds, and 2.10% for 30-year bonds, clearly demonstrating 

the positive term structure. 

The time-series pattern of KTB yields generally mirrors the movements in the  
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(Unit: %) 

 
FIGURE 5. TREND OF TREASURY BOND ISSUANCE RATES BY MATURITY  

AND THE BANK OF KOREA BASE RATE 

Source: Internal data from the Ministry of Economy and Finance; Economic Statistics System, Bank of Korea. 

 

 
TABLE 2— DESCRIPTIVE STATISTICS FOR THE LINEAR REGRESSION ANALYSIS 

 
Total Period Before COVID-19 After COVID-19 

Obs Mean SD Min Max Obs Mean SD Min Max Obs Mean SD Min Max 

Treasury 

bond 

issuance 

rate 

(%) 

3-year 78 1.576 0.406 0.785 2.340 60 1.740  0.299  1.115  2.340  18 1.032  0.164  0.785  1.325  

5-year 78 1.769 0.405 1.085 2.590 60 1.895  0.364  1.230  2.590  18 1.347  0.194  1.085  1.675  

10-year 78 2.024 0.407 1.280 2.810 60 2.127  0.386  1.280  2.810  18 1.682  0.266  1.380  2.155  

20-year 78 2.067 0.404 1.156 2.760 60 0.156  0.398  1.156  2.760  18 1.769  0.261  1.430  2.255  

30-year 78 2.100 0.421 1.260 2.890 60 2.193  0.415  1.260  2.890  18 1.787  0.260  1.470  2.290  

Total issuance 

volume 

(trillion won) 

78 9.536 3.363 3.001 17.265 60 8.026  1.599  3.001  10.117  18 14.567  2.740  5.350  17.265  

Index of All 

Industry Production 

(%, YoY) 

78 1.789 2.849 -6.113 8.496 60 2.048 2.216 -4.459 7.957 18 0.928 4.325 -6.113 8.496 

U.S. 

Treasury 

yield 

(%) 

3-year 78 1.347 0.802 0.160 2.940 60 1.636  0.656  0.790  2.940  18 0.385  0.387  0.160  1.520  

5-year 78 1.598 0.745 0.270 3.000 60 1.897  0.540  1.070  3.000  18 0.601  0.371  0.270  1.560  

10-year 78 1.997 0.660 0.620 3.150 60 2.272  0.430  1.500  3.150  18 1.081  0.418  0.620  1.760  

20-year 78 2.342 0.560 1.060 3.270 60 2.569  0.355  1.820  3.270  18 1.583  0.436  1.060  2.240  

30-year 78 2.565 0.547 1.270 3.360 60 2.806  0.303  2.120  3.360  18 1.762  0.386  1.270  2.340  

BOK base rate (%) 78 1.279 0.424 0.500 2.000 60 1.479  0.202  1.250  2.000  18 0.611  0.246  0.500  1.250  

Treasury 

bond 

turnover 

ratio 

(%) 

3-year 78 247.0 82.8 127.2 563.2 60 254.5 90.5 127.2 563.2 18 222.3 42.0 149.0 294.8 

5-year 78 100.5 36.3 53.4 233.9 60 105.6 39.4  53.4 233.9 18 83.4 13.7 61.8 116.0 

10-year 78 32.8 5.5 21.4 51.5 60 33.2 5.6 23.1 51.5 18 31.3 4.8 21.4 43.8 

20-year 78 7.4 1.8 4.1 12.3 60 7.4 2.0 4.1 12.3 18 7.6 1.5 5.6  11.6 

30-year 78 14.0 4.3 4.7 26.9 60 14.3 4.4 4.7 26.9 18 12.9 3.690  8.180  24.4 

Bidding 

amount 

(trillion 

won) 

3-year 78 6.221 1.945 1.790 9.879 60 5.644  1.697  1.790  8.720  18 8.146  1.426  3.877  9.879  

5-year 78 5.919 1.743 1.730 9.269 60 5.489  1.673  1.730  9.269  18 7.353  1.103  3.292  8.503  

10-year 78 6.434 1.839 2.229 9.786 60 5.817  1.499  2.229  8.530  18 8.493  1.295  4.065  9.786  

20-year 78 2.393 0.694 0.644 3.913 60 2.300  0.693  0.644  3.464  18 2.703  0.615  1.248  3.913  

30-year 78 5.043 2.102 1.343 9.730 60 4.021  0.828  1.343  5.366  18 8.449  1.292  3.792  9.730  

Source: Internal data from the Ministry of Economy and Finance; Economic Statistics System, Bank of Korea. 
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(Unit: trillion KRW, %) 
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FIGURE 6. BIDDING AMOUNT AND BIDDING RATIO TRENDS BY MATURITY 

Source: Author’s calculations based on internal data from the Ministry of Economy and Finance. 

 

 

Bank of Korea’s policy rate, as shown in Figure 6. However, following the surge in 

bond issuance in 2020, yields began to rise despite the continued low level stated in 

the policy rate. Korea was in a monetary easing cycle from July of 2012 until 

November of 2017. Typically, changes in KTB yields precede changes in the policy 

rate. Accordingly, KTB yields declined gradually from 2015 through mid-2016, 

anticipating policy rate cuts. As expectations for monetary tightening emerged, 

yields gradually increased until early 2018. Subsequently, the policy rate entered 

another easing cycle from November of 2018, and the outbreak of COVID-19 pushed 

interest rates further to historic lows. 
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In addition to the bond issuance volume, this study considers other factors that 

may influence KTB yields. One such factor is the turnover ratio of government 

bonds, which serves as a proxy for market liquidity. Figure 7 depicts the turnover 

ratios for different maturities from 2015 to June of 2021. The turnover ratio is 

calculated as follows: 

100
Trading Volume

Turnover Ratio
Outstanding Volume

=   

In this study, the primary dealer (PD) bid data refer to the total amount of bids 

submitted by each PD in competitive KTB auctions, aggregated at the auction level. 

These bids contain the full schedule of price–quantity pairs that PDs are willing to 

purchase, thereby capturing their actual buying intentions at the time of issuance. 

Because PDs actively participate in both markets, i.e., primary and secondary, their 

auction bids reflect real-time information pertaining to inventory positions, liquidity 

conditions, and portfolio demand. As such, the bid amounts serve as a high-

frequency, action-based measure of underlying demand conditions that is more 

sensitive to short-term market dynamics than broader indicators such as holdings or 

turnover ratios. 

Against this backdrop, we use PD bid amounts as a control variable to partial out 

contemporaneous demand-side variation when estimating the pure supply effect of 

government bond issuance. While we do not claim that the PD bidding data offer a 

complete measure of bond demand, they meaningfully account for short-run 

fluctuations in the market absorption capacity and help reduce potential omitted-

variable bias in the identification of supply shocks within the MF-DNS framework. 

In this sense, PD bids are best interpreted as a practical and behaviorally grounded 

proxy for demand conditions at the moment of issuance, rather than as a fully 

exogenous demand shifter. 

Lastly, we explicitly acknowledge that PD bidding behavior may incorporate 

expectations about forthcoming issuance schedules, meaning that bid data should not 

be viewed as entirely exogenous. Our intention is not to suggest otherwise. Instead, 

we position bid data as a complementary control that refines identification by 

removing observable demand-side movements that coincide with issuance events. 

This clarification aligns the empirical strategy given the data limitations and 

highlights the incremental value of incorporating auction-level microdata relative to 

existing studies. 

At the same time, we acknowledge that PD bidding behavior may not be fully 

exogenous. In particular, PDs may adjust their bidding strategies in anticipation of 

heavy issuance periods, especially when the expected supply calendar places 

pressure on inventory management or the balance-sheet capacity. Such forward-

looking adjustments imply that bid volumes reflect expectations about future 

issuance as well as contemporaneous demand, thereby introducing potential 

endogeneity into the control variable. For this reason, we do not interpret PD bids as 

a structural or exogenous demand shifter. Instead, we position them as a 
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complementary control that improves empirical identification, while explicitly 

recognizing the limitations inherent in this approach.  

Figure 6 provides critical evidence of auction-level demand conditions, showing 

the evolution of both bid amounts and bid-to-cover ratios across different KTB 

maturities. These two indicators summarize the intensity of primary dealer (PD and 

PPD) demand at each auction and therefore serve as direct, behavior-based measures 

of the market’s short-run absorption capacity at the moment of issuance. Unlike 

macroeconomic variables, which capture broad demand conditions at a lower 

frequency, these auction indicators reveal how strongly investors are willing to 

absorb the new government bond supply at each auction. 

A key insight from Figure 6 is the sustained decline in bid-to-cover ratios since 

2016, even as total issuance volumes increased markedly. While bid amounts have 

risen gradually, they have not kept pace with the rapid growth in supply, resulting in 

lower coverage ratios across most maturities. This divergence highlights a tightening 

of marginal demand in the primary market. When issuance expands faster than 

demand, the auction becomes more supply-constrained, making yields more 

sensitive to issuance shocks. This pattern is particularly evident in the medium- and 

long-term segments, where demand has historically been thinner and more volatile. 

The trends documented in Figure 6 are therefore not merely descriptive; they 

motivate a core component of our identification strategy. By including bid amounts 

in the empirical model, we control for these auction-specific demand fluctuations 

that coincide with issuance shocks. Without such controls, estimated issuance effects 

would conflate supply shocks with shifts in the bidding pressure, especially during 

periods when bid-to-cover ratios are falling. Furthermore, because the decline in 

coverage ratios varies across maturities, Figure 6 also explains why issuance shocks 

may have heterogeneous effects along the yield curve—a result confirmed in our 

empirical findings. 

 

 

VI. Empirical Results 
 

A. The Impact of Government Bond Issuance on Market Interest Rates 
 

The empirical analysis in this study is based on the dynamic Nelson-Siegel (DNS) 

model with macroeconomic factors. To estimate the effect of increased Treasury 

bond issuance on the yield curve more accurately, it is essential to account for the 

dynamic interactions across maturities and time. These include the historical 

influences of the level, slope, and curvature on current yields. The dynamic structure 

of the Nelson-Siegel framework allows for such comprehensive modeling of 

intertemporal and cross-maturity interactions. 

In constructing the macroeconomic variables used in the model, the Industrial 

Production Index (IPI) and Consumer Price Index (CPI) are transformed into year-

over-year growth rates. Variables with deterministic trends and integrated order one 

(I(1)) characteristics—such as the exchange rate—are converted to stationary form 

via log-differencing (i.e., first differences of the log-transformed values). 

Table 3 presents the estimated effect of total KTB issuance on yields across  
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TABLE 3— MF-DNS ANALYSIS RESULTS:  

TOTAL TREASURY BOND ISSUANCE—TREASURY BOND YIELDS BY MATURITY 

 (1)  Bidding amount X  (2) Bidding amount O  

(3) Bidding amount O, Issuance volume × 

outstanding balance interaction term O 

Issuance volume Interaction 

Mean SD Mean SD Mean SD Mean SD 

3-year 0.0007 0.0052 0.0250 0.0120 0.0300 0.0303 -0.0025 0.0039 

5-year 0.0046 0.0047 0.0264 0.0107 0.0386 0.0275 -0.0030 0.0036 

10-year 0.0082 0.0048 0.0277 0.0108 0.0466 0.0265 -0.0034 0.0035 

20-year 0.0101 0.0050 0.0283 0.0114 0.0509 0.0267 -0.0036 0.0036 

30-year 0.0107 0.0052 0.0286 0.0117 0.0523 0.0269 -0.0037 0.0036 

Note: All estimated coefficients are expressed in percentage points (%p), and multiplying the values by 100 allows 

interpretation in basis points (bp). 

Source: Author’s calculations based on internal data from the Ministry of Economy and Finance and data from the 
Economic Statistics System of the Bank of Korea. 

 

 

maturities. The results indicate that increased issuance leads to higher yields across 

the entire yield curve. Specifically, a KRW 1 trillion increase in issuance is 

associated with an estimated rise in KTB yields of 2.50 to 2.86 basis points on 

average. All estimates are statistically significant. 

These estimates are derived under a specification that controls for shifts in the 

supply curve, including bid amounts and relevant macroeconomic variables. In 

contrast, when bid amounts are not controlled for, the estimated impact of a KRW 1 

trillion increase in issuance is only 0.5 to 1 basis point on average, and the estimates 

lack statistical significance as the maturity duration increases. For 5- and 10-year 

bonds, a KRW 1 trillion increase in issuance raises yields by approximately 2.64 

basis points and 2.77 basis points, respectively—higher than the corresponding 

estimate of 2.50 basis points for 3-year bonds by 0.14bp and 0.27bp. For 20- and 30-

year bonds, the estimated effects are 2.83bp and 2.86bp, respectively—

approximately 0.06bp and 0.09bp higher than that for the 10-year bond. 

This greater sensitivity of long-term bond yields can be attributed to two main 

factors: the rising share of long-term bond issuance and the relatively weak demand 

base for long-term KTBs. Since 2017, the proportion of long-term KTBs has steadily 

increased—from 21.1% in 2015 to 31.9% in 2021. As the share of long-term issuance 

expanded, the yield curve response to the total issuance volume became more 

concentrated at the long end. 

A useful way to interpret the magnitude of our estimates is to consider how typical 

fluctuations in issuance translate into changes in market yields. As shown in Figure 

1 and Table 2, the standard deviation of monthly KTB issuance during the sample 

period is approximately KRW 3.36 trillion—substantially larger than the KRW 1 

trillion unit used for our coefficient estimates. Applying our baseline estimate of a 

2.5–2.9 basis point yield increase per KRW 1 trillion issuance, a “typical” monthly 

fluctuation of roughly KRW 3 trillion would raise yields by about 7.5–8.7 basis 

points. This magnitude is economically meaningful in the Korean bond market, 

where yield changes of this size can influence funding conditions for households and 

firms, affect the pricing of long-term institutional portfolios, and alter the 
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government’s fiscal borrowing costs. 

Interpreting the estimates in this context highlights the policy relevance of 

issuance decisions: even routine monthly adjustments in issuance volumes can 

generate yield movements large enough to affect macro-financial conditions. This 

underscores the importance of managing the timing and scale of bond issuance—

particularly during periods of elevated volatility or strained demand conditions—to 

mitigate unnecessary increases in the cost of capital across the economy. 

Beyond changes in issuance proportions by maturity, the impact of increased 

issuance on yields may differ across short-, medium-, and long-term maturities even 

when controlling for issuance shares. To investigate this further, we conduct an 

additional estimation using the MF-DNS model, disaggregating issuance volumes 

into three categories: short-term (2- and 3-year), medium-term (5- and 10-year), and 

long-term (20-, 30-, and 50-year) bonds. This allows us to assess whether the effect 

of issuance on yields is systematically differentiated by maturity segment. 

According to the results summarized in Table 4, when short-term issuance 

increases by KRW 1 trillion, yields on 3-year and 5-year KTBs rise by approximately 

2.85 basis points (bp) and 2.34bp, respectively. In contrast, yields on medium- and 

long-term bonds increase by only 0.6–1.58bp, with estimates not statistically 

significant. When medium-term issuance increases by KRW 1 trillion, yields on 10-, 

20-, and 30-year bonds rise by 2.65bp, 2.45bp, and 2.15bp, respectively, while short-

term yields increase by only 1.10–1.76bp, also lacking statistical significance. 

Finally, a KRW 1 trillion increase in long-term issuance leads to increases of 2.62bp 

for 20-year and 3.15bp for 30-year bonds. In contrast, yields on short- and medium-

term bonds do not exhibit statistically significant changes. These findings suggest 

that long-term issuance—and to some extent, medium-term issuance—affects long-

term yields more significantly than short-term yields. 

Taken together, the disproportionate impact on long-term yields appears to be 

driven by two factors: the growing share of long-term issuance in recent years, and 

the sensitivity of long-term yields to increases in both medium- and long-term 

issuance volumes. 

 

 
TABLE 4— MF-DNS ANALYSIS RESULTS:  

SHORT-, MEDIUM-, AND LONG-TERM TREASURY BOND ISSUANCE—TREASURY BOND YIELDS BY MATURITY 

 
(1) 

Short-term 
(2) 

Mid-term 
(3) 

Long-term 

Mean SD Mean SD Mean SD 

3-year 0.0286 0.0132 0.0111 0.0113 0.0104 0.0168 

5-year 0.0235 0.0128 0.0177 0.0119 0.0136 0.0162 

10-year 0.0159 0.0129 0.0265 0.0127 0.0189 0.0153 

20-year 0.0080 0.0127 0.0246 0.0125 0.0262 0.0152 

30-year 0.0061 0.0125 0.0216 0.0124 0.0315 0.0154 

Note: All estimated coefficients are expressed in percentage points (%p), and multiplying the values by 100 allows 
interpretation in basis points (bp). 

Source: Author’s calculations based on internal data from the Ministry of Economy and Finance and data from the 

Economic Statistics System of the Bank of Korea.  
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TABLE 5— MF-DNS ANALYSIS RESULTS 2:  

TOTAL TREASURY BOND ISSUANCE—TREASURY BOND YIELDS BY MATURITY 

 Maturity Mean SD 25% 50% 75% 

Bidding volume X 

Pre-COVID-19 ×  

Total issuance volume 

3-year 0.0058 0.0071 0.0010 0.0053 0.0106 

5-year 0.0110 0.0067 0.0065 0.0107 0.0155 

10-year 0.0158 0.0071 0.0114 0.0157 0.0205 

20-year 0.0184 0.0076 0.0136 0.0187 0.0235 

30-year 0.0192 0.0078 0.0144 0.0195 0.0245 

Post-COVID-19 ×  

Total issuance volume 

3-year -0.0007 0.0067 -0.0052 -0.0011 0.0036 

5-year 0.0014 0.0061 -0.0030 0.0013 0.0052 

10-year 0.0034 0.0063 -0.0009 0.0034 0.0075 

20-year 0.0044 0.0066 0.0001 0.0044 0.0088 

30-year 0.0047 0.0068 0.0004 0.0046 0.0093 

Bidding volume O 

Pre-COVID-19 ×  

Total issuance volume 

3-year 0.0300 0.0144 0.0203 0.0299 0.0403 

5-year 0.0335 0.0127 0.0250 0.0333 0.0423 

10-year 0.0368 0.0130 0.0285 0.0372 0.0455 

20-year 0.0386 0.0139 0.0295 0.0388 0.0479 

30-year 0.0391 0.0143 0.0300 0.0396 0.0486 

Post-COVID-19 ×  
Total issuance volume 

3-year 0.0207 0.0133 0.0114 0.0209 0.0302 

5-year 0.0222 0.0115 0.0144 0.0223 0.0301 

10-year 0.0236 0.0114 0.0160 0.0238 0.0313 

20-year 0.0244 0.0120 0.0163 0.0246 0.0325 

30-year 0.0246 0.0123 0.0164 0.0248 0.0328 

Note: 1) Total issuance refers to the sum of issuance volumes of 3- to 30-year Treasury bonds; 2) The data analysis 

period is from January of 2015 to June of 2021; 3) The pre-COVID-19 period refers to January of 2015 to December 
of 2019, and the post-COVID-19 period refers to January of 2020 to June of 2021; 4) All estimated coefficients are 

expressed in percentage points (%p), and multiplying the values by 100 allows interpretation in basis points (bp). 

Source: Author’s calculations based on internal data from the Ministry of Economy and Finance and data from the 
Economic Statistics System of the Bank of Korea. 

 

 

Furthermore, estimation results from the model incorporating an interaction term 

between issuance volume and outstanding balance reveal that as the outstanding 

balance increases, the yield impact of new issuance decreases. Specifically, when the 

outstanding stock increases by KRW 100 trillion, the marginal effect of a KRW 1 

trillion issuance on yields falls by approximately 0.25–0.37bp. Although the 

estimates lack strong statistical significance, they suggest that the expanded demand 

base for Korea Treasury Bonds in recent years may have attenuated the yield effects 

of new issuance. 

Table 5 presents estimates of the effect of the total issuance volume on yields by 

maturity, again separating the pre- and post-COVID periods. These results indicate 

that the yield impact per KRW 1 trillion of issuance decreased after the onset of the 

pandemic. With bid amounts controlled for, yields increased by an average of 3.00– 
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Total Outstanding Korean Treasury Bonds and Foreign Investors’ Holdings 

(Unit: trillion won) 

Net Foreign Investment in Korean Treasury Bonds 

(Unit: trillion won) 

 

 

FIGURE 7. FOREIGN INVESTORS IN KOREA TREASURY BONDS: HOLDINGS, SHARE, AND NET INVESTMENT 

Source: Infomax. 

 

 

3.91bp per KRW 1 trillion before COVID-19, with all estimates statistically 

significant. After COVID-19, the yield impact fell to 2.07–2.46bp on average, with 

statistically significant estimates for all maturities except the 3-year bond. 

These findings are consistent with the earlier results from the interaction model in 

Table 6, which also suggested that the marginal impact of issuance on yields has 

declined since 2020. This may reflect a broadening of the demand base for KTBs. In 

particular, increased confidence among foreign investors in Korea’s bond market 

may have played a key role. Foreign investors have continued to participate actively 

in the KTB market. According to the IMF, even during the 2013 ‘taper tantrum’, 

when the currencies of many emerging Asian economies depreciated sharply, 

Korea’s exchange rate and government bond yields remained stable. This stability 

may have led foreign investors to reclassify Korea as a “safe haven” (Hansen and 

Krogstrup, 2019). Such a perception has likely supported the expansion of demand 

for Korea Treasury Bonds in recent years, thereby reducing the magnitude of yield 

increases in response to new issuance. 

Finally, Table 5 also confirms that in both pre- and post-COVID periods, the effect 

of issuance on yields increases with the bond maturity duration. Before COVID-19, 

yields on 5- and 10-year bonds rose by 3.35bp and 3.68bp per KRW 1 trillion upon 

issuance, compared to 3.00bp for 3-year bonds. Yields on 20- and 30-year bonds 

increased by 3.86bp and 3.91bp, respectively—0.18bp and 0.23bp higher than for 

the 10-year bond. All estimates are statistically significant. 

After COVID-19, yields on 5- and 10-year bonds increased by 2.22bp and 2.36bp, 

respectively, relative to 2.07bp for the 3-year bond. For 20- and 30-year bonds, the 

estimated effects were 2.44bp and 2.46bp, respectively—0.08bp and 0.10bp greater 

than for the 10-year bond. 

Additional evidence supports the interpretation that the weaker post-COVID 

issuance effect reflects a broadening of the demand base for Korean Treasury Bonds. 

As shown in Figure 7, foreign investors’ holdings of KTBs increased markedly after 

2020. Both the level and the share of foreign holdings rose steadily, moving from 

below 15% prior to the pandemic to nearly 30% by 2023. This expansion in foreign 
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participation coincides with a period in which overall outstanding government debt 

grew substantially, indicating that foreign investors absorbed a meaningful portion 

of the increased supply. 

The panel on the right in Figure 3 also shows that net foreign investment in KTBs 

became persistently positive during 2020–2022, with several months exhibiting 

inflows exceeding KRW 20–40 trillion. These inflows occurred despite heightened 

global volatility, suggesting that foreign investors increasingly viewed Korean 

government bonds as a comparatively safe and stable asset. This shift in investor 

perception is consistent with the broader narrative that Korea’s bond market has 

begun to function as a “safe haven” relative to other emerging markets. 

Taken together, the rise in foreign holdings and strong net inflows imply that the 

demand base for KTBs expanded significantly in the post-COVID period. This 

structural strengthening of demand provides a concrete explanation of the empirical 

finding in Table 5 that the yield impact of issuance (per KRW 1 trillion) declined 

after 2020. With a larger share of issuance absorbed by foreign investors and other 

long-horizon institutions, the marginal pressure of the additional supply of bonds on 

yields naturally diminished. 

 

B. The Impact of Treasury Bond Buybacks on Market Interest Rates 
 

This section analyzes the impact of government bond buybacks, which—although 

opposite in direction to the interest rate effects of bond issuance—operate through 

the same underlying mechanism of altering the supply of government bonds. In 

Korea, buybacks are generally classified as either routine operations aimed at 

smoothing the maturity profile and emergency buybacks conducted for market 

stabilization. Routine buybacks are typically anticipated by market participants, 

making it unlikely that they will generate significant yield movements at the time of 

announcement or execution. In contrast, emergency buybacks are unanticipated and 

tend to produce more immediate and noticeable yield effects, often on the day of the 

announcement or even before the actual operation is carried out. 

To clarify why buyback effects may differ from issuance effects, we provide a 

brief theoretical rationale. Under a standard benchmark, increases and decreases in 

the bond supply would yield symmetric price responses. However, market 

microstructure considerations suggest that buyback effects are likely to be 

asymmetric. Emergency buybacks are usually conducted during periods of market 

stress or reduced liquidity, when the marginal value of liquidity is heightened. In 

such circumstances, reducing the outstanding supply can help relieve dealers’ 

inventory imbalances, ease balance-sheet constraints, and compress liquidity premia 

more strongly than what would be predicted by a simple reversal of issuance shocks. 

Furthermore, issuance and buyback operations interact differently with preferred-

habitat or segmented-market structures. Large-scale issuance often exerts upward 

pressure on yields in maturity segments where investor demand is relatively 

inelastic, thereby raising term premia. Conversely, emergency buybacks are typically 

targeted at segments experiencing yield dislocations or pronounced supply–demand 

imbalances. Removing bonds from these stressed segments can therefore have a 

disproportionately large marginal effect. This provides a plausible theoretical basis 
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underlying why buyback effects need not mirror issuance effects on a one-for-one 

basis. 

Our empirical expectation of asymmetry thus does not rely on the assumption of 

different structural elasticities. Rather, it reflects the fact that issuance and buyback 

operations occur under systematically different market conditions and serve different 

economic functions. We explicitly incorporate this interpretation into the revised 

manuscript. 

Because the effects of emergency buybacks tend to materialize over short time 

horizons, we rely on daily rather than monthly or quarterly data to capture yield 

responses accurately in these situations. Initial results using the dynamic Nelson–

Siegel model—including both routine and emergency buybacks—are presented in 

Tables 6 and 7. These results show no clear patterns or statistically significant effects, 

likely due to the overwhelming dominance of routine buybacks that are already 

incorporated into market expectations. To address this, we separately analyze the 

subset of emergency buybacks. 

The results, reported in Table 8, indicate that emergency buybacks lead to 

statistically significant declines in government bond yields. Across the full sample 

period, a KRW 1 trillion emergency buyback lowers yields by approximately 1.91 

basis points for 3-year bonds, 2.12 basis points for 5-year and 10-year bonds, 2.09 

basis points for 20-year bonds, and 2.08 basis points for 30-year bonds. These results 

suggest that the yield-lowering effect is most pronounced for maturities of ten years 

or less. Although the 20- and 30-year yields fall slightly less than the 5- and 10-year 

yields, they still decline more than the 3-year yield by around 0.18 basis points. 

Importantly, the effects differ significantly between the pre- and post-COVID-19 

periods. Before the pandemic, a KRW 1 trillion emergency buyback reduced yields 

by 0.72 basis points for 3-year bonds, 1.07 basis points for 5-year bonds, 1.89 basis 

points for 10-year bonds, 2.39 basis points for 20-year bonds, and 2.55 basis points 

for 30-year bonds—all statistically significant. These findings indicate that prior to 

COVID-19, buybacks exerted particularly strong effects on long-term maturities. 

After the onset of COVID-19, however, the pattern shifts. Yields declined by 3.52 

basis points for 3-year bonds, 3.54 basis points for 5-year bonds, 2.58 basis points 

for 10-year bonds, 1.95 basis points for 20-year bonds, and 1.74 basis points for 30-

year bonds. The estimates are statistically significant for the 3- and 5-year maturities 

only, implying that the impact of emergency buybacks became larger in magnitude 

overall but more concentrated in short-term maturities. 

This post-pandemic pattern likely reflects the combination of an accommodative 

monetary policy and sharply rising issuance, which together constrained the degree 

to which long-term yields could decline. Emergency buybacks during this period 

appear to have been timed to alleviate temporary supply–demand imbalances facing 

primary dealers (PDs and PPDs), thereby easing short-term market stress. The 

stronger yield response in the short-term segments may also reflect the fact that 

banks and securities firms—who are more sensitive to short-term liquidity 

pressures—hold a larger share of short-term bonds, whereas insurers, who are less 

liquidity-constrained, dominate long-term bond holdings. Consequently, the market 

impact of emergency buybacks was more pronounced at the short end of the yield 

curve.  
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TABLE 6— EFFECTS OF TOTAL BUYBACKS ON TREASURY YIELDS  

(EXCLUDING BUYBACK ANNOUNCEMENT DUMMIES) 

Period Maturity Mean SD 25% 50% 75% 

I. Total period 

(June 2017 – 

December 2021) 

3-year 0.0008 0.0031 -0.0013 0.0008 0.0027 

5-year 0.0007 0.0030 -0.0012 0.0007 0.0025 

10-year -0.0010 0.0029 -0.0028 -0.0011 0.0008 

20-year -0.0022 0.0030 -0.0041 -0.0023 -0.0002 

30-year -0.0026 0.0031 -0.0046 -0.0027 -0.0005 

II. Pre-COVID-19 

3-year -0.0011 0.0038 -0.0036 -0.0011 0.0014 

5-year -0.0016 0.0036 -0.0039 -0.0016 0.0006 

10-year -0.0032 0.0035 -0.0056 -0.0032 -0.0009 

20-year -0.0042 0.0037 -0.0067 -0.0041 -0.0018 

30-year -0.0046 0.0038 -0.0072 -0.0045 -0.0021 

III. Post-COVID-19 

3-year 0.0078 0.0092 0.0013 0.0071 0.0138 

5-year 0.0086 0.0085 0.0021 0.0078 0.0134 

10-year 0.0065 0.0083 -0.0002 0.0060 0.0119 

20-year 0.0050 0.0084 -0.0015 0.0044 0.0105 

30-year 0.0044 0.0085 -0.0022 0.0041 0.0099 

Note: 1) Dummies were created for −1 day, +1 day, +2 days, and +3 days relative to the buyback announcement date; 

2) The pre-COVID-19 period refers to January of 2015 to December of 2019, and the post-COVID-19 period refers 

to January of 2020 to June of 2021; 3) All estimated coefficients are expressed in percentage points (%p), and 
multiplying the values by 100 allows interpretation in basis points (bp). 

Source: Author’s calculations based on internal data from the Ministry of Economy and Finance and data from the 

Economic Statistics System of the Bank of Korea. 

 

 
TABLE 7— EFFECTS OF TOTAL BUYBACKS ON TREASURY YIELDS  

(INCLUDING BUYBACK ANNOUNCEMENT DUMMIES) 

Period Maturity Mean SD 25% 50% 75% 

I. Total period 

(June 2017 – 
December 2021) 

3-year 0.0004 0.0031 -0.0018 0.0004 0.0027 

5-year 0.0000 0.0030 -0.0020 0.0000 0.0020 

10-year -0.0012 0.0029 -0.0031 -0.0013 0.0007 

20-year -0.0019 0.0031 -0.0039 -0.0020 0.0001 

30-year -0.0021 0.0032 -0.0042 -0.0022 0.0000 

II. Pre-COVID-19 

3-year -0.0009 0.0038 -0.0037 -0.0009 0.0018 

5-year -0.0015 0.0038 -0.0042 -0.0015 0.0011 

10-year -0.0029 0.0036 -0.0053 -0.0030 -0.0004 

20-year -0.0038 0.0038 -0.0064 -0.0038 -0.0013 

30-year -0.0041 0.0039 -0.0068 -0.0041 -0.0015 

III. Post-COVID-19 

3-year 0.0059 0.0088 -0.0001 0.0061 0.0117 

5-year 0.0063 0.0082 0.0003 0.0065 0.0118 

10-year 0.0061 0.0080 0.0008 0.0060 0.0122 

20-year 0.0059 0.0083 0.0004 0.0056 0.0119 

30-year 0.0059 0.0084 0.0001 0.0059 0.0120 

Note: 1) Dummies were created for −1 day, +1 day, +2 days, and +3 days relative to the buyback announcement date; 

2) The pre-COVID-19 period refers to January of 2015 to December of 2019, and the post-COVID-19 period refers 
to January of 2020 to June of 2021; 3) All estimated coefficients are expressed in percentage points (%p), and 

multiplying the values by 100 allows interpretation in basis points (bp). 

Source: Author’s calculations based on internal data from the Ministry of Economy and Finance and data from the 

Economic Statistics System of the Bank of Korea. 
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TABLE 8— EFFECT OF EMERGENCY BUYBACKS ON TREASURY YIELDS  

(EXCLUDING BUYBACK ANNOUNCEMENT DUMMIES) 

Period Maturity Mean SD 25% 50% 75% 

I. Total period 

(June 2017 – 

December 2021) 

3-year -0.0171 0.0082 -0.0222 -0.0171 -0.0120 

5-year -0.0188 0.0080 -0.0240 -0.0189 -0.0141 

10-year -0.0201 0.0077 -0.0250 -0.0200 -0.0158 

20-year -0.0207 0.0082 -0.0261 -0.0206 -0.0158 

30-year -0.0209 0.0085 -0.0265 -0.0209 -0.0157 

II. Pre-COVID-19 

3-year -0.0081 0.0089 -0.0140 -0.0095 -0.0015 

5-year -0.0114 0.0091 -0.0168 -0.0124 -0.0059 

10-year -0.0169 0.0093 -0.0233 -0.0172 -0.0112 

20-year -0.0201 0.0098 -0.0263 -0.0208 -0.0136 

30-year -0.0211 0.0100 -0.0273 -0.0219 -0.0146 

III. Post-COVID-19 

3-year -0.0338 0.0129 -0.0426 -0.0355 -0.0249 

5-year -0.0331 0.0129 -0.0416 -0.0339 -0.0238 

10-year -0.0200 0.0138 -0.0282 -0.0184 -0.0129 

20-year -0.0115 0.0149 -0.0209 -0.0080 -0.0016 

30-year -0.0086 0.0154 -0.0183 -0.0052 0.0007 

Note: 1) Dummies were created for −1 day, +1 day, +2 days, and +3 days relative to the buyback announcement date; 

2) The pre-COVID-19 period refers to January of 2015 to December of 2019, and the post-COVID-19 period refers 

to January of 2020 to June of 2021; 3) All estimated coefficients are expressed in percentage points (%p), and 
multiplying the values by 100 allows interpretation in basis points (bp). 

Source: Author’s calculations based on internal data from the Ministry of Economy and Finance and data from the 

Economic Statistics System of the Bank of Korea. 

 

 
TABLE 9— EFFECT OF EMERGENCY BUYBACKS ON TREASURY YIELDS  

(INCLUDING BUYBACK ANNOUNCEMENT DUMMIES) 

Period Maturity Mean SD 25% 50% 75% 

I. Total period 

(June 2017 – 
December 2021) 

3-year -0.0191 0.0081 -0.0244 -0.0193 -0.0137 

5-year -0.0212 0.0077 -0.0264 -0.0210 -0.0154 

10-year -0.0212 0.0076 -0.0261 -0.0213 -0.0158 

20-year -0.0209 0.0085 -0.0264 -0.0210 -0.0149 

30-year -0.0208 0.0089 -0.0266 -0.0211 -0.0148 

II. Pre-COVID-19 

3-year -0.0072 0.0069 -0.0124 -0.0085 -0.0031 

5-year -0.0107 0.0072 -0.0149 -0.0110 -0.0061 

10-year -0.0189 0.0079 -0.0243 -0.0191 -0.0129 

20-year -0.0239 0.0088 -0.0294 -0.0242 -0.0158 

30-year -0.0255 0.0092 -0.0318 -0.0262 -0.0180 

III. Post-COVID-19 

3-year -0.0352 0.0141 -0.0434 -0.0363 -0.0254 

5-year -0.0354 0.0135 -0.0435 -0.0368 -0.0271 

10-year -0.0258 0.0154 -0.0353 -0.0272 -0.0164 

20-year -0.0195 0.0172 -0.0304 -0.0208 -0.0101 

30-year -0.0174 0.0179 -0.0291 -0.0185 -0.0074 

Note: 1) Dummies were created for −1 day, +1 day, +2 days, and +3 days relative to the buyback announcement date; 

2) The pre-COVID-19 period refers to January of 2015 to December of 2019, and the post-COVID-19 period refers 
to January of 2020 to June of 2021; 3) All estimated coefficients are expressed in percentage points (%p), and 

multiplying the values by 100 allows interpretation in basis points (bp). 

Source: Author’s calculations based on internal data from the Ministry of Economy and Finance and data from the 

Economic Statistics System of the Bank of Korea. 
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VII. Conclusion 
 

As a result of the expansionary fiscal policy implemented in response to the 

economic shock caused by COVID-19, the issuance of Korea Treasury Bonds 

(KTBs) increased sharply starting in 2020. An increase in KTB issuance signifies a 

rise in government funding demand, which naturally leads to an upward pressure on 

KTB yields. Higher government bond yields, in turn, lead to increases in corporate 

bond yields and lending rates for both firms and households, thereby imposing 

greater financial burdens on borrowers—particularly those already carrying high 

levels of debt. 

According to the empirical findings of this study, a KRW 1 trillion increase in 

KTB issuance raises KTB yields by approximately 2.5 to 2.9 basis points. This effect 

has become more pronounced in the post-COVID-19 period, especially for medium- 

and long-term maturities, where the investor base is relatively weak. Conversely, the 

analysis of KTB buybacks—which reduce the bond supply and thus operate in the 

opposite direction—shows that a KRW 1 trillion buyback decreases KTB yields by 

approximately 1.9 to 2.1 basis points. Similar to the issuance effect, the yield-

reducing impact of buybacks is more significant for medium- to long-term bonds, 

which have thinner demand support. 

The upward pressure on yields due to increased KTB issuance naturally leads to 

concerns about potential crowding out in the corporate bond and household credit 

markets. To mitigate the side effects of rising borrowing costs for firms and 

households caused by higher KTB yields, attracting additional foreign capital is 

essential. In this regard, the Korean government is currently pursuing inclusion in 

the FTSE World Government Bond Index (WGBI). Prior studies suggest that WGBI 

inclusion could bring in KRW 60–90 trillion of additional foreign capital, which 

would help offset the yield increases caused by larger KTB issuance events and 

reduce the crowding-out effect in the private sector. 

However, such a strategy should be accompanied by a thorough assessment of the 

risks, particularly the potential for sudden capital outflows during periods of shifting 

global risk appetite. Future research is expected to explore these risks and contribute 

to a more comprehensive understanding of the externalities associated with large-

scale foreign capital inflows. 
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APPENDIX 
 

 

A. Estimation Methodology 
 

The set of parameters to be estimated includes  , G ,  , and  , collectively 

denoted by  . We employ Bayesian estimation to estimate these parameters. While 

standard DNS models without macro variables can be estimated via the least squares 

approach, the inclusion of macroeconomic regressors introduces multicollinearity—

particularly between the level factor and macro variables that remain constant across 

maturities in a given time period. This precludes the use of least squares methods. 

Previous MF-DNS studies used either maximum likelihood estimation or Bayesian 

methods. Given the large number of parameters associated with macroeconomic 

variables, the likelihood function may have multiple local maxima, making Bayesian 

estimation preferable. In this study, we adopt a Bayesian approach. 

Prior distributions for parameters are specified as follows: 
 

 Variances in  : inverse gamma distribution, 

 Parameters   and elements of G : normal distribution, 

 Covariance matrix  : inverse Wishart distribution. 
 

The prior hyperparameters are calibrated based on instances in the literature. 

Given the priors, we sample from the posterior distribution of the parameters using 

the Markov chain Monte Carlo (MCMC) method. The burn-in period is set to 100 

iterations, followed by 1,000 sampling iterations. The procedure consists of the 

following steps: 
 

 Step 1: Given X  ,   , and    and current parameter values, sample   

and latent states G  using Gibbs sampling. 

 Step 2: Given the sampled X ,  , and G , sample parameters  . 

 Step 3: Sample covariance matrices  . 

 Step 4: Use the Carter and Kohn (1994) algorithm to sample the latent factors. 

 

B. Robustness Analysis  
 

Table A1 and Table A2 present the parameter estimates of the MF-DNS model 

without and with the inclusion of bid amounts, respectively. Both models incorporate 

an identical set of macroeconomic variables, with the only difference being whether 

bid amounts are included as an additional explanatory variable. The tables report the 

posterior means and distributional properties of each estimated parameter. 

In the model including bid amounts (Table A2), the bond issuance volume appears 

to have a particularly strong effect on the level factor. The estimated coefficient of 

issuance volume on the level factor is 0.029, which is larger in magnitude than its 

effect on the slope factor (−0.010), and is statistically significant. In contrast, when 

bid amounts are excluded (Table 3), the estimated coefficients for issuance volume 

on the level and slope factors are 0.012 and −0.0279, respectively—both statistically 

significant.
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These results imply that when auction demand (bid amounts) is controlled for, the 

effect of bond issuance is primarily transmitted through the level factor. Without 

controlling for bid amounts, issuance affects both the level and slope of the yield 

curve. Moreover, by multiplying these factor sensitivities with the corresponding 

factor loadings, we estimate the marginal effect of bond issuance on KTB yields 

across maturities. As shown in Table 6, the estimated impact of issuance on yields 

increases across all maturities when bid amounts are included, indicating that 

controlling for demand-side variation strengthens the observed effect of issuance on 

yields. 

Table A3 presents the parameter estimates from an extended version of the MF-

DNS model that includes an interaction term between the issuance volume and the 

outstanding stock of KTBs as an additional observable factor. The estimated 

coefficient of the issuance volume on the level factor is 0.0551, which is greater in 

magnitude than its impact on the slope factor (−0.0619) and curvature factor 

(2.933×10⁻⁷). This suggests that increases in bond issuance primarily affect the level 

of the yield curve. 

The estimated coefficients for the interaction term between the issuance volume 

and total outstanding KTB balance are −0.0038 for the level factor and 0.0031 for 

the slope factor. In other words, this interaction term exerts a positive effect on the 

level factor and a negative effect on the slope factor. Therefore, even if the estimated 

coefficients for level and slope have opposite signs, the overall effect of the 

interaction term on yields may still be negative. 

For instance, for 3-year bonds (i.e., 36 =  ), and using a decay parameter 

0.0609 =   as in prior literature, the slope factor loading 
1 e 



−−
  evaluates to 

approximately 0.405. The level factor loading is equal to 1. Based on these loadings, 

the estimated impact of the issuance–stock interaction term on the 3-year yield is 

−0.0025, indicating a negative effect. Thus, despite the level and slope coefficients 

having opposite signs, the net effect of the interaction on yields can be negative 

depending on maturity-specific factor loadings. 

Tables A4 and A5 provide parameter estimates from the MF-DNS model, 

comparing pre-COVID (January 2015–December 2019) and post-COVID (January 

2020–June 2021) periods, both with and without bid amounts as explanatory 

variables. When bid amounts are controlled for, the estimated coefficient of issuance 

on the level factor is 0.0403 before COVID-19 and 0.0251 after. This suggests that 

issuance has a stronger effect on the level factor in the post-COVID period. 

Meanwhile, the estimated impact on the slope factor is −0.0253 before the pandemic 

and −0.0110 after, indicating a smaller negative influence in the latter period. 

Thus, bond issuance has a positive effect on the level factor and a negative effect 

on the slope factor, consistent with the results in Table A2, which pools both 

subperiods. 

Even when issuance negatively affects the slope factor, it may still exert a positive 

effect on yields, depending on the maturity-specific factor loadings. According to 

equation (5), the marginal impact on yields is the product of the factor loadings and 

the transition matrix. For example, for 3-year bonds ( 36 =  ), given a decay 

parameter 0.0609 = , the slope factor loading is approximately 0.405. Hence, the  
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estimated effect of a KRW 1 trillion increase in issuance on 3-year yields is 0.300bp 

before COVID-19 and 0.207bp after. For 5-year bonds ( 60 = ), with a slope loading 

of 0.267, the impact is estimated at 0.335bp pre-COVID and 0.222bp post-COVID. 

These estimates are consistent with those in Table B5, and this applies to the 10-, 

20-, and 30-year maturities as well. 

 

C. Summary of News Reports on Emergency Buyback Operations  
 

This appendix provides a summary of major news reports of emergency buyback 

operations. 

 

1. 2017-10-25, +0.6 trillion won 

The bond market reacted sensitively after the Ministry of Economy and Finance 

raised next week’s government bond buyback from 1 trillion to 1.6 trillion won and 

adjusted the maturities. Ten- and three-year Treasury futures pared losses after an 

initial drop. With sentiment already weakened by the Bank of Korea’s hawkish tone 

and U.S. tax reform concerns, dealers noted that the thin market is quick to react 

even to modest policy changes. 

(https://news.einfomax.co.kr/news/articleView.html?idxno=3417316) 

 

2. 2017-11-15, △1.0 trillion won 

Market participants criticized the Ministry of Economy and Finance for abruptly 

canceling the scheduled bond buyback, saying the explanation was insufficient and 

the intraday announcement inappropriate. Many found the next-day clarification 

unconvincing and pointed to broader communication shortcomings. The ministry 

responded that internal discussions related to excess tax revenue delayed the decision. 

(https://news.einfomax.co.kr/news/articleView.html?idxno=3421312) 

 

3. 2018-12-12, +0.7 trillion won 

The Ministry of Economy and Finance announced that it will conduct an 

additional government bond buyback on the 19th, totaling 2.7 trillion won. The 

buyback scheduled for the 12th has also been expanded by 700 billion won, bringing 

this month’s total to three rounds. The move is part of the government’s plan to repay 

4 trillion won of deficit-financing bonds early. Three bonds maturing next year were 

added to the eligible buyback list. 

(https://news.einfomax.co.kr/news/articleView.html?idxno=4006458) 

 

4. 2021-08-25, 2021-08-31, +2.0 trillion won 

The Ministry of Economy and Finance swiftly finalized and announced two 

emergency net buybacks—each worth 1 trillion won—scheduled for the 25th and 

31st. The timing, size, and target issues were released within roughly an hour, a 

deliberate move to enhance market predictability and minimize noise. Although 

some market participants linked the operations to the upcoming rate decision, the 

ministry dismissed such interpretations, emphasizing that the buybacks aim only to 

smooth volatility rather than influence rates. 

(https://news.einfomax.co.kr/news/articleView.html?idxno=4163771) 
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5. 2021-11-05, +2.0 trillion won 

Korean government bond yields fell sharply, supported by a global rally in U.S. 

Treasuries and the government’s emergency buyback operation. Foreign investors 

shifted from selling to buying futures in the afternoon, improving market sentiment, 

while the Finance Ministry’s 2-trillion-won buyback of 5- and 10-year issues further 

boosted demand. Market participants expect a continued search for fair yield levels 

driven by global data and monetary policy signals. 

(https://news.einfomax.co.kr/news/articleView.html?idxno=4182406) 

 

6. 2021-12-28, +0.7 trillion won 

The Ministry of Economy and Finance announced that it will conduct a 700-

billion-won government bond buyback on the 28th. The operation aims to provide 

year-end liquidity and help smooth the maturity profile of bonds issued during the 

COVID-19 response period. Details on the specific issues to be purchased will be 

released in a forthcoming auction notice. 

(https://news.einfomax.co.kr/news/articleView.html?idxno=4190194) 
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CBDC and Bank Money Creation 

By SUNJOO HWANG* 

This paper examines the impact of a retail type of Central Bank Digital 

Currency (CBDC) on bank lending. While concerns exist that CBDC 

could reduce bank lending by diverting deposits from commercial banks 

to the central bank, this paper argues that the relationship between 

CBDC and bank lending is more complex because real-life banks do not 

lend out of deposits but instead create deposits by making loans. By 

examining a model of “fountain pen money” creation, the paper shows 

that a bank's lending capacity is influenced by both cash deposits and 

an augmentation factor. While CBDC reduces the capacity for lending 

as some deposits shift to the central bank, the magnitude of this 

reduction depends on the size of the augmentation factor and may not 

lead to a significant decrease in bank lending. In economies where 

banks lend close to their deposit base, such as in South Korea, the 

reduction in lending due to CBDC is likely to be marginal. Furthermore, 

this paper explores the social welfare implications of the contractionary 

effect of CBDC, showing that if the money creation constraint is weakly 

binding, CBDC can improve social welfare by mitigating excessive 

lending. Conversely, if the money creation constraint is strongly binding, 

CBDC may reduce social welfare by exacerbating credit shortages. 

Key Word: CBDC, Bank Lending, Money Creation, Social Welfare 

JEL Code: E58, G21, O40 

 

 

 I. Introduction 

 

entral bank digital currency (CBDC) is a digital form of fiat money issued by a 

central bank. It is designed to operate on the blockchain, although it may also 

be traded off-chain in certain cases. CBDC is a crypto-currency backed by a central 

bank and is legal tender, making it usable for nearly all transactions. Individuals can 

deposit cash into an electronic wallet or account provided by a central bank and 

exchange it on a one-to-one basis for CBDC. In this paper, I focus on retail CBDC, 

which can be used by anyone, as opposed to wholesale CBDC, which is restricted to  
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financial institutions. 

CBDCs offer multiple potential benefits. Recent research by IMF and BIS 

scholars highlights several advantages of retail CBDCs, including reductions in the 

cost of producing and managing cash, the promotion of financial inclusion, 

enhancements to payment infrastructure, the preservation of monetary sovereignty, 

and the mitigation of financial stability risks posed by private stablecoins (Bouis 

et al., 2024). Moreover, Nikitin et al. (2025) emphasize that CBDCs can be made 

programmable and integrated with smart contracts, enabling governments to issue 

restricted forms of CBDC that can be used only for specific, pre-authorized goods 

and services. 

However, the introduction of CBDC raises significant concerns, particularly 

regarding the potential impact of doing so on the deposit-taking and lending 

activities of commercial banks. If retail CBDC is introduced, some people may 

choose to deposit their money with the central bank, as opposed to a commercial 

bank, as the central bank is generally perceived as more trustworthy. Related to this, 

Keister and Sanches (2022) show that CBDC may crowd out bank deposits and 

thereby reduce investment.1 International organizations and central banks around 

the world are also concerned about the potential for CBDC to reduce bank lending.2  

This concern is based on the widespread belief that banks lend money primarily 

from deposits. Existing studies such as those by Keister and Sanches (2022), Kim 

and Kwon (2022), and Jun and Yeo (2021) that find contractionary effects of CBDC 

commonly assume that lending is constrained by net deposits (i.e., deposits minus 

central bank reserves). Given this assumption, it follows naturally that bank lending 

would contract as CBDC substitutes for bank deposits. However, in the U.S. and 

many other advanced countries, the central bank’s reserve requirement is no longer 

binding, which means it does not effectively constrain bank lending (see Bennett and 

Peristiani, 2002). This suggests that there are factors beyond net deposits that 

determine the level of bank lending.  

In practice, banks do not lend out of deposits; they lend “out of nothing.” For 

instance, when a bank makes a loan of $100, it does not hand $100 in cash to the 

borrower. Instead, it simply credits the borrower’s deposit account with $100. This 

process is referred to as “fountain pen money creation” (Tobin, 1963), because 

bankers can create deposits by adjusting balances in accounts. Research from the 

Bank of England provides further details pertaining to how banks create money 

through lending (see McLeay et al., 2014). This means that in some cases, bank 

lending can exceed funds held in deposits. In such cases, one may expect that even 

if retail CBDC causes some deposits to shift from commercial banks to the central 

bank, banks may not reduce lending because they can create more money. If this is 

the case, the connection between CBDC and bank lending becomes unclear: bank 

lending may not decrease when CBDC is introduced, and even if it does, the 

reduction may not be as significant as the shift of deposits from commercial banks 

to the central bank. The extant literature does not consider money creation by banks 

 
1 However, some studies find the opposite outcome when imperfect competition in the banking sector is 

considered. According to Chiu and Davoodalhosseini (2023) and Andolfatto (2021), as the central bank becomes a 

significant competitor in the deposit market, commercial banks may respond by increasing interest rates to attract 

depositors. This could lead to an increase in bank deposits and, consequently, bank loans. 
2See BIS et al. (2020), World Bank (2021), PBoC (2021), ECB (2021), and BOJ (2020).  
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and therefore does not address interactions among CBDC, deposit demand, and 

credit supply via money creation (see Keister and Sanches, 2022; Kim and Kwon, 

2022; and Jun and Yeo, 2021).  

This paper extends a recently developed model of fountain pen money creation 

(see Parlour et al., 2022) and addresses the following key questions regarding the 

impact of CBDC on financial intermediation by banks. First, what factors determine 

the maximum amount of loans a bank can create through lending, i.e., the loanable 

amount? Second, does CBDC reduce the loanable amounts available to banks? 

Third, does CBDC lead to a reduction in the actual amounts of bank lending? Fourth, 

does CBDC decrease social welfare by limiting bank lending?   

The first main result is that the loanable amount equals cash deposits multiplied 

by an augmentation factor. This augmentation factor can be greater than, less than, 

or equal to 1, depending on specific characteristics of the banking sector. While 

banks can create money by lending “out of nothing” initially, borrowers may 

withdraw some or all of the newly created funds subsequently. As a result, banks 

must maintain sufficient cash or liquid assets to meet these withdrawal demands. In 

other words, when a bank issues a new loan, its money creation constraint becomes 

tighter. The augmentation factor will be greater than 1 if the proportion of depositors 

who face unexpected liquidity needs or who transfer their funds from commercial 

banks to the central bank is sufficiently small.  

The second main result is that CBDC reduces loanable amounts as some deposits 

move from commercial banks to the central bank. However, the magnitude of this 

reduction may be greater than, less than, or equal to the decrease in deposits. If the 

augmentation factor is small, the reduction in loanable amounts will be smaller than 

the decrease in deposits. Conversely, if the augmentation factor is large, the reduction 

in loanable amounts will exceed the decrease in deposits. 

The third main result is that CBDC may or may not reduce actual loan amounts. 

If the misconception that banks lend solely from cash deposits were true, the impact 

of CBDC on bank lending would be straightforward: if banks are constrained by 

deposit funding and lend up to the amount of deposits, the decrease in bank lending 

equals to the decrease in deposits minus central bank reserves. However, if banks are 

not constrained by deposits and therefore lend less than the total amount of deposits, 

CBDC would have no effect on lending.  

However, this analogy is based on a flawed premise. In the context of fountain 

pen money creation, the effects of CBDC on bank lending differ from the scenario 

described above. If banks lend up to their deposits before the introduction of CBDC, 

they will continue to lend the same amount even after CBDC is introduced, provided 

that the transfer of money to the central bank is marginal. This will occur because 

when banks lend up to deposits, their loanable amounts exceed the actual deposits, 

assuming that we ignore the knife-edge case in which the loanable amounts are 

identical to the actual deposits. As a result, even if the loanable amounts decrease 

slightly due to a small transfer of deposits to the central bank, the loanable amounts 

still exceed actual deposits and commercial banks can maintain the same level of 

lending. For instance, in South Korea, commercial banks lend amounts nearly equal 

to their deposits (see Section 2). Therefore, the theoretical analysis in this paper 

suggests that bank lending will not significantly decrease after the introduction of 

CBDC, especially if there are some limits on individual CBDC holdings or other 
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safeguards to prevent large-scale deposit outflows from commercial banks to the 

central bank.  

The fourth main result is that social welfare may increase, decrease, or remain 

unchanged after the introduction of CBDC. If the money creation constraint is non-

binding in the absence of CBDC, bank lending remains unchanged and social welfare 

stays the same, provided that the transfer of deposits to the central bank is marginal. 

The money creation constraint is non-binding if the productivity of projects financed 

by banks is high enough or if the fraction of depositors who face unanticipated 

liquidity needs is small.  

If the money creation constraint is binding, banks will reduce lending following 

the introduction of CBDC. The welfare implication, however, depends on the extent 

to which the money creation constraint is binding. Generally, the socially efficient 

amount of bank lending is lower than the optimal amount that banks would lend from 

their perspective, as banks are protected by limited liability: they capture the full 

gains from successful loans while only bearing a fraction of the costs from failures. 

However, the social planner takes into account the full costs and benefits of both 

success and failure. This discrepancy gives rise to a moral hazard problem, inducing 

banks to take excessive risks. In other words, banks have an incentive to extend more 

loans than is socially optimal.  

Therefore, there are two scenarios to examine. First, suppose the money creation 

constraint is weakly binding in the absence of CBDC in the sense that the loanable 

amount is smaller than banks’ optimal loan amount but still larger than the socially 

efficient loan amount. In this case, the introduction of CBDC will reduce bank 

lending and social welfare will increase as a result, as the problem of excessive risk-

taking is alleviated. Keister and Sanches (2022) also find the same result that this 

disintermediation effect of CBDC can enhance welfare. However, in their model, 

welfare can increase not because the disintermediation alleviates the moral hazard 

problem but because it leads to an increase in the stock of liquid assets in the 

economy, which in turn facilitates exchange and production activities.   

Alternatively, suppose the money creation constraint is strongly binding in the 

sense that the loanable amount is smaller than both the banks’ optimal loan amount 

and the socially efficient loan amount. In this case, the introduction of CBDC will 

decrease social welfare if the transfer of funds to the central bank is marginal, as the 

reduction in bank lending exacerbates the problem of insufficient lending.   

In extensions, this paper also examines the effects of CBDC on bank lending in 

the presence of alternative sources of funding. Firstly, as banks lose deposits to the 

central bank, they are likely to expand wholesale funding in order to recover the 

funding gap and to augment their lending. Jun and Yeo (2021) and Whited et al. 

(2023) consider models in which banks can react to a reduction in demand deposits 

by increasing wholesale funding. Other studies find however that bank lending 

decreases because the cost of capital of wholesale funding rises as banks demand 

more wholesale funds and therefore can only partially recover the funding gap. 

However, if the wholesale funding cost is fixed, banks can recover more lending. 

Unlike these studies, the present study explicitly considers money creation by banks 

and shows that the loanable amount will decrease even if the wholesale funding cost 

is fixed because the introduction of CBDC ultimately reduces the ability of banks to 

create money and thereby their bank lending amounts. 
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Secondly, the literature shows that bank lending remains unchanged following the 

introduction of CBDC if the central bank fully passes the deposits it receives from 

CBDC issuance through to commercial banks. Using models in which banks do not 

create money but simply lend out existing cash, Brunnermeier and Niepelt (2019) 

and Fernández-Villaverde et al. (2021) demonstrate that a CBDC system with full 

pass-through lending by the central bank yields an equivalence result in economic 

outcomes. Building on a framework in which banks endogenously create money, this 

paper theoretically confirms this equivalence result. However, the result holds only 

when the central bank passes through the entire amount of deposits to commercial 

banks. Put differently, this paper shows that the equivalence breaks down even if the 

central bank withholds a very small share of these deposits. 

This paper is structured as follows. Section 2 presents a model of fountain pen 

money creation and examines the effects of CBDC on bank lending. Section 3 

explores the implications of these theoretical findings for the Korean economy. 

Section 4 extends the analysis by considering the possibility of banks raising funds 

in the wholesale borrowing market. Section 5 offers another extension, in which the 

central bank can pass deposits to commercial banks in order to recover their loanable 

amounts.  

 

 

II. Theoretic Analysis 
 

The model economy consists of a continuum of households, with a total mass of 

one, a representative entrepreneur, and a monopolist commercial bank. There is a 

single consumption good in the economy, and the price of this good is denominated 

in units of the consumption of the good itself. The economy operates over three 

dates: 0, 1, and 2. For simplicity, there is no time-discounting.  

At date 0, each household is endowed with e units of real cash. This cash can be 

exchanged one-for-one with the consumption good, and it is also directly 

consumable. There is a central bank that offers demand deposit accounts to 

households, accepts cash deposits, and issues retail CBDC. For instance, if a 

household deposits one unit of cash into their central bank deposit account, the 

central bank issues one unit of CBDC to the household. Cash, CBDC, and the 

consumption good can be exchanged on a one-to-one basis. It is assumed here that 

the CBDC is non-interest bearing and hence that the net interest rate on CBDC is 

zero. The commercial bank also provides demand deposit accounts for households. 

For simplicity, I assume that the central bank or commercial banks do not provide 

savings deposit accounts.  

There are two types of households in the economy: the CBDC type and the bank 

type. CBDC-type households deposit their cash into central bank deposit accounts, 

while bank-type households deposit their cash into commercial bank accounts. 

Storing cash at home is costly and inconvenient such that households prefer to 

deposit their cash either with the central bank or with the commercial bank rather 

than holding it themselves. Let   represent the fraction of CBDC-type households 

and (1 )−  represent the fraction of bank-type households. The net interest rates on 

demand deposits are zero for both central bank accounts and commercial bank 

accounts because both accounts provide convenience yields to depositors: 
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households require rapid and convenient payment services in order to transact 

products and/or services, and they can access to these payment services only if they 

have demand deposit accounts offered by the central bank or the commercial bank. 

For simplicity, I assume that there is no central bank reserve requirement.3  

After receiving cash deposits from households, the commercial bank makes a loan 

l  to the representative entrepreneur (In this baseline model, the central bank does 

not make loans). Let R  denote the gross loan interest rate. The entrepreneur uses 

the loan to hire labor from households and invests in a project described by the 

function ( )f l   where 0   , '( ) 0f l   , ''( ) 0f l   , (0) 0f =  , and lim ( )
l

f l
→

=  . 

If this project is successful, it yields output ( )f l , but if it fails, the output is zero. 

The probability of project failure is 0p  . The entrepreneur is protected by limited 

liability, meaning that its expected profit is given by (1 )[ ( ) ]p f l Rl− − . Because 

the monopolist commercial bank has significant bargaining power over the 

representative entrepreneur, the entrepreneur must satisfy a zero-profit condition. 

This implies that the bank charges the maximum possible loan interest rate, 

( )R f l= , which ensures that the entrepreneur’s expected profit is zero. I use this 

assumption of the bank’s bargaining power only for simplicity, and the main result 

is not altered even if the entrepreneur has bargaining power.  

 

A. Money Creation and Loanable Amounts 
 

When the commercial bank decides to give a loan l  to the entrepreneur, it does 

not physically transfer cash but instead adjusts the entrepreneur’s deposit account 

balance held with the bank. In other words, the bank creates deposit money by 

making the loan, as observed by Tobin (1963). As a result, the entrepreneur sees an 

increase in his deposit balance equal to the loan amount l . The entrepreneur then 

uses this deposit money to purchase labor from households, paying wages by 

transferring l   to the households’ deposit accounts. A fraction    of these 

households are of the CBDC type, meaning they hold central bank deposit accounts. 

Therefore, the entrepreneur must transfer amount l   in cash to the CBDC-type 

households’ central bank accounts. The remaining households are of the bank type 

and hold commercial bank accounts, meaning that the entrepreneur must transfer 

(1 )l−  in cash to these households’ commercial bank accounts. As a result, the total 

liquidity outflow from the commercial bank to the central bank is l . It is important 

to note that the total amount of deposits held by households at the commercial bank 

is (1 )( )e l− + , where (1 )e−  represents the initial cash deposits that bank-type 

households placed in the bank, and (1 )l−   represents the new deposits created 

when the entrepreneur pays wages to these households. 

At date 1, households are classified into one of two types based on whether they 

face unexpected cash needs. Some households, known as “impatient-type” 

households, have no choice but to withdraw cash immediately from their deposit 

accounts to cover unforeseen expenses. For example, some may need to pay medical 

bills, while others may have caused car accidents and need to settle cash payments 

 
3In the U.S. and many other advanced countries, the central bank’s reserve requirement is no longer binding 

(see Bennett and Peristiani, 2002). 
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with the victims. Let    represent the fraction of impatient-type households. 

Because each household has (1 )( )e l− +   in their bank account, the total cash 

withdrawn by impatient-type households is (1 )( )e l − + . This amount represents 

the total cash outflow that the commercial bank faces at date 1.  

The remaining ‘patient-type’ households do not face unanticipated cash needs and, 

as a result, choose to wait until date 2 to withdraw their deposits. Consequently, the 

commercial bank faces the following money creation constraint: 

(1)   (1 )( ) (1 )e l e l   − +  − −  

By rewriting the money creation constraint above, we can derive the loanable 

amount Ll  , which is the maximum loan amount that the commercial bank can 

extend without violating the money creation constraint: 

(2)  

(1 )
[(1 ) ]

(1 )

[Augmentation factor] [Cash deposits]

Ll l e



  

 −
   − 

+ − 

= 

 

For expositional simplicity, let’s assume that the central bank does not introduce 

CBDC; i.e., 0 = . Under the incorrect conventional wisdom, it is often assumed 

that banks make loans out of their cash deposits and that the loanable amount 

therefore would simply equal the initial cash deposits e . However, in actuality, 

banks create loans “out of nothing” in the first place (i.e., they create deposit money 

when they issue loans), but subsequently must be able to meet the liquidity outflows 

associated with those loans. In such cases, the loanable amount is given by 

1Ll e




−
= . This amount can be either larger or smaller than the initial cash deposits  

e   depending on the fraction    of impatient-type households. For example, if 

0→ , the loanable amount Ll  becomes unlimited because almost no households 

will withdraw cash early, allowing the bank to lend almost infinitely without 

violating the money creation constraint. Conversely, if 1 = , the loanable amount 
Ll  becomes zero, as the bank will have to maintain all cash to meet withdrawal 

demands without leaving a penny for lending. The numerator (1 )−   of the 

augmentation factor represents the fraction of patient-type households who leave 

their deposits in the bank until date 2, while the denominator    represents the 

impatient-type households who withdraw their deposits early on date 1. As   

increases, the amount of deposits available for lending decreases, thus reducing the 

loanable amount.  

 

B. The Effects of CBDC on Loanable Amounts 
 

In this section, I will discuss the effect of CBDC on banks’ lending capacity. When 

the central bank introduces CBDC, the commercial bank loses cash deposits to an  
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FIGURE 1. CONTRACTIONARY EFFECTS OF CBDC 

 

 

amount of e  because CBDC-type households choose to deposit their endowments 

into the central bank instead of the commercial bank. The conventional, but 

incorrect, view assumes that the commercial bank’s loanable amount equals cash 

deposits, meaning that the size of the decrease in the lending capacity is equal to the 

loss of deposits.  

However, a more realistic theory of fountain pen money creation suggests that 

while the loanable amount does decrease, the magnitude of the decrease, i.e., Ll , 

may be either smaller or larger than the reduction in cash deposits (see Figure 1). 

One may expect that the commercial bank could increase deposit creation to preserve 

liquidity if it loses cash deposits to the central bank. However, money creation does 

not effectively preserve the bank’s liquidity; rather, it enhances the liquidity of the 

borrowers who receive loans, not the bank itself. To understand this, note that the 

commercial bank can create money only by making loans. When a new loan is 

provided, the entrepreneur receives liquidity, whereas the bank loses liquidity, as the 

entrepreneur uses the newly created money to make payments to households, some 

of whom then withdraw cash from the bank. Therefore, the commercial bank is 

unlikely to increase its lending in response to a decrease in cash deposits due to the 

introduction of CBDC.  

Although the introduction of CBDC ends up reducing the commercial bank’s 

lending capacity, the magnitude of this reduction can vary. If the augmentation factor 

(i.e., 
1

(1 )



  

−

+ −
) is sufficiently small, the decrease in the bank’s loanable amount 

will be smaller than the decrease in cash deposits. This factor is small when there is 

a large proportion of impatient-type or CBDC-type households. In this case, for each 

unit of loan the bank makes, more liquidity flows out of the bank. (Recall that when 

the bank makes a loan l  , CBDC-type households withdraw l   at date 0, and 

impatient-type households withdraw (1 ) l −  at date 1.) Consequently, the bank 

can make only small loan amounts for a given level of cash deposits. Therefore, even 

if the central bank takes some cash deposits away from the commercial bank by 

introducing CBDC, the reduction in the bank’s lending capacity is relatively small. 
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On the other hand, if there are fewer impatient-type or CBDC-type households, 

the augmentation factor is large, meaning the bank can extend a large amount of 

loans with a small amount of cash deposits. In this scenario, a small reduction in cash 

deposits leads to a significant cut in lending capacity, making the contractionary 

effect of CBDC more pronounced. The following proposition summarizes this 

discussion: 

 

Proposition 1. Suppose the central bank introduces CBDC. Then: 

 

(i) The loanable amount Ll  decreases. 

(ii) The reduction in the loanable amount ( Ll ) is smaller than the reduction in 

cash deposits ( e ) if and only if the augmentation factor is sufficiently small; 

i.e., 
1

(1 )




  

−


+ −
. For example, Ll e   for any   when 0.618  , 

but Ll e   for any   when 0.50  . 

 

Proof. The benchmark case is where there is no CBDC (i.e., 0 = ) and the case of 

interest is where the central bank introduces CBDC (i.e., 0  ). 

 

(i) The loanable amount Ll  is the product of cash deposits ( (1 )e− ) and the 

augmentation factor 
(1 )

(1 )



  

−

+ −
. Both the cash deposits and augmentation  

factor decrease as   increases from zero to a positive number. Therefore, the 

loanable amount decreases.  

(ii) The reduction in the loanable amount is smaller than the reduction in the cash 

deposits if and only if  

1 (1 )(1 )
( 0) ( 0)

(1 )

1 (1 )(1 )

(1 )

1

(1 )

L Ll l e e
  

  
   

  


   




  

 − − −
 = −  = −    + − 

 − − −
 −  

+ − 

−
 

+ −

 

■ 

 

C. Banks’ Optimal Lending 

 

At date 2, the entrepreneur’s outcome is determined: the entrepreneur either 

succeeds or fails. If successful, the entrepreneur generates an output of ( )f l  and 

repays ( )Rl f l=  to the commercial bank. The bank then repays the patient-type 

households an amount of (1 )(1 )( )e l − − + . Conversely, if the entrepreneur fails, 
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no output is produced, and the bank receives nothing from the loan. Nevertheless, 

the bank is still obligated to repay the patient-type households as much as possible, 

using all of their remaining cash. The remaining cash is given by 

(1 ) (1 )( )e l e l   − − − − + , where (1 )e−  represents the initial cash deposits and 

l  and (1 )( )e l − +  represent the liquidity outflows at dates 0 and 1, respectively.  

Looking ahead to dates 1 and 2, the commercial bank chooses the loan amount at 

date 0 in order to maximize its expected profit. This expected profit is given by the 

following lemma.  

 

Lemma 1. The commercial bank’s expected profit   at date 0 is given by 

(3)    (1 )[ ( ) ]p f l l = − −  

Proof. At date 0, the net cash flow of the commercial bank is (1 )e l − −  because 

the bank-type households deposit (1 )e−   with the bank, while the CBDC-type 

households withdraw l   from the bank. At date 1, the bank’s net cash flow is 

(1 )( )e l − − +  as impatient-type households withdraw (1 )( )e l − + . At date 2, if 

the entrepreneur succeeds, the bank receives ( )f l  and repays (1 )(1 )( )e l − − +  

to patient-type households. If the entrepreneur fails, the bank receives nothing but 

repays the remaining cash (1 ) (1 )( )e l e l   − − − − +  to the depositors. Thus, the 

bank’s expected profit equals 

[(1 ) ] [ (1 )( )]

(1 )[ ( ) (1 )(1 )( )]

[(1 ) (1 )( )]

(1 )[ ( ) ]

e l e l

p f l e l

p e l e l

p f l l

    

  

   



= − − + − − +

+ − − − − +

− − − − − +

= − −

 

■ 

The commercial bank chooses an optimal amount of loan at date 0 by solving the 

following profit maximization problem:  

(4)   max (1 )[ ( ) ]
l

p f l l = − −  

subject to the money creation constraint (2). Let 
Bl   denote the unconstrained 

optimal solution to the profit maximization problem. That is, 

(5)     '( ) 1 at  Bf l l l = =  

If the unconstrained optimum Bl  is no more than the loanable amount Ll , it is 

feasible and hence is the optimal solution to the profit maximization problem in (4). 

However, if 
Bl  exceeds 

Ll , the unconstrained optimum violates the money creation 

constraint and the commercial bank therefore must choose the loanable amount. Let 
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*l  denote the optimal solution to the profit maximization problem. This is given by  

(6)        
* min{ , }B Ll l l=  

At the end of date 2, the commercial bank closes and distributes its profit to the 

households. The bank is owned by the households; however, management and 

ownership are separate, meaning that the households do not have direct influence 

over the bank’s management. 

In Proposition 1, I show that the introduction of CBDC reduces the bank’s 

loanable amount. Does this mean that the bank will actually reduce lending? Because 

the loanable amount is the maximum loan the bank can make, the answer to this 

question depends on whether the optimal loan amount is constrained by the loanable 

amount. 

This is where the fountain pen money creation theory becomes important. If we 

consider the mistaken belief that the bank lends money out of cash deposits, the 

following scenario arises. In the case where the bank is constrained by its cash 

deposits (i.e., it lends as much as the deposits before the introduction of CBDC), one 

can expect that the introduction of CBDC reduces bank lending, as cash deposits 

move from the bank to the central bank.  

However, this expectation is incorrect when considering the reality of fountain 

pen money creation. If the bank lends as much as its cash deposits under the absence 

of CBDC, the optimal loan amount *( 0)l  =  equals e , and according to the money 

creation constraint (2), it is smaller than the loanable amount ( 0)Ll  = .4 If the impact 

of CBDC in relocating deposits from the bank to the central bank is marginal, i.e., if 

   is small, CBDC only marginally reduces ( )Ll    (see Proposition 1) and e  

therefore remains smaller than ( 0)Ll   . Given that the money creation constraint (2) 

does not bind, the bank will not adjust its loan amount. That is, CBDC does not affect 

bank lending, which stands in stark contrast to the common belief that the bank’s 

lending is constrained by cash deposits. This arises because, in actuality, the constraint 

on bank lending is not cash deposits but rather the loanable amount as determined by 

the money creation constraint (2).  

Next, we consider the nonbinding case in which the bank lends less than its cash 

deposits. If one adheres to the false assumption that banks lend out of cash deposits, 

they will expect CBDC to have no effect on lending, as the bank is not constrained by 

its deposits. However, under the fountain pen money creation framework, the current 

model implies that bank lending will decrease after the introduction of CBDC. This 

discussion is summarized in the following proposition:  

 

Proposition 2. For a small amount of  , 

 

Case 1. Suppose 
*l e=   in the absence of CBDC. Then, after the introduction of 

CBDC, 
*l  does not change if 1/ 2  ; but if 1/ 2 = , 

*l  decreases. 

 

4 I rule out the measure-zero case of ( 0)
L

e l = =  . This case holds if and only if 1 / 2 =  . Given that 

[0,1]  , ‘ 1 / 2 = ’ is a measure-zero event.  
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Case 2. Suppose *l e   in the absence of CBDC. Then, after the introduction of 

CBDC, *l  decreases if the money creation constraint (2) is binding at 

0 = ; but if the money creation constraint (2) is not binding at 0 = , *l  

does not change. 

 

Proof. In the following, I shall use the notation * *( )l l =  for convenience. 

Consider case 1. Then, *(0) (0)Ll e l=    according to the money creation 

constraint (2). If 1/ 2  , then 
1

(0)Le l e




−
 = . Therefore, (0)Le l . In this case, 

a small increase in    leads to a marginal reduction in (0)Ll   and, therefore, e  

remains smaller than ( 0)Ll    . As the money creation constraint (2) is still non-

binding, the bank does not change the loan amount. If 1/ 2 = , then (0)Le l= . In this 

case, if    increases marginally, ( )Ll    decreases marginally and, hence, 

( 0)Le l    . That is, *(0) ( 0)Ll e l =    . Because the initial optimum *(0)l  

violates the money creation constraint (2), the bank must reduce lending.  

Consider case 2. If the money creation constraint is binding when 0 =  , the 

optimal loan amount is equal to the loanable amount. If   increases marginally, the 

loanable amount decreases marginally and, therefore, the money creation constraint 

becomes more binding. The bank must then reduce its lending. If the money creation 

constraint is non-binding when 0 = , the optimal loan amount is smaller than the 

loanable amount (0)Ll . If   increases marginally, the loanable amount decreases 

marginally and, hence, the money creation constraint is still non-binding. The bank 

thus does not change its lending amount. 

■ 

 

In South Korea, commercial banks lend nearly as much as their customer deposits. 

According to the Financial Supervision Service, the average loan-to-deposit ratio for 

general commercial banks between 2020 and 2023 was 95%.5  Specifically, the 

annual loan-to-deposit ratios were 96% in 2021, 93% in 2022, and 94% in 2023. 

During this period, the average loan-to-deposit ratio of the four largest banks (i.e., 

Kookmin Bank, Shinhan Bank, Woori Bank and Hana Bank) was 97%. This suggests 

that the Korean banking sector aligns closely with Case 1 of Proposition 2. 

Consequently, the proposition indicates that even if the central bank introduces 

CBDC, Korean banks are unlikely to reduce lending significantly provided there are 

safeguards in place, such as caps on individual CBDC holdings or zero interest rates 

on CBDC,6 preventing large-scale deposit outflows from commercial banks to the 

central bank. 

 

 
5The source of the data is the Financial Statistics Information System operated by the Financial Supervision 

Service. The loan-to-deposit ratio is calculated for general commercial banks (i.e., Kookmin Bank, Shinhan Bank, 

Woori Bank, Hana Bank, Korea Standard Chartered Bank, Korea Citi Bank, Gyungnam Bank, Kwangju Bank, Busan 

Bank, Junbuk Bank, Jeju Bank, and Daegu Bank). State-owned banks (Industrial Bank of Korea, Korea 
Development Bank, and Korea Export-Import Bank), special banks (Nonghyup Bank and Suhyup Bank), and 

internet-based banks (Kakao Bank, K-Bank, and Toss Bank) are excluded from the calculation.    
6The real-life interest rates on demand deposit accounts offered by commercial banks are generally low, but in 

most cases, they are still above zero. 
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D. Socially Efficient Lending 

 

The society consists of the households, the entrepreneur, the commercial bank, the 

government, and the central bank. The payoffs for all agents, except for the 

government, can easily be derived.  

First, we derive the government’s payoff. If the entrepreneur fails with its 

investment at date 2, the bank goes bankrupt. As a result, patient-type households 

cannot be fully repaid their deposits. In this case, I assume the government steps in 

to rescue the depositors for several reasons. First, there is a deposit insurance scheme 

in place that will effectively cover most depositors.7 Second, the government wants 

to prevent a systemic crisis that could arise if a large number of depositors fail to 

receive their money back. Third, the depositors are a large group of taxpayers who 

can exert pressure on the government to protect them. Although a new bail-in regime 

was introduced in many advanced countries after the global financial crisis, under 

which bank creditors were expected to absorb losses, this generally applies only to 

non-deposit creditors.  

The shortfall in deposits that the government must repay on behalf of the failed 

bank is expressed as shown below. 

(7)      (1 )(1 )( ) [(1 ) (1 )( )]e l e l e l l     − − + − − − − − + =  

This occurs because the patient-type households’ total claims equal 

(1 )(1 )( )e l − − + , and the failed bank’s available cash for distribution at date 2 

equals (1 ) (1 )( )e l e l   − − − − + . Therefore, the government’s expected payoff 

is T pl− , where T  is the lump-sum tax levied on the households.  

The households’ payoff equals e T+ −   for the following reasons. First, the 

households are endowed with e  . Second, they deposit their endowments and 

receive full repayment, regardless of whether the commercial bank fails or not, as 

the government steps in to rescue the households if the bank fails. Third, the 

households are owners of the bank and thus receive the bank’s full profit,  , as a 

dividend. Fourth, the households must pay a lump-sum tax T . 

Note that both the entrepreneur and the central bank have zero payoffs. First, the 

entrepreneur repays the entire output to the bank if success ensues. Second, the 

central bank receives deposits from CBDC-type households and repays these 

deposits in full. I implicitly assume that the central bank also sets a zero net interest 

rate, similar to the commercial bank. 

Finally, the social welfare function net of the endowment is given by 

(8)      
( ) [( ) ( )]

(1 ) ( )

W e e T T pl e pl

p f l l

 



− = + − + − − = −

= − −
 

 
7 The International Association of Deposit Insurers (IADI) recommends that deposit insurers select an 

appropriate level of coverage to protect the vast majority of depositors fully (IADI, 2014). Similarly, the current 

deposit insurance limit of 50 million won in South Korea is sufficient to fully cover 98% of depositors (Jung, 2024). 
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The efficient loan amount, Wl  , that maximizes the net social welfare function 

above is given by 

(9)   (1 ) '( ) 1p f l− =  at 
Wl l=  

Note that the society wants to induce a smaller loan amount than the commercial 

bank wants to choose. By comparing equations (5) and (9), it becomes clear that the 

efficient loan amount Wl  is smaller than the unconstrained optimal loan amount Bl . 

This arises because the full benefit of risk-taking (i.e., lending) accrues to the bank, 

while the cost of risk-taking is shared between the bank and society. If the bank fails 

at date 2, the government repays the deposit shortfall, as the bank is protected by 

limited liability. Thus, the bank has an incentive to make an inefficiently large loan. 

However, this does not necessarily mean that the bank will always lend more than 

society desires. If the money creation constraint (2) is binding and tight enough, the 

bank can make only a small amount of loans. In this case, the optimal loan amount *l  

can be smaller than the efficient loan amount Wl . 

 

Lemma 2. (i) The unconstrained optimal loan amount Bl  is larger than the efficient 

loan amount Wl . (ii) The optimal loan amount *l  may or may not be larger than the 

efficient loan amount Wl . 

 

Proof. Omitted. 

 

E. Effects of CBDC on the Efficiency of Bank Lending 
 

If the central bank introduces CBDC, the commercial bank will lose some 

deposits, which will reduce its ability to make loans. However, this does not 

necessarily imply that social welfare will decrease as a result. The impact of CBDC 

on efficiency through bank lending depends on the productivity 𝛼 of the economy 

and the intensity of the money creation constraint (2). For now, suppose that the 

amount of the deposit transfer from the commercial bank to the central bank is 

marginal (i.e.,   is small). In this case, there are three scenarios to consider. 

First, suppose that the money creation constraint is non-binding, as shown in 

Figure 2(a). This case arises when the total factor productivity   is high, financial 

resources e   are abundant, or the liquidity outflow    is small (as indicated by 

equations (2) and (5)). In this case, the unconstrained optimal loan amount is smaller 

than the loanable amount and, hence, the unconstrained optimal loan amount is indeed 

the optimum, i.e., * Bl l=  . Let ( )Ll    denote the loanable amount, which is 

determined by the money creation constraint (2). If the central bank marginally takes 

deposits from the commercial bank, the loanable amount decreases marginally. 

However, the new loanable amount remains larger than the unconstrained optimal loan 

amount. Therefore, the commercial bank does not adjust its lending amount, as it still 

has sufficient resources to lend.  

Second, suppose the money creation constraint is binding and, thus, the optimal 

loan amount equals the loanable amount, i.e., 
* ( )Ll l = . This situation occurs when 
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(a) No Effect 

 

(b) Efficient Contraction 

 

(c) Inefficient Contraction 

 
FIGURE 2. EFFECTS OF CBDC ON THE EFFICIENCY OF BANK LENDING 

 

 

the total factor productivity    is low, financial resources e   are scarce, or the 

liquidity outflow   is large. Suppose additionally that the money creation constraint 

is weakly binding in the sense that the loanable amount is higher than the efficient 

amount of loans, i.e., ( )L Wl l  , as shown in Figure 2(b). In this case, the bank makes 

an excessively large amount of loans. In such a “too-much-finance” scenario, the 

introduction of CBDC into the banking system constrains bank lending, which in turn 
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improves social welfare. In other words, the introduction of CBDC leads to an efficient 

contraction.  

Third, suppose the money creation constraint is strongly binding in the sense that 

the loanable amount is not only smaller than the unconstrained optimal loan amount 

but also smaller than the efficient loan amount, i.e., * ( )L Wl l l=   , as shown in 

Figure 2(c). In this case, the bank undertakes an inefficiently small amount of lending 

due to the very tight money creation constraint. The introduction of CBDC further 

tightens the money creation constraint, worsening the economic outcome. This is an 

inefficient contraction. 

Thus far, I have considered the cases where the magnitude of the money transfer 

from the commercial bank to the central bank due to the introduction of CBDC is 

relatively small. However, if the magnitude of the money transfer is very large and 

therefore the reduction in bank lending is drastic, social welfare will decrease in all 

three cases shown in Figure 2. In the extreme case, if all households deposit 

endowments solely with the central bank (i.e., 1 = ), the loanable amount becomes 

zero. As a result, the economic outcome is always inefficient. 

 

Proposition 3. For a small amount of  , 

 

Case 1 (Non-binding MC →  Invariance) 

Suppose 
1 1 1

' (0)B Ll f l e


 
− − 

   
 

 . Then, * Bl l=   does not change 

after the introduction of CBDC.  

Case 2 (Weakly binding MC →  Efficient contraction) 

Suppose 1 11 1 1
' '

(1 )

Wl f e f
p



  
− −  −  

     
−   

 . Then, * ( )Ll l =  

decreases, but social welfare increases after the introduction of CBDC.  

Case 3 (Strongly binding MC →  Inefficient contraction) 

Suppose 1 11 1 1
' '

(1 )
e f f

p



  
− − −  

    
−   

. Then, * ( )Ll l =  decreases 

and social welfare decreases after the introduction of CBDC. 

 

 

III. Discussion 
 

Proposition 1, 2 and 3 are the main results of this paper. They show that the 

introduction of CBDC constrains the bank’s financial intermediation but does not 

necessarily lead to an efficiency loss for the economy. The welfare implications 

depend on the strength of the money creation constraint (2). If the money creation 

constraint is non-binding, CBDC does not affect social welfare (i.e., Case 1 of 

Proposition 3). If the money creation constraint is weakly binding in the sense that 

the loanable amount is smaller than the unconstrained optimal loan amount but still 

larger than the efficient loan amount, CBDC improves social welfare by curbing 
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excessive lending (i.e., Case 2 of Proposition 3). If the money creation constraint is 

strongly binding in that the loanable amount is smaller than the efficient loan amount, 

CBDC is detrimental to social welfare as it exacerbates the shortage of financial 

intermediation (i.e., Case 3 of Proposition 3).  

Then, which case best describes the Korean economy? In a sense, Case 2 may be 

a good fit for several reasons. Firstly, the liquidity coverage ratio (LCR) requirement 

is nearly binding. Under the Basel III capital accord, banks are required to hold high-

quality liquid assets, such as cash or sovereign bonds, at least as much as 100% of 

the net liquidity outflow over a one-month period. This requirement is conceptually 

similar to the money creation constraint (2) in this model, which mandates that the 

bank to maintain cash at least equal to the deposit outflow. Since 2020, this LCR 

requirement has been nearly binding for most commercial banks in South Korea. 

According to the Financial Supervision Service, the average LCR for commercial 

banks between 2020 and 2023 has been 102%. 

Secondly, South Korea is known for its high level of private credit. According to 

the Bank of International Settlements, the ratio of private credit to GDP in Korea 

stands at 206%, making it the ninth highest among 30 OECD countries and 

significantly above the OECD average of 152%.8 Many papers in the literature on 

the growth-finance nexus observe an inverse U-shaped relationship between 

economic growth and financial resources. Specifically, additional financial 

resources, often measured by the ratio of private credit to GDP, tend to have a 

negative impact on economic growth once they exceed a certain threshold. While the 

exact threshold level varies slightly in empirical studies, it is generally estimated to 

be around 80-150%, which is substantially smaller than South Korea’s current ratio 

of private credit to GDP. This empirical observation suggests that the equilibrium 

amount of bank loans could be higher than the socially efficient loan amount. 

Of course, the real world is much more complex, and it is difficult definitively to 

determine whether the Korean economy suffers from excessive lending in general. 

For example, many politicians and commentators criticize the banking sector for not 

providing enough lending to individuals with medium or low credit ratings. On the 

other hand, there is also a widespread concern that lending to households and the 

real estate sector has become excessive. Therefore, these sectors are more or less 

consistent with Case 2 of Proposition 3, where excessive lending is curbed by the 

introduction of CBDC, while other sectors may still require more lending, which 

aligns with Case 3 of Proposition 3. 

 

 

IV. Wholesale Funding 
 

In the previous section, I show that the commercial bank’s loanable amount is 

reduced if the central bank introduces a retail form of CBDC. One may then suggest 

that the bank could recover the decrease in deposit funding by increasing its 

wholesale funding. For instance, Jun and Yeo (2021) consider a setting in which 

 
8The source of the data is the Credit to Non-financial Sector Database provided by the Bank of International 

Settlements. Luxembourg is excluded from the calculation of the OECD average because it is a small city-state. 



54 KDI Journal of Economic Policy MAY 2026 

banks can react to a reduction in demand deposits by increasing wholesale funding. 

Also, Whited et al. (2023) find that a one-dollar increase in CBDC reduces bank 

deposits by 80 cents but that bank lending decreases only by 20 cents as banks 

increase their wholesale funding. However, existing studies do not consider the 

phenomenon of bank money creation. Below I shall examine whether banks 

substitute deposits by wholesale funding when CBDC is introduced and whether and 

how this substitutability depends on bank money creation. 

Let b  denote the amount of borrowing from non-deposit investors and r  denote 

the net interest rate on this wholesale borrowing. In this case, the commercial bank’s 

money creation constraint (1) changes to 

(10)      (1 )( ) (1 )e l e l b   − +  − − +  

By rewriting the money creation constraint above, one can derive a new loanable 

amount ( , )Ll b  as follows: 

(11)       
(1 )(1 )

( , )
(1 )

Le b
l l b

 


  

− − +
 

+ −
 

If the entrepreneur succeeds and repays the loan, the bank is able to repay the principal 

and interest of the wholesale borrowing, which is (1 )r b+ . However, if the entrepreneur 

fails and does not repay the loan, the bank goes bankrupt and can only repay the 

wholesale lenders the remaining amount of cash (1 ) (1 )( )e l b e l   + − + − − +  . 

The bank’s profit function is then given by (1 )[ ( ) ]p f l l rb− − − , as shown in the 

following lemma:  

 

Lemma 3. The commercial bank’s expected profit    at date 0 with wholesale 

borrowing b  is given by 

(12)     (1 )[ ( ) ]p f l l rb = − − −  

Proof. 

   

[(1 ) ] (1 )( )

(1 )[ ( ) (1 )(1 )( ) (1 ) ]

[(1 ) (1 )( )]

(1 )[ ( ) ] (1 )(1 ) ( 1)

(1 )[ ( ) ]

e l b e l

p f l e l r b

p e l b e l

p f l l b p r b pb by Lemma

p f l l rb

    

  

   





= − − + − − +

+ − − − − + − +

− − − + − − +

= − − + − − + −

= − − −

 

■ 
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FIGURE 3. OPTIMAL WHOLESALE BORROWING BEFORE THE INTRODUCTION OF CBDC 

 

 

As a benchmark, consider the case where there is no CBDC; i.e., 0 = . In 

t h i s  case, the loanable amount without any wholesale borrowing is 

(1 )
( 0, 0)Ll b e






−
= = =  , according to equation (11). For the following analysis, 

suppose that this loanable amount is smaller than the unconstrained optimal loan 

amount, i.e., 
(1 ) Be l





−
 . In this case, the commercial bank may consider borrowing 

from wholesale lenders (see Figure 3). Given that wholesale borrowing is costly, the 

bank will borrow only as much as necessary to meet the required loan amount. That 

is, the money creation constraint (10) becomes binding, and the bank borrows 

( )b e l e= + − . In this case, Lemma 2 implies that the bank’s profit function is given 

by 

(13)      (1 )[ ( ) (1 ) ]p f l l r l r e  − − − + −  

Note that the first derivative of the terms in bracket represents the difference 

between the rate of return on lending and the cost of capital for wholesale borrowing. 

The bank will choose an optimal amount of wholesale borrowing by comparing the 

rate of return with the cost of capital. The rate of return on lending at the loanable 

amount with zero wholesale borrowing equals [ '( (0,0)) 1]Lf l − , and the effective 

cost of capital of wholesale borrowing is r . If the rate of return is smaller than the 

effective cost of capital, the bank will not borrow at all in the wholesale borrowing 

market. Conversely, if the rate of return exceeds the cost of capital, the bank will 

borrow an optimal amount 
*b  , at which the rate of return on lending equals the 

effective cost of capital. This optimal amount of borrowing is characterized by the 

equation below (14). Note that the optimal loan amount equals *(0, )Ll b , which is 

the loanable amount with the optimal amount of borrowing. 
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(14)        
*[ '( ) 1] (0, )Lf l r at l l b − = =  

It is important to note that the effective cost of capital, r , is smaller than the 

actual cost of capital, r . This difference arises because the commercial bank creates 

money by making loans. If the bank did not create money, its loanable amount would 

simply be the sum of the unwithdrawn cash deposits and the wholesale borrowing 

amount, (1 )e b− + . In this case, for each unit of wholesale borrowing, the bank 

could make exactly one unit of loans. Therefore, the marginal cost of lending equals 

the actual cost of capital for wholesale borrowing r . 

However, when the bank creates money, it can make more than one unit of loans 

for each unit of wholesale borrowing. For instance, suppose the bank increases 

borrowing by $1. If the bank subsequently increases lending by $1, this act will 

increase the deposit balance of the entrepreneur by $1. The entrepreneur then 

transfers this new money to households to buy labor. Households withdraw only $  

of this newly created deposit, as patient-type households do not withdraw. 

Consequently, the bank can use the remaining portion, $(1 )− , to increase its loans 

further. This is why the effective cost of capital of wholesale borrowing is r  , 

which is smaller than the actual cost of capital r . 

This is one of the reasons why commercial banks are special as opposed to non-

bank financial institutions or nonfinancial companies. Non-bank entities must bear 

the full cost of capital because they do not create money. Only commercial banks 

benefit from the reduced effective cost of capital due to their unique power of money 

creation. Moreover, this effective cost of capital is smaller when bank deposits are 

stickier, i.e., when   is smaller. 

Suppose the central bank introduces a retail type of CBDC and that as a result, 

some bank deposits are transferred to the central bank; i.e., 0  . For expositional 

simplicity, assume that the magnitude of money transfer is small, i.e.,    is 

small. Then, according to Proposition 1, the loanable amount *( , )Ll b  or the 

given amount of wholesale borrowing *b  decreases (see Figure 4). Some readers 

may suggest that the commercial bank will recover this decrease in deposit funding 

by increasing wholesale borrowing. The bank will do so if the effective cost of capital 

does not change after the introduction of CBDC. If the cost of capital were still r  

even with CBDC, the bank would indeed increase the amount of wholesale 

borrowing until the rate of return on lending [ '( ( , )) 1]Lf l b  − , equals the cost of 

capital r . At this point, the optimal loan amount would be identical to the optimal 

loan amount without CBDC, *(0, )Ll b . 

However, the effective cost of capital is no longer r  . Instead, it becomes 

[ (1 ) ]r   + − . Without CBDC, for each additional unit of lending and corresponding 

unit of created deposits, households withdraw only   units of deposits. As a result, 

the bank can make an additional loan of (1 )− . In contrast, with CBDC, for each 

additional unit of lending and the corresponding new deposits, CBDC-type households 

will withdraw   units, while bank-type-impatient households withdraw (1 ) − . 

Hence, the additional lending that the bank can undertake is reduced to 

(1 (1 ) )  − − −  . In other words, the bank’s power to make loans by raising 

wholesale borrowing is reduced. The new optimal loan amount is characterized by  
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FIGURE 4. OPTIMAL WHOLESALE BORROWING AFTER THE INTRODUCTION OF CBDC 

 

 

the following equation:  

(15)   
**[ '( ) 1] [ (1 ) ] ( , )Lf l r at l l b    − = + − =  

Equations (14) and (15) imply that the new optimal loan amount with CBDC, 
**( , )Ll b , is smaller than the existing optimal loan amount without CBDC, *(0, )Ll b , 

as the introduction of CBDC increases the effective cost of capital while leaving the 

rate of return on lending unchanged. 

This result is related to, but distinct from, those in earlier studies. Whited et al. 

(2023) assume that the wholesale cost of capital increases with the volume of 

wholesale funding. Under this assumption, when banks replace lost deposit funding 

with additional wholesale funding, the wholesale cost of capital rises, preventing 

banks from fully offsetting the deposit shortfall and thereby reducing lending. If the 

wholesale funding cost is instead fixed, their framework implies that banks can 

largely compensate for the loss of deposits. 

In contrast, this paper finds that even when the wholesale funding cost is fixed, 

the volume of loans declines because the introduction of CBDC directly weakens 

banks’ money-creation capacity. Recall that although the wholesale interest rate r  

is fixed in this model, the effective cost of capital rises as CBDC adoption expands. 

Jun and Yeo (2021) conclude that the introduction of CBDC does not significantly 

affect bank lending. In their setting, banks benefit from reduced liquidity-handling 

costs due to CBDC—an effect that pushes lending up—yet simultaneously face 

higher wholesale funding rates, which push lending down. However, this paper 

shows that even when liquidity-handling costs fall, bank lending will decline as long 

as CBDC reduces the banks’ inherent ability to create money. 

Thus far, I have considered the case in which the effective cost of capital is not 

prohibitively high such that the commercial bank borrows a non-zero amount from 

wholesale lenders. In other words, I implicitly assume that the rate of return on 
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lending at the loanable amount without wholesale borrowing is higher than the 

effective cost of capital, regardless of whether the central bank introduces CBDC. 

Specifically, I assume the following two conditions:  

(i) [ '( ( ,0)) 1] [ (1 ) ]Lf l r    −  + −  and (ii) [ '( (0,0)) 1]Lf l r −  . 

Even if these assumptions are not realized, it can easily be shown that the loanable 

amount decreases due to the introduction of CBDC. I will omit the proof, but the 

intuition behind this result is as follows: if one (or both) of these assumptions are not 

satisfied, wholesale borrowing is then prohibitively costly. In this case, the 

commercial bank would not find it optimal to recover the decrease in deposit funding 

through such an expensive alternative source of funding. Consequently, the bank 

would not increase wholesale borrowing, and the loanable amount would decrease 

as a result of the introduction of CBDC.  

 

 

V. Pass-Through Lending 
 

Under the existence of a retail form of CBDC, the central bank directly takes 

deposits from households. The central bank may choose to hold the cash deposits in 

its vaults as reserves. However, alternatively, the central bank may opt to give loans 

to commercial banks based on the cash deposits, a process known as pass-through 

lending. By doing so, the central bank provides additional funds to commercial 

banks, which may then use these funds to extend loans to nonbank borrowers. 

Brunnermeier and Niepelt (2019) and Fernández-Villaverde et al. (2021) demonstrate 

that, under the assumption that banks do not create money, economic outcomes 

remain unchanged after the introduction of CBDC if the central bank provides pass-

through lending. However, this equivalence result may change when considering the 

reality of fountain pen money creation. Below we examine the effect of CBDC with 

pass-through lending on bank lending, specifically in the context where banks create 

money.  

The central bank receives ( )e l +  as cash deposits from CBDC-type households 

at date 0, and CBDC-type impatient households withdraw cash as much as ( )e l +  

at date 1. Thus, the central bank can provide pass-through loans up to the amount of 

(1 ) ( )e l − +  at date 0. Here, I implicitly assume that the central bank satisfies a 

money creation constraint, with its capacity to make pass-through loans limited to the 

cash deposits. In the real world, central banks have the ability to print money, meaning 

that there is no limit on the capacity of liquidity provision. However, central banks 

rarely provide loans by printing money, as their primary mission is to maintain price 

stability. Only in exceptional cases, such as during financial crises, do central banks 

provide an unlimited amount of loans to stabilize the financial system. In this paper, I 

do not consider such rare instances where the central bank’s role as the lender of last 

resort is required.  

The central bank’s lending capacity is constrained further by its concerns about 

credit risks. If the central bank makes a loan to the commercial bank and the 

commercial bank is unable to repay, the central bank incurs a loss. Such a loss not 

only imposes a financial burden but also creates a political burden, as both price 
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stability and financial stability could be negatively impacted. In this case, the 

government may need to provide bailout funds to the central bank, which could lead 

to political controversies. Consequently, it is reasonable to assume that the central 

bank would be reluctant to provide pass-through loans to the commercial bank.  

Let [0,1]  be a measure of the central bank’s willingness to make a loan to the 

commercial bank. Therefore, the central bank can offer pass-through loans up to 

(1 ) ( )e l  − +  . Additionally, suppose that the interest rate on these pass-through 

loans is identical to the interest rate on the commercial bank’s deposits. In this case, 

the central bank would merely act as an intermediary, passing funds from households 

to the commercial bank without earning an interest margin.  

Given the possibility of receiving pass-through loans, the commercial bank’s money 

creation constraint changes to 

(16)  (1 )( ) (1 ) (1 ) ( )e l e l e l      − +  − − + − +  

By rewriting the new money creation constraint above, the new loanable amount 
LPl  is as expressed as 

(17)  

(1 ) (1 )
1

[(1 ) ]
(1 ) (1 )

[New augmentation factor] [Cash deposits]

LPl l e


  




     

 
− + − −

   − 
+ − − − 

  

= 

 

By comparing equations (2) and (17), it is clear that the commercial bank’s 

loanable amount increases due to the central bank’s pass-through loans. However, 

the magnitude of this increase in loanable amount depends on  , which represents 

the central bank’s willingness to make pass-through loans. If 0 = , the central bank 

does not provide any pass-through loans and the loanable amount therefore does not 

increase at all. If 1 =  , the central bank fully passes through the deposits from 

households to the commercial bank, meaning that the loanable amount becomes  

1
e





− 
 
 

, which is the loanable amount in the absence of CBDC. 

This paper generalizes Brunnermeier and Niepelt (2019) and Fernández-

Villaverde et al. (2021), as their equivalence results hold even under the realistic 

framework where banks create money by making loans. However, this paper is 

different from these studies as it shows that the equivalence result holds only if 

central banks fully pass through lending. If central banks withhold a tiny little part 

of central bank deposits, allocation can change. In addition, this paper shows that 

with less pass-through lending, the loanable amount becomes smaller. Earlier studies 

do not find such a continuous relationship between the amount of pass-through 

lending and the loanable amount. Because central banks in real life cannot fully 
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transfer deposits to commercial banks ( 1  ), the equivalence result does not hold in 

general. 

 

 

VI. Concluding Remarks 
 

Central bank digital currency (CBDC) is a type of crypto-currency issued by a 

central bank. A key concern on CBDC is the potential negative impact on banks’ 

deposit-taking activities. If a retail type of CBDC is introduced, some individuals 

may choose to deposit their money with the central bank as opposed to commercial 

banks, as the central bank is generally perceived as more trustworthy. This raises the 

concern than commercial banks may be forced to reduce their lending due to the loss 

of some deposits. 

This concern stems from the common belief that banks lend out of deposits. 

However, in reality, banks lend “out of nothing” by creating deposit money. Tobin 

(1963) refers to this as ‘fountain pen money.’ In some cases, banks may even lend 

more than the amount they receive in deposits. Therefore, even if the introduction of 

retail CBDC leads to a decrease in bank deposits, banks may respond by increasing 

their money creation and lending activities. If this is the case, the relationship 

between CBDC and bank lending becomes unclear: bank lending may not 

necessarily decrease with the introduction of CBDC, or if it does, the reduction may 

not be as large as the amount of money that moves from banks to the central bank. 

By examining a model of fountain pen money creation in the context of CBDC, I 

derive the following main results. First, the loanable amount is determined by both 

cash deposits and an augmentation factor. This factor can be greater than or less than 

1, depending on relevant underlying parameters. The augmentation factor will be 

greater than 1 if the proportion of depositors who withdraw early, or those who 

transfer their deposits from commercial banks to the central bank, is sufficiently 

small.  

Second, the introduction of CBDC leads to a reduction in loanable amounts as 

some deposits shift to the central bank. However, the extent of this reduction can be 

greater than, smaller than, or equal to the decrease in deposits. If the augmentation 

factor is small, the decrease in loanable amounts is smaller than the decrease in 

deposits. Conversely, if the augmentation factor is large, loanable amounts will be 

larger than the decrease in deposits. 

Third, CBDC may or may not reduce actual loan amounts, not the loanable 

amount. According to the mistaken belief that banks lend out of cash deposits, if 

banks are constrained by deposit funding and lend up to the level of deposits, CBDC 

would reduce bank lending as deposits decrease. However, in the actual scenario of 

fountain pen money creation, banks will continue to lend the same amount even after 

the introduction of CBDC, provided that bank lending without CBDC is more or less 

identical to deposits. In South Korea, for example, commercial banks lend nearly as 

much as they receive in deposits. Therefore, this paper suggests that bank lending 

will not decrease significantly with the introduction of CBDC.  

Fourth, social welfare may increase, decrease, or remain unchanged after the 

introduction of CBDC. If the money creation constraint is non-binding in the absence 

of CBDC, bank lending remains unchanged, and social welfare remains invariant, 
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provided that the transfer of funds is marginal. If the money creation constraint is 

weakly binding in the sense that the loanable amount is smaller than banks’ optimal 

loan amounts but greater than the socially efficient loan amount, then the 

introduction of CBDC reduces bank lending, while social welfare increases as the 

problem of excessive lending is alleviated. Conversely, if the money creation 

constraint is strongly binding in the sense that the loanable amount is smaller than 

both the banks’ optimal loan amount and the socially efficient loan amount, CBDC 

reduces social welfare. 

In this paper, I assume that CBDC is a non-interest-bearing currency and that there 

is no limit on the amount of CBDC that an individual can hold. I believe this 

assumption is fair enough, as CBDC is a type of cash which does not typically pay 

interest. However, the central bank may consider the interest rate and a limit on 

CBDC as policy tools. If the money creation constraint is non-binding or weakly 

binding and, hence, the economy suffers from an overinvestment problem, the 

central bank may choose a positive interest rate and impose no limit on CBDC 

holdings in order to magnify the contractionary effect of CBDC. In contrast, if the 

money creation constraint is strongly binding and thus the economy faces an 

underinvestment problem, the central bank may lower the interest rate to a negative 

level or impose a tight limit on CBDC holdings in order to discourage depositors 

from choosing CBDC.  
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The Effects of Parental Competitive Pressure on 
Private Education Investment 

By SUNGMIN HAN AND SEUNGJOO HAN* 

In South Korea, education serves as a critical engine for social mobility, 

where academic credentials from prestigious universities function as a 

decisive factor in shaping career trajectories and earning potential. 

This dynamic has fostered intense educational fervor and led to the 

proliferation of a massive private education market. This study 

empirically examines the relationship between parental competitive 

pressure – defined as a synthesis of achievement expectations and 

anxiety – and investment in private education within a highly competitive 

educational environment. The analysis shows that private education 

expenditures are positively associated with parental competitive 

pressure. Notably, this increase occurs primarily through greater 

spending rather than an increase in total tutoring hours. This pattern 

suggests that, given children’s time constraints, highly pressured 

parents strategically prioritize quality over quantity. Furthermore, the 

effect varies across family backgrounds, indicating that reliance on 

private education reflects the interplay between socio-structural factors 

and household resources, thereby reproducing intergenerational 

educational inequality. Overall, it was found that dependence on private 

education is a structural phenomenon amplified by status competition 

within a success-oriented society. Consequently, policy interventions 

should shift away from superficial regulations and focus on addressing 

the fundamental socioeconomic drivers of parental competitive pressure. 

Key Word: Parental Competitive Pressure,  

Private Education Investment, Number of Academies, 

Private Tutoring Time, Private Tutoring Expenditure 

JEL Code: I21, I24 

 

 
* Sungmin Han: Senior Fellow, Korea Development Institute (E-mail: smhan@kdi.re.kr), Seungjoo Han: 

Senior Research Associate, Korea Development Institute (E-mail: seungjoohan@kdi.re.kr). 

* Received: 2026. 2. 8. 
* Referee Process Started: 2026. 2. 10. 

* Referee Reports Completed: 2026. 4. 1. 



64 KDI Journal of Economic Policy MAY 2026 

 

 I. Introduction 

 

ducation in South Korea has long been the primary mechanism for social 

mobility, directly influencing an individual’s career success and social standing. 

Through the era of rapid economic growth and modernization, the reputation of elite 

universities solidified as a core asset that determines long-term earnings and 

professional pathways. This dynamic has driven an overheated competitive 

environment, where the pursuit of academic excellence is viewed as a strategic 

investment. As a result, educational competition has spilled over into the private 

sector, fostering a massive private education market that is virtually unparalleled in 

its global magnitude. 

As shown in Figure 1, total expenditures on private education initially rose from 

20.0 trillion KRW in 2007 to 22.0 trillion KRW in 2009. A period of marginal decline 

followed until 2015, largely attributed to government-led policy interventions 

designed to bolster public education. Since 2015, however, the trend has shifted back 

to a consistent increase, with a particularly sharp acceleration post-2021, culminating 

in 29.2 trillion KRW by 2024. The average monthly per capita expenditure nearly 

doubled during this period, rising from 227,000 KRW in 2007 to 442,000 KRW in 

2024. These figures highlight the expanding scale of the private tutoring market and 

its role as a significant driver of the rising educational cost burden on households. 

Differences in private education investment serve as a critical channel for social 

stratification. The National Statistical Office (2024) reports that both household 

 

 

 
FIGURE 1. TRENDS IN PRIVATE EDUCATION EXPENDITURES SINCE 2007 

Note: Data are from National Statistical Office on Private Education Expenditure Survey. Expenditures are adjusted 

using the price index (base year: 2020 = 100) and are expressed in trillion KRW). 

E 
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FIGURE 2. PERCEPTIONS OF PRIVATE EDUCATION AND CORRESPONDING DRIVERS OF EXPANSION 

Source: Korea Development Institute, Survey on Public Perceptions of Demographic Change, 2025. 

 

 

income and parental education levels are significant predictors of the quantity of 

private education received. When considering qualitative aspects, high-SES 

(socioeconomic status) households possess a comparative advantage in accessing 

high-value educational services, leading to superior academic outcomes and a higher 

likelihood of securing admission to prestigious universities. This suggests that 

educational inequality based on family background can be reproduced through the 

private education market.  

The widespread dependence on private education, despite its societal costs, can be 

explained by the incentive structures within Korean society. A KDI survey (2025) 

reveals that a vast majority of the public perceives private education as a necessary 

safeguard against falling behind in an increasingly competitive environment. 

Respondents identified excessive academic elitism as the primary driver behind the 

expansion of private education. Notably, the fact that a vast majority of respondents 

across their 20s through their 40s share similar perceptions is significant. This 

suggests that the ‘private education fever’ is not merely a matter of individual 

parental enthusiasm or personal desire for their children’s success but a structural 

issue permeating society as a whole. This phenomenon can be interpreted as a 

survival strategy that the parental generation has learned firsthand through their 

experiences in a highly competitive society. It stems from a deeply ingrained, chain-

like pressure centered on academic background: the belief that one must attend a 

prestigious university to secure a good job, which requires entering a top-tier high 

school, and ultimately, starting exam preparation earlier than others. 

Of course, academic competition is not a phenomenon unique to South Korean 

society. Theoretically, education possesses a structural universality as a means of 

competing for social status. According to Collins’ status competition theory (1979), 

as academic credentials are perceived as a tool for securing social standing, society 

becomes plagued by ‘diploma disease’ - a phenomenon in which individuals strive 

to obtain degrees regardless of their actual job requirements. Furthermore, as the 

relative value of a degree becomes more significant than the actual acquisition of 

knowledge, individuals incessantly pursue higher levels of education to secure 

superior credentials over others. This process leads to ‘credential inflation’, where 
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the level of education required to attain the same social status steadily rises. 

Consequently, rather than expanding opportunities for social mobility, this 

phenomenon results in intensified competition. 

In addition to its role in status competition, private education functions as a 

positional good, through which individuals increase consumption to distinguish 

themselves from others. Because positional goods are inherently defined by relative 

ranking, individuals tend to allocate a larger share of their resources to these goods 

to secure a competitive advantage. Given South Korea’s socio-economic landscape 

- where the reputation of one’s university and major serves as a critical benchmark 

for social status - the absolute scarcity of elite university seats and high-tier jobs 

provides a rational basis for households to expand their private education 

expenditures. In such an environment, competitive waste - the redundant allocation 

of resources to obtain limited gains - becomes particularly pronounced. Ultimately, 

this hyper-competitive climate exerts significant pressure on parents to secure their 

children’s future competitiveness, serving as a key driver that pushes children into 

the private education market at increasingly earlier ages. 

Accordingly, this study analyzes the issue of private education from the 

perspective of status competition rooted in socio-structural dynamics. While studies 

thus far have primarily focused on the correlation between participation in private 

education and academic achievement and/or the disparities in expenditures across 

income levels, there has been a relative lack of integrated research on the structural 

mechanisms that trigger and reproduce this dependence. To address these limitations, 

this study empirically investigates whether parental competitive pressure is 

associated with private education investment. For our empirical measures of private 

education dependence, we employ measures of private education investment, in this 

case the number of private academies, participation time, and spending, to determine 

its expansion. 

The remainder of this paper is organized as follows. Chapter 2 reviews the existing 

literature on the effects of private education. Chapter 3 diagnoses the current 

competitive environment in South Korea. Chapter 4 presents the empirical 

framework for analyzing the impact of parental competitive pressure on private 

education investment. Chapter 5 discusses the results of the analysis, and Chapter 6 

concludes with policy implications for mitigating the structural dependence on 

private education. 

 

 

II. Existing Literature 
 

In South Korea, private education has evolved to play a role in complementing 

public education. It has become an indispensable component within a competitive 

college entrance system. As the significance of higher education intersects with the 

hierarchical stratification of universities, parents increasingly rely on private 

education to enhance their children’s academic achievement and admission 

prospects. Consequently, private education has expanded beyond simple remedial 

learning into a pervasive structural phenomenon. 

Internationally, private education has been introduced through the concept of 

‘shadow education’ (Bray, 2014). It exists alongside the formal education system, 



VOL. 48 NO. 2 The Effects of Parental Competitive Pressure on Private Education Investment 67 

taking on a character that either mirrors the progress and content of regular classes 

or precedes them. While some studies highlight the positive impact of private 

education on academic performance, others emphasize that disparate access based 

on economic conditions exacerbates the educational gap. This influence is 

particularly pronounced in countries characterized by high-stakes testing systems, 

such as university entrance examinations. 

However, the relationship between private education participation and academic 

achievement varies by region. Analyses utilizing OECD PISA data reveal a strong 

positive correlation in East Asian countries, whereas the effect in Western contexts 

is often marginal or statistically insignificant (Karakus et al., 2024). This suggests 

that the efficacy of private education is mediated by the nature of the educational 

system, the stakes of examinations, and the broader socioeconomic environment. 

Domestic literature indicates that while private education may yield gains in 

subjects such as mathematics and English, these effects are not uniformly distributed 

across all students. Park and Kim (2022) examined a large-scale longitudinal sample 

of 2,376 students from the Gyeonggi Education Panel Study (GEPS, 2012). To 

address limitations such as endogeneity and sample representativeness, they 

conducted a non-parametric mobility analysis of academic grades. Their findings 

revealed positive effects for mathematics at the elementary level, suggesting a need 

for intensive public school support during this period to mitigate the private 

education burden. 

Kang and Park (2015) conducted a comparative analysis between private 

education and self-directed learning, finding that as students progress to higher 

school levels, the effectiveness of self-directed learning increases while that of 

private education diminishes. Specifically, in middle school, self-directed learning 

outperformed private education. In high school, only self-directed learning showed 

a statistically significant impact on academic improvement. These results 

empirically underscore the relative inefficiency of private education compared to 

self-directed efforts. This aligns with Silva’s (2021) critique of the Korean university 

entrance system’s heavy reliance on test scores, pointing out that students are making 

inefficient investments in private education. 

Further research argues that the outcomes of private education are heavily 

dependent upon one’s socioeconomic background - specifically parental educational 

fervor, income, and attainment (Yu and Park, 2015). Using hierarchical regression 

and path analysis, Cha and Oh (2012) found that high-SES parents share high 

educational aspirations for their children, which serves as a core determinant of 

student engagement and achievement. Surprisingly, their analysis showed that the 

efficacy of public education was highest, while private education was less efficient 

than self-directed learning. Additionally, Lee (2009) found that households with 

higher income/assets and lower debt had higher private education expenditures, a 

trend particularly sensitive to debt levels among middle-income groups. Other studies 

(Sung and Hong, 2008) confirmed that higher maternal education and an urban 

residence correlate with increased private education investment. Kim et al. (2019) 

characterized private education as a normal good, noting that even low-income 

households bear a disproportionately high financial burden relative to their income. 

Regional disparities also persist, with higher participation rates in metropolitan 

areas (Lim et al., 2017). The density of private academies and the proportion of 
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highly educated residents in a region significantly increase the probability of 

participation. Conversely, Park and Hwang (2018) found that while the effect of 

private education did not vary significantly by region, the tutored group in their study 

consistently outperformed the non-tutored group by 0.3 grades in elementary school 

and 0.564 grades in middle school. 

Regarding long-term effects, Lee et al. (2016) demonstrated that while high school 

tutoring improves short-term outcomes such as CSAT scores, it has no statistically 

significant impact on long-term labor market outcomes, such as initial wages. This 

suggests that private tutoring is a short-term investment focused on university 

admission rather than long-term human capital accumulation, indicating that its 

value may be socially overestimated. Recent studies of early childhood education 

also highlight negative externalities. While arts and physical education may aid 

social development, excessive academic tutoring increases stress and causes 

behavioral issues in young children (Kim et al., 2024). 

In summary, existing literature has predominantly focused on describing the 

outcomes and inequalities associated with private education. There remains a relative 

scarcity of integrated, in-depth research on the fundamental socio-institutional 

structural mechanisms that trigger and reproduce private education dependence. This 

study contributes to the literature in two ways. First, it provides new empirical 

evidence using the latest wave of the Panel Study on Korean Children (PSKC Wave 

15, 2022) to examine how parental competitive pressure is associated with private 

education investment. Second, it reconceptualizes private education dependence not 

merely as a matter of individual choice but as a structurally entrenched phenomenon 

shaped by competitive pressure and household resources. 
 

 

III. Competitive Environment in South Korea 
 

This chapter explores the competitive environment of the South Korean labor 

market while also considering the possibility that this environment is linked to the 

race for college entrance. The fundamental driver of the excessive educational 

competition in Korea likely stems from the extremely narrow and restrictive 

pathways to social and professional success. 

To investigate this, we examine the competitive landscape of the South Korean 

labor market. Utilizing Census on Establishments data from the National Statistical 

Office and data related to university entrance, we conduct an in-depth examination 

of how the narrow gate to what is considered to be decent jobs and prestigious 

universities intensifies excessive competition across society. 

Data from The National Statistical Office (2025) clearly illustrates the scarcity of 

high-quality employment, typically defined as positions within large enterprises (300 

or more employees). Out of approximately 25.45 million total employees, those in 

large enterprises account for only 15.4% (about 3.91 million) (see Table 1). This 

disparity implies a structural environment in which a vast majority of job seekers 

must compete for an exceptionally limited number of high-quality positions. 

The scarcity of high-quality employment is further exacerbated by its extreme 

geographical concentration. Of the 3.91 million employees in large enterprises, 

60.7% (approximately 2.37 million) are concentrated in the Seoul Metropolitan Area  
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TABLE 1— DISTRIBUTION OF ESTABLISHMENTS AND EMPLOYEES BY REGION AND FIRM SIZE (2023) 

Region Industry 
Firm Size  

(Number of Employees) 

2023 

Number of Establishments Number of Employees 

Nationwide All industries 300 - 499 2,288 863,205 
  500 - 999 1,438 992,679 
  1,000 or more 894 2,053,017 

Seoul All industries 300 - 499 777 293,840 
  500 - 999 470 322,729 
  1,000 or more 364 789,372 

Incheon All industries 300 - 499 84 31,529 
  500 - 999 64 44,065 
  1,000 or more 48 102,934 

Gyeonggi All industries 300 - 499 437 165,271 
  500 - 999 272 183,495 
  1,000 or more 144 437,968 

Nationwide All industries Total 6,246,489 25,445,897 

Source: National Statistical Office, Census on Establishments, 2025. 

 
 

(SMA), accounting for only 9.3% of the total national workforce. Specifically, large 

enterprise employees in Seoul number approximately 1.41 million, representing a 

mere 5.5% of the total workforce. Consequently, the fact that only 5.5% of all 

workers nationwide hold jobs in large firms within Seoul underscores a fundamental 

structural deficit. The supply of preferred employment is not only insufficient but 

also geographically clustered, fueling intense nationwide competition. This labor 

market structure is associated with increased spending on private education and 

heightened competition for university entrance. 

In this hyper-competitive labor market, individuals strive to establish a robust 

market signal to communicate the quality of their human capital most effectively. In 

South Korean society, admission to a top-tier university serves as the most credible 

and decisive signal. Thus, competition to secure high-quality jobs often translates 

into competition for elite university entrance. 

Based on an analysis of the 444,870 applicants for the 2024 College Scholastic 

Ability Test (CSAT), the gateway to top-tier universities is exceedingly narrow. The 

total enrollment capacity of the top ten universities is 31,990, representing only 7.2% 

of the applicant pool. This figure drops to 2.5% when restricted to the ‘SKY’ 

universities (the top three schools). Even when including highly sought-after medical 

and professional tracks (medicine, pharmacy, dentistry, oriental medicine, and 

veterinary medicine), the ratios remain at 8.7% for the top ten universities and 3.9% 

for the top three. These statistics vividly illustrate the severity of the admissions race, 

positioning elite university entrance as the practical starting point for high-tier labor 

market competition. 

This fierce competition for top-tier universities is also associated with a race for 

admission to prestigious high schools. As evidenced by the admissions data for 

higher-ranked institutions, the type of high school attended serves as a significant 

determinant of success.  

As shown in Figure 3, the proportion of students from specialized-purpose high 

schools increases significantly as university rankings rise. In particular, students 
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FIGURE 3. HIGH SCHOOL BACKGROUND OF UNIVERSITY FRESHMEN:  

GENERAL VS. SPECIALIZED HIGH SCHOOLS 

Note: Author’s calculations based on the Higher Education in School Information Disclosure System. 

 
 

from these specialized schools constitute 40.2% of the incoming class at ‘SKY’ 

universities, a markedly higher percentage than at other institutions. Conversely, the 

proportion of graduates from general high schools diminishes at higher-ranked 

universities, standing at only 55.4% for the ‘SKY’ group. This hierarchy confirms a 

sequential sorting process, where the pressure to secure a competitive edge begins 

well before the university level.  

Figure 3 inevitably reinforces the perception that admission to specialized-

purpose high schools provides a significant comparative advantage for entry into 

elite universities. Consequently, the starting point of educational competition has 

shifted down to the elementary and lower secondary levels, preceding the high 

school admissions process. This shift triggers an overheated private education 

market aimed specifically at high school entrance exams. Such a phenomenon 

indicates a structural problem where competition is exacerbated through accelerated 

learning and hierarchical entry barriers. 

In South Korean society, the pathways to success - defined by high-quality jobs 

and prestigious universities - are extremely restrictive. The stark contrast between 

the 10% probability of securing top-tier employment and the 4% probability of elite 

university admission underscores these structural constraints. These limited 

opportunities create systemic barriers that are difficult to surmount through 

individual effort alone, forcing all participants into an excessive race to pass through 

an exceptionally narrow gate. This competitive pressure, originating in adolescent 

entrance exams and extending through higher education into the labor market, may 

contribute to heightened aggregate competition across society. 

Ultimately, South Korean society faces profound structural issues characterized 

by disproportionate competition for a few successful pathways and an imbalance of 

opportunity. Within this entrenched competitive environment and its restrictive 

success routes, the behavior of individuals seeking a competitive advantage at an 

increasingly earlier age must be understood as a rational choice and a survival 

strategy. Also in this context, the massive expenditures on private education and the 

intensification of early-stage competition may be interpreted as outcomes associated 

with this structural disequilibrium. 
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IV. Empirical Analysis 
 

A. Overview 
 

This study empirically analyzes the direct impact of parental competitive pressure 

- engendered by socio-structural factors such as credentialism and a restrictive labor 

market - on the decisions and scale of private education investment. Ultimately, this 

study aims to identify whether the root causes of private education reliance lie in 

socio-structural issues and the resulting competitive pressure on parents, thereby 

contributing to the search for fundamental policy directions to resolve the private 

education problem. 

More specifically, parental competitive pressure transcends direct efforts for 

academic improvement. It encompasses the psychological anxiety derived from a 

hyper-competitive admissions environment. This pressure refers to the psychological 

and behavioral influence parents exert, both directly and indirectly, to ensure their 

children achieve academic or social success. In a broader sense, it can be 

conceptualized as relative status competition pressure, aimed at the maintenance or 

upward trajectory of social standing. 

This pressure is amplified when parents impose unrealistic goals - such as top-tier 

grades, elite university admission, and stable professional careers - based solely on 

societal standards, often disregarding the child’s innate abilities or interests. Such 

pressure manifests as the setting of excessive expectations and the implementation 

of intrusive monitoring or managerial behaviors. However, the exercise of such 

excessive pressure may ultimately yield negative externalities, including the erosion 

of the child’s intrinsic motivation and the induction of high levels of academic stress 

and anxiety. 

In this section, we empirically investigate the mechanism through which the latent 

motive of parental competitive pressure is converted into the external instrument of 

private education, thereby identifying the essential drivers of private education 

dependence. To this end, the hypotheses of this study are as follows: 

 

Hypothesis 1. As parental competitive pressure increases, the scale of investment 

in private education will significantly increase. 

 

Hypothesis 2. The impact of parental competitive pressure on private education 

investment varies significantly according to household socioeconomic background. 

 

B. Data 
 

1. Panel Study on Korean Children (PSKC) 

 

This study utilizes data from the Panel Study on Korean Children (PSKC), a 

comprehensive longitudinal survey designed to track the growth, development, and 

environmental factors influencing children in South Korea. Initiated in 2008 (Wave 

1), the PSKC has released data up to its 15th wave (2022). For the empirical analysis,  
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TABLE 2— MEASUREMENT OF PARENTAL COMPETITIVE PRESSURE 

Item Survey item 

Likert scale 
Strongly disagree ↔ Strongly agree 

①↔⑤ 

1 
My parents say that studying hard is necessary to become a 

successful person. 
     

2 
My parents worry that spending time with friends will reduce 

my study time. 
     

3 My parents scold me even when my school grades drop slightly.      

4 
My parents tell me that I should achieve better grades than 

others. 
     

5 My parents say that studying is the most important thing.      

6 My parents frequently nag me about my studies.      

7 
My parents closely monitor whether I am doing things other 

than studying. 
     

8 My parents worry a lot about my academic performance.      

9 My parents often tell me that I must succeed.      

10 
My parents wake me up if I sleep during time that should be 

spent studying. 
     

11 
My parents dislike it when I get absorbed on my computer (or 

my phone) instead of studying. 
     

12 
My parents set limits on the time I can spend playing with 

friends. 
     

13 
My parents dislike it when I go out with friends instead of 

studying. 
     

14 
My parents tell me to study more than usual when exams 

approach. 
     

15 My parents’ greatest concern about me is my school grades.      

Source: Panel Study on Korean Children, 2025. 

 

 

we employ a five-year unbalanced panel dataset from Waves 11 through 15. This 

period corresponds to the children’s transition from the fourth grade of elementary 

school to the second grade of middle school - a critical developmental stage for 

analyzing the structural drivers of private education dependence as students 

approach higher-stakes academic competition. 

In this study, a key independent variable is constructed for the empirical analysis. 

The primary explanatory variable, parental competitive pressure, is measured 

through a composite of 15 survey items, as detailed in Table 2. Each item is rated on 

a five-point Likert scale, ranging from 1 (Strongly Disagree) to 5 (Strongly Agree). 

For the analysis, we calculated the mean score across these 15 items to derive the 

final value for the variable. Based on a total of 6,618 observations, the mean of this 

variable is 2.36 (SD = 0.76), with values ranging from 1 to 5. To evaluate the 

measurement reliability of the composite index derived from the 15 indicators, its 

internal consistency was examined. The analysis yielded a Cronbach’s alpha of 
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0.919, indicating high internal consistency among the items. 

The items measuring parental competitive pressure reflect two distinct 

dimensions. The first is the psychological dimension of academic achievement 

pressure and anxiety. This refers to an attitude by which parents regard their child’s 

academic success as their primary concern and a benchmark for overall success, 

experiencing significant psychological apprehension and worry based on the child’s 

academic outcomes. 

The second is the behavioral dimension of regulation and overt intervention. This 

illustrates an active pattern of involvement, where parents directly control daily 

study hours and lifestyle habits—while strictly managing environmental factors—to 

maximize learning efficiency. 

Consequently, these indicators can be categorized and analyzed as follows: 1) 

psychological pressure, reflecting parents’ internal values; and 2) overt intervention, 

representing the exercise of practical control. 

 

1) Parental Academic Achievement Pressure and Anxiety (Items 1, 4, 5, 8, 9, 

15)1: These items assess the degree to which parents emphasize high-reaching 

academic goals, such as outperforming peers and the indispensability of career 

success. This subscale reflects a psychological dimension where parental 

pressure and anxiety manifest through a persistent preoccupation with overall 

academic outcomes and competitive superiority. 

 

2) Parental Behavior Intervention (Items 2, 3, 6, 7, 10, 11, 12, 13, 14): These 

items capture parental behaviors aimed at restricting and regulating non-

academic activities, including sleep, smartphone/computer usage, and social 

interactions with peers. 

 

2. Descriptive Statistics 

 

Table 3 presents the descriptive statistics pertaining to the key variables utilized 

in the empirical analysis. 

The primary explanatory variable, parental competitive pressure, has a mean score 

of 2.36 (on a five-point scale) across 6,618 observations. Regarding the dependent 

variable of private education investment, the PSKC data distinguishes between 

responses from children and parents. The number of private academies is derived 

from child respondents, whereas time spent and expenditures on private tutoring are 

sourced from parent respondents. As a result, the sample sizes differ across the 

variables. The number of private academies recorded 4,495 observations (M = 2.49, 

SD = 1.33), while the time and cost of private education accounted for 6,618 observations. 

Additionally, observations reporting a value of zero are included in all measures.  

To satisfy the normality assumption, the dependent variables—private tutoring 

hours and expenses—underwent logarithmic transformation. For observations with 

a value of zero, log-plus-one transformation is applied, ensuring that zero values are 

consistently represented as zero after the transformation. 

 
1The Cronbach’s alpha of psychological pressure is 0.861 and that of overt intervention is 0.871. 
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TABLE 3— DESCRIPTIVE STATISTICS 

Variable Obs. 
Mean 
(s.d.) 

Min Max 

Parental competitive pressure 6,618 
2.356 

(0.758) 
1 5 

Number of private academies 4,495 
2.488 

(1.327) 
1 10 

Time spent on private tutoring (hours/week) 6,618 
10.180 

(6.245) 
0 61 

Expenditure on private tutoring (10,000 KRW/month) 6,618 
44.691 

(32.439) 
0 550 

Child’s gender 6,607 
0.511 

(0.500) 
0 1 

Child’s age 6,590 
12.269 

(1.398) 
10 15 

Residence in Seoul Metropolitan Area 6,607 
0.432 

(0.495) 
0 1 

First-born child 6,607 
0.471 

(0.499) 
0 1 

Household income (10,000KRW/month) 6,160 
595.972 

(535.599) 
0 25000 

Father’s age 6,500 
45.508 

(4.164) 
29 65 

Mother’s age 6,547 
43.033 
(3.872) 

24 60 

Father’s education (college or above) 6,463 
0.735 

(0.441) 
0 1 

Mother’s education (college or above) 6,531 
0.724 

(0.447) 
0 1 

Mother employed 6,444 
0.614 

(0.487) 
0 1 

Source: Panel Study on Korean Children, 2025. 

 

 

We incorporate several control variables at the child, parental, and household 

levels. These include the child’s gender and age, residence (Seoul Metropolitan Area 

or not), birth order (first-born status), household income, parent’s age and 

educational attainment, and the mother’s employment status. Detailed statistical 

summaries for these control variables are provided in Table 3. 

 

C. Methodology 
 

To account for the longitudinal nature of the data, this study employs a panel data 

regression model. The longitudinal structure allows us to control for unobserved 

heterogeneity and analyze the dynamic relationship between parental pressure and 

educational investment over time. This is defined as shown in Equation (1). 

(1)   0 1 2it it it i itY Pressure X t     = + + + + +  

In this equation, 
itY   represents the dependent variable for child i   at time t  , 



VOL. 48 NO. 2 The Effects of Parental Competitive Pressure on Private Education Investment 75 

specifically denoting private education investment (measured by the number of 

academies, ln(weekly hours) or ln(monthly expenditure)); 
itPressure  is the primary 

explanatory variable, representing the level of parental competitive pressure; and 
itX  

denotes the vector of time-varying control variables, in this case household income, 

mother’s employment status, and other socioeconomic characteristics. Finally, 
i  

captures individual-specific fixed effects (or random effects), t   represents time 

trend, and 
it  is the idiosyncratic error term.  

 

 

V. Empirical Results 
 

A. Pooled OLS Estimates 
 

Table 4 presents the results of the pooled ordinary least squares (OLS) estimation, 

which analyzes the impact of parental competitive pressure on private education 

investment, as measured by the number of academies, the log-transformed values of 

weekly hours, and expenditure levels. 

The empirical results demonstrate that parental competitive pressure, the primary 

explanatory variable, exerts a statistically significant positive effect on all three 

measures of private education investment. Specifically, higher levels of parental 

competitive pressure correlate with an increase in the number of private academies  

 

 
TABLE 4— POOLED OLS ESTIMATES OF PARENTAL COMPETITIVE PRESSURE ON 

PRIVATE EDUCATION INVESTMENT 

Variable Number of academies 
Time spent on 

tutoring weekly hours 

(ln (weekly hours)) 

Tutoring expenditure 

(ln (exp)) 

Parental competitive pressure 
0.120*** 0.090*** 0.145*** 

(0.032) (0.018) (0.025) 

Child’s gender 
0.050 -0.029 -0.084** 

(0.058) (0.030) (0.043) 

Child’s age 
0.268 0.062 0.033 

(0.166) (0.090) (0.127) 

First-born child 
0.246*** 0.114*** 0.232*** 

(0.062) (0.032) (0.046) 

Household income  
0.0002 0.0001*** 0.0002** 

(0.0001) (0.0000) (0.0001) 

Father’s age 
-0.019* -0.008 -0.015 

(0.011) (0.006) (0.009) 

Mother’s age 
0.047*** 0.017** 0.023** 

(0.012) (0.007) (0.010) 

Father’s education  
(college or above) 

0.259*** 0.127*** 0.265*** 

(0.065) (0.044) (0.064) 

Mother’s education  
(college or above) 

0.259*** 0.177*** 0.301*** 

(0.065) (0.045) (0.065) 

Mother employed 
-0.101** -0.011 -0.006 

(0.056) (0.029) (0.041) 
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TABLE 4— POOLED OLS ESTIMATES OF PARENTAL COMPETITIVE PRESSURE ON 

PRIVATE EDUCATION INVESTMENT (CONT’D) 

Variable Number of academies 
Time spent on 

tutoring weekly hours 

(ln (weekly hours)) 

Tutoring expenditure 

(ln (exp)) 

Region 

Busan 
-0.074 -0.062 -0.257*** 

(0.151) (0.070) (0.097) 

Daegu 
-0.061 -0.034 -0.289*** 

(0.161) (0.070) (0.108) 

Incheon 
-0.231 0.018 -0.031 

(0.175) (0.088) (0.132) 

Gwangju 
-0.311** -0.047 -0.377*** 

(0.158) (0.088) (0.123) 

Daejeon 
-0.276 -0.324*** -0.614*** 

(0.192) (0.100) (0.137) 

Ulsan 
-0.380** 0.034 -0.344*** 

(0.151) (0.083) (0.119) 

Gyeonggi-do 
-0.256*** -0.118*** -0.199*** 

(0.100) (0.045) (0.062) 

Gangwon-do 
-0.801*** -0.287** -0.523*** 

(0.169) (0.139) (0.174) 

Chungcheongbuk-do 
0.342 -0.081 -0.154 

(0.291) (0.095) (0.136) 

Chungcheongnam-do 
-0.453*** -0.218** -0.336*** 

(0.131) (0.086) (0.114) 

Gyeongsangbuk-do 
-0.497*** -0.136* -0.412*** 

(0.145) (0.078) (0.102) 

Gyeongsangnam-do 
-0.607*** -0.180*** -0.531*** 

(0.114) (0.062) (0.088) 

Jeollabuk-do 
-0.380** -0.080 -0.363*** 

(0.155) (0.086) (0.119) 

Jeollanam-do 
-0.467*** -0.133** -0.481*** 

(0.126) (0.064) (0.090) 

Jeju 
-0.377 -0.393* -0.072 

(0.447) (0.236) (0.231) 

Sejong 
-0.982*** -0.259 -0.834*** 

(0.230) (0.169) (0.261) 

Time trend 
-0.420*** -0.076 -0.017 

(0.163) (0.089) (0.126) 

Constant 
845.926*** 154.456 36.197 

(327.587) (177.954) (252.270) 

𝑅2 0.103 0.057 0.116 

Obs. 4,109 5,883 5,883 

Note: *, **, and *** indicate significance at the 10%, 5%, and 1% levels, respectively. 
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attended, longer weekly hours, and substantially higher average monthly 

expenditures. These findings provide strong empirical evidence that parental 

competitive pressure serves as a key driver in triggering dependence on private 

education. 

Regarding the control variables, an increase in the household income level is 

found to raise both the time and financial resources allocated to private education 

significantly. Furthermore, higher parental educational attainment is positively and 

significantly associated with all dimensions of private education investment. 

Additionally, the analysis reveals a ‘first-born premium’ in educational investment, 

as expenditures and time devoted to the eldest child are significantly higher across 

all categories. 

While pooled OLS gives us a starting point, it can be biased because it does not 

account for individual differences as to whether they that stay the same over time. 

To obtain get more reliable results, we also use fixed effects (FE) and random effects 

(RE) models. These methods help us control for constant household traits, giving us 

a clearer look at how parental pressure affects educational spending. Despite these 

efforts, potential reverse causality remains a concern. The empirical results should 

be viewed with careful consideration regarding their causal implications. 

 

B. Model Selection: Random Effects vs. Fixed Effects 
 

Table 5 summarizes the estimation results from the random effects (RE) and fixed 

effects (FE) models, conducted to identify the most appropriate empirical 

specification for this longitudinal analysis. 

The RE model estimates show that parental competitive pressure has a statistically 

significant positive impact on all measures of private education investment (number 

of academies, ln(weekly hours), and ln(expenditure)). However, in the FE model, 

which controls for time-invariant individual heterogeneity, only private education 

expenditures remain statistically significant. Specifically, a one-point increase in the 

parental competitive pressure score is associated with an approximately 3.7% 

increase in expenditures on private education expenditure. 

To determine the statistical preference between the two specifications, we 

conducted a Hausman test. These test results yielded a significant p-value, leading  

 

 
TABLE 5— RANDOM EFFECTS VS. FIXED EFFECTS ESTIMATES 

Variable 
Number of academies 

Time spent on tutoring 

weekly hours 

(ln (weekly hours)) 

Tutoring expenditure 
(ln (exp)) 

RE FE RE FE RE FE 

Parental competitive 
pressure 

0.058** -0.008 0.059*** 0.028 0.077*** 0.037* 

(0.026) (0.032) (0.015) (0.017) (0.018) (0.020) 

𝑅2 0.031 0.041 0.002 0.008 0.004 0.010 

𝑥2 34.10 40.15 43.31 

Hausman test (p-value) 0.048** 0.010** 0.004*** 

Obs. 4,109 5,883 5,883 

Note: *, **, and *** indicate significance at the 10%, 5%, and 1% levels, respectively. 
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to the rejection of the null hypothesis that the individual-specific effects are 

uncorrelated with the regressors. We chose the fixed effects (FE) model over the 

random effects (RE) model for this study. The FE model provides more consistent 

estimates because it controls for fixed individual characteristics that could lead to 

biased results. Consequently, the final discussion of this study focuses on the results 

derived from the fixed effects model. 

 

C. Main Results 
 

Table 6 presents the estimation results of the fixed effects model regarding the 

impact of parental competitive pressure on private education investment. Column 

(1) accounts solely for individual fixed effects, while Column (2) adds the time trend. 

The results indicate that changes in parental competitive pressure do not have a 

statistically significant effect on changes in the number of private academies 

attended. Furthermore, regarding the weekly hours of private education, statistical 

significance is not found in Column (3) or Column (4).  

In contrast, the analysis of private education expenditures reveals a robust 

relationship. In particular, in Column (6), which controls for both individual fixed 

effects and the time trend, a one-point increase in the parental competitive pressure 

score is associated with a 3.7% increase in tutoring expenditures. 

These findings suggest that parental competitive pressure is reflected in increased 

financial spending rather than in the number of private academies or weekly study 

hours. Interpreting these results in a real-world context, even parents experiencing 

intense competitive pressure may find it difficult to increase quantitative time inputs 

due to the child’s finite time constraints. Consequently, when faced with heightened 

pressure, parents are more likely to opt for enhancing the qualitative level of private 

education rather than its quantity. This behavior can be understood as a strategic 

investment decision by parents to secure a competitive advantage for their children 

within a constrained educational environment. 

As established in the results of Table 6, parental competitive pressure is a primary 

driver of private education investment, particularly manifested through increased 

expenditures. To examine the persistence of this influence throughout the analysis  

 

 
TABLE 6— FIXED EFFECTS ESTIMATES OF PARENTAL COMPETITIVE PRESSURE 

Variable 
Number of academies 

Time spent on tutoring 

weekly hours 
(ln (weekly hours)) 

Tutoring expenditure 

(ln (exp)) 

(1) (2) (3) (4) (5) (6) 

Parental competitive 

pressure 

-0.006 -0.008 0.028 0.028 0.037* 0.037** 

(0.034) (0.034) (0.018) (0.018) (0.022) (0.022) 

Controls Yes Yes Yes Yes Yes Yes 

Individual fixed effects Yes Yes Yes Yes Yes Yes 

Time Trend No Yes No Yes No Yes 

𝑅2 0.039 0.041 0.007 0.008 0.010 0.010 

Obs. 4,109 5,883 5,883 

Note: *, **, and *** indicate significance at the 10%, 5%, and 1% levels, respectively. 
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FIGURE 4. EFFECTS OF PARENTAL COMPETITIVE PRESSURE ON PRIVATE EDUCATION EXPENDITURES 

BY YEAR 

 

 

period further, we analyze the annual coefficients of parental competitive pressure 

on private education expenditures. 

Figure 4 illustrates the results of cross-sectional analyses conducted annually from 

2018 to 2022. As indicated in the graph, parental competitive pressure consistently 

exerted a statistically significant positive effect on the increase in private education 

cost each year. Collectively, these findings confirm that parental pressure has acted 

as a consistent and significant determinant of rising educational expenses over the 

sample period. 

Notably, this influence, which showed a temporary weakening in 2019, regained 

momentum and exhibited an upward trend after 2020. This year-by-year analysis 

confirms that parental competitive pressure is a key mechanism consistently driving 

demand in the private education market. 

As previously noted, parental competitive pressure can be categorized into 

psychological and behavior dimensions. We now aim to identify the specific source 

of the results in Table 6 and determine which dimension of parental competitive 

pressure exerts a greater influence on private education investment. 

Table 7 presents the results regarding how parental competitive pressure, 

stemming from both psychological and behavioral factors, affects private education 

investment. As shown in the table, pressure driven by psychological factors 

significantly increases both the time and expenses directed toward private education. 

In contrast, pressure manifested through external behaviors does not show a 

statistically significant effect on educational investment. These findings highlight 

that the pressure arising from a desire for one’s child to excel academically is a major 

driver of private education spending. Based on these results, this study focuses on 

the impact of psychological competitive pressure, while the results for external 

factors are provided in Table A1. 

In Table 8 through Table 10, we examine the heterogeneous effects of parental 

competitive pressure on private education investment by subsampling the data based 
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TABLE 7— EFFECTS OF PARENTAL ACADEMIC ACHIEVEMENT PRESSURE AND ANXIETY (PRESSURE A) 

AND PARENTAL BEHAVIOR INTERVENTION (PRESSURE B) 

Variable 
Number of academies 

Time spent on tutoring 
weekly hours 

(ln (weekly hours)) 

Tutoring expenditure 

(ln (exp)) 

Pressure A Pressure B Pressure A Pressure B Pressure A Pressure B 

Parental competitive 

pressure 

-0.005 -0.009 0.034** 0.018 0.044** 0.023 

(0.030) (0.033) (0.016) (0.018) (0.019) (0.022) 

Controls Yes Yes Yes Yes Yes Yes 

Individual fixed effects Yes Yes Yes Yes Yes Yes 

Time Trend Yes Yes Yes Yes Yes Yes 

𝑅2 0.041 0.041 0.008 0.008 0.010 0.009 

Obs. 4,109 4,109 5,883 5,883 5,883 5,883 

Note: *, **, and *** indicate significance at the 10%, 5%, and 1% levels, respectively. 

 

 

on parental educational attainment and household income. Specifically, parental 

education is categorized into ‘High School Graduate or Lower’ and ‘University 

Graduate or Higher’, while household income is bifurcated at the threshold of four 

million KRW per month. 

The criteria for subsample classification are as follows. First, for educational 

attainment, we followed the standard approach of categorizing respondents into 

those with a high school diploma or less and those with a bachelor’s degree or higher. 

Descriptive statistics from our dataset show that 74% of parents hold a university 

degree or higher. To create a comparable grouping for household income, we divided 

the sample into the bottom 25% and the remaining 75% for our analysis. 

The analysis reveals that the impact of parental competitive pressure emerges for 

parents with a university degree or higher only in terms of weekly hours. Regarding 

private education expenses, the results indicate that higher parental competitive 

pressure is associated with increased spending. However, the effect is not statistically 

significant. 

The analysis based on maternal educational attainment reveals a slightly different 

pattern from that of the father’s education. Specifically, for households where the 

mother’s education level is high school graduate or lower, parental competitive 

pressure did not exert a statistically significant influence on either weekly hours or 

expenditures. In contrast, for households where the mother has a university degree 

or higher, both variables show a statistically significant increase in response to 

heightened pressure. 

The results by household income level, presented in Table 10, further reinforce the 

consistent patterns observed in Table 8 and Table 9. This indicates that the 

heterogeneous impact of parental competitive pressure on private education 

investment is similarly manifested across different income strata. Specifically, 

parental competitive pressure has a statistically significant positive effect on both 

weekly hours (0.040) and expenditures (0.042) only in households with a monthly 

income of four million KRW or higher. 

In summary, the positive relationship between parental competitive pressure and 

educational investment is primarily driven by high-SES (socioeconomic status) 

households - those with higher parental education and income levels. These findings  
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TABLE 8— HETEROGENEOUS EFFECTS OF PARENTAL ACADEMIC ACHIEVEMENT PRESSURE  

AND ANXIETY BY FATHER’S EDUCATION 

Variable 
Number of academies 

Time spent  
on tutoring weekly hours 

(ln (weekly hours)) 

Tutoring expenditure 

(ln (exp)) 

≤ High school ≥ College ≤ High school ≥ College ≤ High school ≥ College 

Parental competitive 

pressure 

-0.092 0.022 0.019 0.037** 0.064 0.034 

(0.028) (0.035) (0.033) (0.018) (0.039) (0.022) 

Controls Yes Yes Yes Yes Yes Yes 

Individual fixed effects Yes Yes Yes Yes Yes Yes 

Time Trend Yes Yes Yes Yes Yes Yes 

𝑅2 0.051 0.046 0.030 0.011 0.021 0.016 

Obs. 1,002 3,107 1,533 4,350 1,533 4,350 

Note: *, **, and *** indicate significance at the 10%, 5%, and 1% levels, respectively. 

 

 
TABLE 9— HETEROGENEOUS EFFECTS OF PARENTAL ACADEMIC ACHIEVEMENT PRESSURE  

AND ANXIETY BY MOTHER’S EDUCATION 

Variable 
Number of academies 

Time spent  
on tutoring weekly hours 

(ln (weekly hours)) 

Tutoring expenditure 

(ln (exp)) 

≤ High school ≥ College ≤ High school ≥ College ≤ High school ≥ College 

Parental competitive 

pressure 

-0.107** 0.033 0.023 0.035* 0.035 0.040* 

(0.048) (0.037) (0.034) (0.018) (0.042) (0.021) 

Controls Yes Yes Yes Yes Yes Yes 

Individual fixed effects Yes Yes Yes Yes Yes Yes 

Time Trend Yes Yes Yes Yes Yes Yes 

𝑅2 0.049 0.052 0.026 0.009 0.032 0.021 

Obs. 1,010 3,099 1,577 4,306 1,577 4,306 

Note: *, **, and *** indicate significance at the 10%, 5%, and 1% levels, respectively. 

 

 
TABLE 10— HETEROGENEOUS EFFECTS OF PARENTAL ACADEMIC ACHIEVEMENT PRESSURE  

AND ANXIETY BY HOUSEHOLD INCOME 

Variable 

Number of academies 

Time spent  

on tutoring weekly hours 

(ln (weekly hours)) 

Tutoring expenditure 
(ln (exp)) 

< 4 mil 
KRW 

≥ 4 mil 
KRW 

< 4 mil 
KRW 

≥ 4 mil 
KRW 

< 4 mil 
KRW 

≥ 4 mil 
KRW 

Parental competitive 

pressure 

-0.004 0.002 -0.004 0.040** 0.052 0.042** 

(0.068) (0.034) (0.053) (0.017) (0.062) (0.021) 

Controls Yes Yes Yes Yes Yes Yes 

Individual fixed effects Yes Yes Yes Yes Yes Yes 

Time Trend Yes Yes Yes Yes Yes Yes 

𝑅2 0.113 0.038 0.076 0.009 0.004 0.015 

Obs. 546 3,563 983 4,900 983 4,900 

Note: *, **, and *** indicate significance at the 10%, 5%, and 1% levels, respectively. 
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FIGURE 5. EFFECTS OF PARENTAL ACADEMIC ACHIEVEMENT PRESSURE  

AND ANXIETY ON PRIVATE EDUCATION EXPENDITURES: QUANTILE REGRESSION ANALYSIS  

(LEFT: WEEKLY HOURS VS. RIGHT: TUTORING EXPENDITURES) 

 

 

suggest that private education is more than just an individual family’s choice. 

Instead, it shows how structural factors, such as parental pressure, interact with 

household resources such as income and education to contribute to educational 

inequality. 

While the previous analyses focused on the impact on the mean of private 

education investment, we finally conduct a quantile regression analysis to examine 

the heterogeneity of the competitive pressure effect across the distribution of weekly 

hours (left) and expenditures (right). Figure 5 displays the estimated coefficients of 

parental competitive pressure for private education time and expenditure from the 

10th to the 90th percentiles. 

The figure on the left illustrates changes in private tutoring hours across different 

quantiles of parental competitive pressure. As shown, even with an increase in 

parental pressure, there is no statistically significant rise in study hours. This can be 

interpreted as a result of physical time constraints on children’s learning schedules. 

On the other hand, the figure on the right shows that a higher level of competitive 

pressure leads to increased private education expenditures across most deciles. The 

impact of parental competitive pressure is significantly more pronounced, except 

below the 30th percentile. Furthermore, competitive pressure increases in 

accordance with the rise in quantiles.  

These results suggest that households already spending heavily on private 

education are more sensitive to competitive pressure, responding by aggressively 

scaling up their educational investments. This implies that the intensification of 

educational competition ultimately serves as a mechanism that widens the gap in 

educational expenditures, further entrenching socioeconomic disparities. 

 

 

VI. Conclusion and Policy Implications 
 

In our society, alongside the extreme university hierarchy, the social perception 

that entering a prestigious university is a prerequisite for success has become deeply 

entrenched. As a result, private education has long been regarded as a necessity rather 

than an option. This has resulted in a phenomenon by which parents cling to private 
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education, despite significant financial burdens, to provide better opportunities for 

their children. Consequently, private education has evolved beyond mere 

supplementary learning into a socio-structural issue that exacerbates educational 

inequality and increases the financial burden on households. Excessive competition 

for private education is now identified as an important factor contributing to social 

stratification and the erosion of the social ladder, making policy interventions more 

critical than ever. 

Against this backdrop, this study analyzes the impact of parental competitive 

pressure on private education investment. The empirical results reveal that parental 

competitive pressure does not significantly increase the quantity of private education 

(number of academies or tutoring hours) but exerts a statistically significant positive 

effect on tutoring expenditures. Specifically, a one-point increase in the parental 

competitive pressure score is associated with a 3.7~4.4% increase in expenditures. 

This suggests that when faced with a child’s finite time constraints, parents opt for a 

strategic shift toward qualitative investment (higher-cost or specialized services) to 

secure a competitive advantage. 

Furthermore, the impact of parental competitive pressure on private education 

investment exhibited heterogeneous patterns depending on the mother’s educational 

attainment and on household income levels. One possible explanation for the weaker 

relationship observed among lower-income households is the presence of liquidity 

constraints. Even when parental competitive pressure is high, limited financial 

resources may restrict the ability of households to increase private education 

expenditures. In such cases, parental competitive pressure may not translate into 

higher spending, despite similar levels of educational aspiration. 

This suggests that family background - specifically education and income - plays 

a decisive, moderating role in converting parental competitive pressure into actual 

investment. Ultimately, these findings serve as empirical evidence of the reality in 

Korean society, where socio-structural factors (parental competitive pressure) and 

household resources (income/education) combine to reproduce educational 

inequalities, moving beyond a simple matter of individual choice. Based on these 

findings, we propose that the focus of policy must shift from regulating the private 

education market to fundamentally alleviating parental competitive pressure. The 

findings of this study offer significant policy and academic implications, particularly 

by demonstrating that parental competitive pressure originates from psychological 

mechanisms, including the drive for academic achievement, the pursuit of relative 

advantage, and parental anxiety. Our specific recommendations are as given below. 

First, addressing the dual structure of the labor market is a matter of urgency. The 

Korean labor market is fragmented into a primary market characterized by high 

wages and stable employment and a secondary market defined by low wages and 

precarious labor, which exacerbates inequalities in working conditions. Therefore, 

unless the fundamental labor market environment - which currently limits access to 

decent jobs (primary market) - is improved, parental competitive pressure is likely 

to remain high. 

Second, it is essential to diversify the social perception of success and make long-

term efforts to reform the academic-centered social structure. South Korean society 

relies excessively on a singular and rigid path to success, defined by admission to 

top-tier universities and employment in large corporations or professional fields. 
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While all societies have paths to success, a high degree of restrictiveness in these 

paths may function as a structural factor, compelling parents to force their children 

into intense educational competition to enter such a narrow gate. Therefore, cultural 

and institutional changes must follow, such as narrowing the gap in social rewards 

(e.g., wages, status) based on occupation and educational background and 

recognizing achievements in diverse fields. 

Third, policy efforts should be concentrated on addressing the information 

asymmetry between public and private education. The private education market 

exclusively produces and distributes vast amounts of data - such as admission track 

records, customized consulting, and the results of big data analysis – serving as a 

key factor in the intensification of parental anxiety and the deepening reliance on 

private education. To overcome the current situation where information provided by 

public education remains insufficient in terms of both quantity and quality, a system 

must be established to provide objective admission data and personalized career 

roadmaps. This would help alleviate the anxiety rooted in information asymmetry 

and structurally reduce the dependence on private education. 

In summary, the reliance on private education stems not merely from flaws in the 

educational system but from socio-structural issues that leave parents with no choice 

but to push their children toward private education. South Korea’s intense fervor for 

private education is interpreted as a phenomenon amplified by the status competition 

mechanism interacting with a degree-oriented social structure. Given that these 

structural factors may play an important role in shaping parental competitive 

pressure, fragmented policies - such as simple regulations or reductions - may be 

insufficient to produce substantial results. Therefore, it is essential to recognize that 

the private education issue is a reflection of socio-economic realities and to prioritize 

policy measures that fundamentally alleviate parental competitive pressure. 
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Volatility Spillover Effects in Foreign Exchange Markets 
among China, Japan, and South Korea 

By BOK-KEUN YU AND KWON SIK KIM* 

This paper analyzes the dynamic spillover effects of exchange rate 

volatility among the foreign exchange markets of China, Japan, and 

South Korea from January of 2010 to March of 2024 based on exchange 

rate determination theories, the GJR-GARCH model, and the TVP-VAR 

model. The key empirical results are as follows. First, while the factors 

determining the CNY/USD, JPY/USD, and KRW/USD exchange rates 

are somewhat different, it was found that CNY/USD is influenced by the 

short-term interest rate differential with the U.S., JPY/USD is affected 

by the VIX and by a COVID-19 dummy, and KRW/USD is impacted by 

the difference in the money supply change rate with the U.S. and the 

VIX. Second, the exchange rate volatility of the three currencies was 

found to exhibit the well-known persistence and leverage effects. Third, 

regarding the time-varying spillover effects of exchange rate volatility 

between the three countries’ foreign exchange markets, the transmission 

effects of exchange rate volatility between the three countries varied 

with the timing, frequency, and persistence. 

Key Word: Volatility Spillover, Foreign Exchange Rate, GJR-GARCH, 

TVP-VAR 

JEL Code: E40, E50, F30, G15 

 

 

 I. Introduction 

 

e investigate the dynamic spillover effects of exchange rate volatility among 

the foreign exchange markets of China, Japan, and South Korea from January 

of 2010 to March of 2024 using exchange rate determination theory, the GJR-

GARCH model, and the TVP-VAR model.  

A foreign exchange rate is defined as the rate of one currency against another, 

expressing the relative value or price of a country’s currency. Exchange rates are 

apparently determined by the supply and demand of currencies in the foreign 
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exchange markets. However, exchange rates are influenced by a variety of macro-

economic factors at the global as well as domestic level, such as interest rates, the 

money supply, and prices. Meanwhile, rapid exchange rate fluctuations can have 

negative effects on a country’s investments, foreign trade and productivity (Byrne 

and Davis, 2005; Arize et al., 2008; Aghion et al., 2009). 

This paper aims to analyze the spillover effects of exchange rate volatility among 

nations. In particular, we focus the analysis on three Asian countries, China, Japan, 

and South Korea, for the following reasons. First, these countries are geographically 

close in East Asia. Some previous studies suggest that the gravity model 1  in 

international trade can also be applied to international finance. They argue that 

geographical distance can act as a proxy for information pertaining to the corporate 

culture, markets, and institutions (Portes et al., 2001; Portes and Rey, 2005). 

Empirical research has also reported that the transmission effects of exchange rate 

volatility are stronger among geographically closer countries (Melvin and Melvin, 

2003; Black and McMillan, 2004). 

Moreover, these countries not only hold significant positions in international trade 

but also maintain close relations with each other. It is well known that trade 

interconnectedness can bring about financial co-movement or spillover between 

countries. These three countries account for nearly one-fifth (18.7%) of global trade, 

and their trade interconnections are numerous. As of 2023, China (12.7%) ranks first 

in world trade, with Japan (5.3%) and South Korea (5.2%) ranking second and third 

in Chinese trade, respectively, following the United States (11.2%). Japan (3.2%) 

holds the fifth position, with China (20.0%) and South Korea (5.2%) correspondingly 

ranking first and fifth in Japanese trade. South Korea (2.7%) ranks seventh, with 

China (21.0%) and Japan (6.0%) in first and fourth place, respectively, in South 

Korean trade (Korea International Trade Association, KITA). 2  Accordingly, our 

study focuses on the spillover effects among the foreign exchange markets of three 

East Asian countries that are geographically proximate, occupy important positions 

in the global economy, and maintain very close economic relationships with one 

another. Analyzing the spillover effects of foreign exchange rate volatility among 

these countries is both significant and appropriate.3  

This study is distinct and makes several important contributions. First, while 

random walk or AR models are often used in the conditional mean equations of 

GARCH models, we analyzed the spillover effects of exchange rate volatility 

between countries in a purer aspect by controlling for each country’s macroeconomic 

fundamentals and global common risk factors, based on conventional monetary 

exchange rate determination theory. Through our empirical analysis, we also 

demonstrated that macroeconomic fundamentals and global common factors could 

still be relevant in determining exchange rates between countries, thereby partially 

supporting the validity of monetary exchange rate determination theory. 

 
1A gravity model has been often used for analyzing international trade flows between the two countries since 

the 1960s. The magnitude of each economy and geographical distances play key roles in bilateral trade flows in the 

model.  
2As of 2023, the combined GDP of the three countries represents 25.9% of the world's total GDP, with China 

(18.8%), Japan (5.1%), and South Korea (2.0%) ranked 2nd, 3rd, and 7th, respectively (source: World Bank). 
3 We recognize that a broader and more comprehensive analysis of spillover effects among Asian foreign 

exchange markets would benefit from the inclusion of major ASEAN countries, such as Singapore and Thailand, 

which we leave for future research. 
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Second, this paper emphasizes the importance of recognizing the expectations and 

behaviors of foreign exchange market participants, as well as institutional changes 

in geographically and economically close neighboring countries, by showing that 

even after controlling for each country’s macroeconomic fundamentals and global 

common factors, the foreign exchange markets of the three major East Asian 

countries can still influence each other.  

Third, by employing the TVP-VAR model, this study was able to capture not only 

the dynamic effects of exchange rate volatility, which are time-varying rather than 

static parameters, but also revealed that the spillover effects of volatility between the 

countries differ significantly in terms of the timing, frequency, and persistence. 

Section II reviews the existing literature. Section III describes the data and 

explains the methodology used in our analysis. Section IV reports the empirical 

results, and Section V concludes the paper. 

 

 

II. Literature Review 
 

As a first step in our research, we controlled for the effects of macroeconomic 

variables, including the global common risk on exchange rates, following the 

conventional exchange rate determination theory. Then, we estimated the GARCH 

volatility using the residuals and analyzed the cross-country spillover effects of these 

outcomes. A number of studies exist regarding the relationship between 

macroeconomic variables and exchange rates. This paper employs the monetary 

theory exchange rate determination model based on the widely used asset market 

model to explain the relationship between exchange rates and macroeconomic 

variables, following Frankel (1979). 

Frankel (1979) constructed a real interest rate differential monetary model of 

exchange rate determination that incorporates price rigidity and the difference in 

expected inflation between two countries. 4  In this model, the difference in the 

money supply between two countries, the relative income differences, short-term 

interest rate differentials, and differences in expected inflation all play a role in 

determining the exchange rate. If the home country’s money supply is larger 

compared to that of the foreign country, the domestic currency depreciates, causing 

the exchange rate to rise (+). An increase in domestic income relative to that in the 

foreign country raises the demand for domestic currency, causing the exchange rate 

to appreciate (-). 5  A relative increase in the domestic short-term interest rate 

compared to the foreign short-term interest rate attracts capital inflows according to 

the interest rate parity condition, also leading to an appreciation of the exchange rate 

(-).6  A relative increase in expected inflation in the domestic country leads to a 

 
4Under price rigidity, nominal interest rate changes are not fully reflected in the expected inflation rate in the 

short term. 
5Traditional flow approaches and the Mundell-Fleming model suggest that increased domestic income worsens 

the current account balance through higher imports, which reduces the supply of foreign currency in the foreign 
exchange market and causes the exchange rate to rise (+). 

6Bilson’s (1978) flexible price model of exchange rate determination, based on monetary theory, has the effects 

with regard to the money supply and income differentials identical to those in Frankel (1979), but relative increases 

in domestic interest rates compared to foreign interest rates reduce domestic money demand and cause the exchange 

rate to rise (+). 
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depreciation of the domestic currency, resulting in a depreciation of the exchange 

rate (+). The author empirically tested the determinants of the mark/dollar exchange 

rate using monthly data from June of 1974 to February of 1978, showing results 

consistent with the present hypothesis. More specifically, increases in income and 

short-term interest rate differentials between Germany and the U.S. led to a decrease 

in the exchange rate, while differences in the money supply and expected inflation7 

caused an increase in the exchange rate. 

In contrast, Meese and Rogoff (1983) examined the explanatory and predictive 

power of the pound, mark, and yen exchange rates against the U.S. dollar using 

monthly data from March of 1973 to November of 1976 after the collapse of the 

Bretton Woods system. They found that structural models, including macroeconomic 

variables, had weak explanatory power for exchange rate movements and that their 

predictive power was not superior to the random walk model in the short and medium 

term (for horizons from one to twelve months). In addition, Frankel and Rose (1995), 

through their survey of various studies of exchange rate determination, concluded 

that macroeconomic fundamentals have limited explanatory power with regard to 

exchange rate fluctuations. 

However, macroeconomic variables have reportedly shown some explanatory 

power for exchange rate movements since the 1990s, given the use of more 

sophisticated econometric analyses along with improved monetary policies such as 

inflation targeting. MacDonald and Taylor (1994) added cointegration techniques to 

existing monetary models of exchange rate determination, analyzing the relationship 

between the monthly dollar/sterling exchange rate and macroeconomic variables 

from January of 1976 to December of 1990. Their results showed that the model 

outfitted the random walk model in forecasting short-term exchange rate dynamics, 

and it was also valid for long-term exchange rate analyses. Johnston and Sun (1997) 

used data from the second quarter of 1975 to the second quarter of 1993, employing 

an error correction model, and compared the forecasting ability of the mark/dollar 

and yen/dollar exchange rates, concluding that a monetary model based on economic 

fundamentals was superior to the random walk model. Shin and Lee (2004) analyzed 

the determinants of the won/dollar exchange rate during the period before the Asian 

financial crisis (January 1990–August 1997) and the entire period at the time of their 

study (January 1990–December 2002). They used a basic model with only money 

supply and income, Bilson’s (1978) flexible price model including short-term 

interest rates along with these two variables, and Frankel’s (1979) real interest rate 

differential model with long-term interest rates in addition to the above-mentioned 

three variables. Their analysis showed that after the crisis, the macroeconomic 

variables of the money supply and income variables had a greater impact on the 

short-term and long-term fluctuations of the won/dollar exchange rate. Similarly, 

Chin et al. (2007) used quarterly data from the first quarter of 1980 to the first quarter 

of 2003, reporting that the monetary model suitably explained the long-term trends 

of the Philippine peso against the U.S. dollar with macroeconomic factors. 

Meanwhile, Lilley et al. (2022), analyzing the period from 2007 to 2018, found 

that after the global financial crisis, global risk factors had significantly greater 

explanatory power for exchange rate movements across countries. They attributed 

 
7Long-term interest rates were used as a proxy for expected inflation. 
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this to the increasing role of the U.S. dollar as a safe-haven asset after the global 

financial crisis. When global financial market uncertainty rises, investors quickly 

shift their portfolios from riskier assets to safer ones. They also found that when the 

global risk appetite increases, riskier emerging market currencies generally 

depreciate, whereas safer currencies such as the Japanese yen and Swiss franc either 

show little changes or appreciate. Mo et al. (2023), using daily data from January 1, 

2018 to June 17, 2021, analyzed the determinants of the U.S. dollar exchange rates 

for the G10 countries. They showed that interest rate differentials between countries 

were statistically insignificant. Instead, quantitative easing differences between 

countries, measured by central bank balance sheets, and the VIX (Volatility Index)8 

had significant effects on exchange rate movements. Engel and Wu (2024) analyzed 

factors related to exchange rate determination for G10 countries using a monetary 

exchange rate model with global risk variables and monthly data from March of 1973 

to December of 1998 and from January of 1999 to August of 2023, finding after the 

2000s, the model’s fit and predictive power were greatly improved. This was 

attributed to the credibility of monetary policies with the introduction of explicit or 

implicit inflation targeting. Specifically, for Japan and Switzerland among the G10 

countries, the impact of global risk variables on exchange rate movements was 

statistically insignificant or showed signs opposite to the expected direction. This 

can be explained by the fact that, unlike other currencies, these currencies have 

characteristics similar to those of safe-haven assets. When global real and financial 

stress and uncertainty increase, the demand for these currencies actually rises, 

leading to their appreciation. 

Considering the comprehensive review of the existing literature of exchange rate 

determination, it can be said that constructing a mean equation for exchange rate 

determination is more reliable when based on a monetary theory model rather than a 

simple random walk model. Furthermore, it is reasonable to include global financial 

market uncertainty and investor risk preferences in addition to macroeconomic 

fundamentals in the model. 

Next, there have been several salient studies of the cross-country spillover effects 

of exchange rate volatility in financial markets. Dornbusch et al. (2000) assert that 

asset price contagion between countries can be categorized conceptually as either 

based on fundamentals or contagion per se. Fundamental-based contagion includes 

spillover effects triggered by common global shocks as well as actual and financial 

linkages. Pure contagion contains the irrational phenomena of investors’ behavior 

stemming from liquidity constraints, imperfect information and dissimilar 

expectations, and changes in the “rules of the game,” among other factors. 

Dornbusch et al. (2000) also criticize how several studies of volatility spillover 

among countries with regard to asset prices, such as studies of interest rates and 

foreign exchange rates, did not control for fundamental macroeconomic variables. 

Leung et al. (2017), using the GARCH (1,1) model and hourly data from January 1, 

2001 to April 26, 2013, examined volatility spillover effects among New York, 

London, and Tokyo stock markets and between the key exchange rates of the euro, 

 
8The VIX is measured as the expected volatility of the S&P 500 index options listed on the Chicago Board 

Options Exchange (CBOE) for the next 30 days, and it reflects investor sentiment pertaining to uncertainty in the 

stock market, often referred to as the ‘fear index.’ 
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pound, yen and New York stock market during normal periods and the crisis periods 

(the global financial crisis and the Eurozone crisis), finding that volatility spillover 

increased during the both crisis periods. Qin et al. (2018) analyzed volatility 

spillover between China’s foreign exchange and stock markets and Japan’s stock 

market using daily data from January 5, 1998 to June 1, 2018. Their results indicated 

that volatility spillover effects were mutual, with Japan’s financial market having a 

stronger spillover effect on China’s financial market. The authors attributed this to 

limited access to the Chinese financial market and to capital controls imposed by the 

Chinese government. Melvin and Melvin (2003) examined volatility spillover within 

and between regions in Asia, Europe, and America using high-frequency exchange 

rate data with 15-minute intervals for the mark/dollar and yen/dollar exchange rates. 

They found that intra-regional spillover effects were greater than inter-regional 

effects. Guo and Wang (2023) investigated the exchange rate transmission effects 

between the Chinese yuan and ten RCEP9 member countries’ currencies using daily 

data from August 23, 2010 to August 19, 2022. Regarding China, Japan, and Korea, 

China was a net receiver from Japan but a net transmitter to Korea,10 while Japan 

was a net transmitter to China but a net receiver from Korea. Finally, Korea was a 

net receiver from China, but a net transmitter to Japan. A limitation of this study is 

that it only analyzed the relationship between exchange rates and did not control for 

other variables that could influence the exchange rates of each country. During the 

COVID-19 period, countries with more severe cases of infection experienced greater 

depreciation of their currencies as their macroeconomic conditions weakened. 

Additionally, the spillover effects of exchange rate volatility between countries were 

found to be greater during this period compared to other periods (Wei et al., 2020; 

Narayan, 2022; Mo et al., 2023). 

There are several major strands of the literature that employ TVP-VAR models to 

analyze spillover effects among domestic and cross-country economic variables. 

Antonakakis et al. (2019) examined monetary policy spillover among the United 

States, the Euro area, the United Kingdom, and Japan using daily shadow short rate 

data from 1995 to 2018. Their findings indicate that the United States and the Euro 

area act as net transmitters, whereas the United Kingdom and Japan are primarily 

receivers of spillover. Subsequently, Antonakakis et al. (2020) used monthly data 

from February of 1975 to January of 2019 to analyze volatility spillover in bilateral 

exchange rates for four major currencies against the U.S. dollar—the euro, pound 

sterling, Swiss franc, and Japanese yen. Their results show that the euro plays a 

dominant role as a transmitter of volatility to the other currencies. Byun and Cho 

(2023) investigated the interaction between policy uncertainty and financial markets 

in the United States and Korea using monthly data from November of 2000 to March 

of 2023. Their analysis reveals that in both countries, economic policy uncertainty 

and monetary policy uncertainty exert significant effects on the volatility of stock, 

bond, and foreign exchange markets. More recently, Liu et al. (2025) analyzed 

volatility spillover effects in exchange rates against the U.S. dollar across countries 

using daily data from January 6, 2019 to August 29, 2025, reporting that advanced-

 
9 The Regional Comprehensive Economic Partnership (RCEP) is a free trade agreement all ten ASEAN 

members plus China, Japan, South Korea, Australia, and New Zealand, entered into force on January 1, 2022. 
10The degrees of spillover between the countries were measured using the spillover index developed by Diebold 

and Yilmaz (2012). 
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economy currencies, such as the euro and pound sterling, significantly influence the 

volatility of emerging market currencies. 

 

 

III. Data and Methodology 
 

A. Data 
 

The exchange rates used in the empirical analysis of the CNY/USD, JPY/USD, 

and KRW/USD exchange rates are based on daily closing prices provided by 

Bloomberg. The analysis period ranges from January of 2010 to March of 2024, and 

the average monthly value of each dataset is used. 

Figure 1 shows the exchange rates (level) and corresponding changes (natural log 

first difference) for China, Japan, and South Korea. The exchange rates of the three 

countries exhibit common fluctuations during key global events, including the early 

2010 (sovereign debt crises in the Euro area), early and mid-2016 (Brexit), early 

2020 (outbreaks of COVID-19), and early and mid-2022 (Russia-Ukraine war and 

continuation of COVID-19) periods. 11  The CNY/USD increased in mid-2019, 

which appears to be partly due to U.S.-China trade tensions. The JPY/USD rate has 

risen since early 2023 due to the delay in key interest rate hikes by the Bank of Japan 

amid the continued strengthening of the U.S. dollar. Next, while changes in the 

exchange rates of the three countries show common movements since early to mid-

2022, they exhibit some differences in other periods. For example, there was 

considerable change in the CNY/USD exchange rate in mid-2018, the JPY/USD 

change was pronounced in late 2014 and late 2016, and the KRW/USD change was 

notable in late 2011. 

A unit root test was conducted to test the stationarity of these exchange rates, and 

as a result, the exchange rates of China, Japan, and South Korea were all found to be 

non-stationary. Regarding the natural log first-difference variable (
i

tSR  ), it 

appeared as a stationary time series without a unit root. In the empirical analysis, the 

natural log first difference variable was used, as shown in Equation (1). The trends 

of these exchange rates are presented in Figure 1. 

(1)       
1

i
i t
t i

t

S
SR ln

S −

 
 =  

 
 

In Equation (1), tS represents the spot exchange rate for period t , and the subscript 

i  refers to China, Japan, and South Korea. 

Table 1 presents descriptive statistics of the values of the natural log first 

differences in the CNY/USD, JPY/USD, and KRW/USD exchange rates. The 

average is 0.0003 for the CNY/USD change, 0.003 for the JPY/USD change, and 

0.0008 for the KRW/USD change. The standard deviation is largest for the JPY/USD  

 
11Each event is referenced from Ahir, Bloom, and Furceri (2022). 
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CNY/USD Changes in CNY/USD 

  
JPY/USD Changes in JPY/USD 

  

Changes in KRW/USD Changes in KRW/USD 

  
FIGURE 1. EXCHANGE RATES AND CHANGES IN EXCHANGE RATES OF CHINA, JAPAN AND KOREA 

Note: The changes in the CNY/USD, JPY/USD, and KRW/USD rates were calculated based on natural log 
differences between each period (t and t-1). 

Source: Bloomberg. 

 

 

change (0.0214), followed by the KRW/USD change (0.0185), and the CNY/USD 

change (0.0102).12 In terms of skewness and kurtosis, the skewness of the CNY/USD 

and JPY/USD change is positive (+), while the skewness of the KRW/USD change 

is negative (−). The kurtosis values are all less than 3, indicating a platykurtic 

distribution. 

 
12The People’s Bank of China, through foreign exchange market reforms in June of 2005, shifted from a US 

dollar peg system to a managed floating exchange rate system based on a basket of currencies. The daily exchange 

rate fluctuation range was expanded to ±0.5% in May of 2007, to ±1% in April of 2012, and to ±2% starting in 

March of 2014 (Das, 2019). 
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TABLE 1—DESCRIPTIVE STATISTICS OF CHANGES IN EXCHANGE RATES 

 CNY/USD JPY/USD KRW/USD 

Mean 0.0003  0.0030  0.0008  

Median -0.0010  0.0016  0.0014  

Maximum 0.0416  0.0747  0.0562  

Minimum -0.0278  -0.0516  -0.0488  

Standard deviation 0.0102  0.0214  0.0185  

Skewness 0.8444  0.4994  -0.0265  

Kurtosis 2.6730  0.7773  0.0807  

Q(20)1) 67.8887*** 48.4958***  46.6105***  

McLeod-Li test(20)2)  42.2854*** 13.3176*** 30.3712* 

ADF Unit-root test3) -7.9207***  -9.3645***  -9.6835***  

Observations 171 171 171 

Note: 1) The null hypothesis is “no autocorrelation exists.”; 2) The null hypothesis is “the time series does not exhibit 

ARCH effects at lag k.”; 3) The null hypothesis is “time series has a unit root.”; 4) ***, **, and * denote statistical 

significance at the level of 1%, 5% and 10%, respectively. 

 

 
TABLE 2—DATA DESCRIPTIONS AND SOURCES 

Variable Description Source 

SR 
Spot exchange rates (monthly average using daily closing 

prices, CNY/USD, JPY/USD, KRW/USD) 
Bloomberg 

M2 
M2 money supply (monthly, seasonally adjusted, China: trillion 
CNY, Japan: 100 trillion JPY, Korea: trillion KRW, US: trillion USD) 

Bloomberg (China, Korea, U.S.) 
Bank of Japan (Japan) 

IP Industrial production (monthly, not seasonally adjusted) 
CEIC (Japan, Korea, U.S.) 

WIND (China) 

TBSR 
One-year T-bill yield to maturity (monthly average using daily 

closing prices, %) 

Bloomberg (China, Japan) 

Korea Financial Investment 

Association (Korea) 
FRED (U.S.) 

TBLR 
Ten-year T-bill yield to maturity (monthly average using daily 

closing prices, %) 

Bloomberg (China, Japan) 

Korea Financial Investment 

Association (Korea) 
FRED (U.S.) 

VIX 
Volatility index of Chicago Board Options Exchange (monthly 

average using daily closing indexes, %) 
Bloomberg 

 

 

In addition to exchange rates, the data include the M2 money supply, industrial 

production, short-term and long-term government bond interest rates, and the VIX 

index. Table 2 provides descriptions of the data and sources used as explanatory and 

dependent variables in the mean equations for China, Japan, and South Korea. 

 

B. Methodology 
 

This study adopts a two-stage approach to analyze volatility and the corresponding 

spillover effects of the CNY/USD, JPY/USD, and KRW/USD exchange rates. In the 

first stage, the mean equation and the variance equations are specified to extract the 

exchange rate volatility for each country. In the second stage, the spillover effects of 

exchange rate volatility among the three countries are examined based on the 
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extracted volatility. 

First, the mean equation was specified based on the Frankel (1979) model, which 

is widely used in the exchange rate determination theory. The mean equation 

includes the VIX, which is the most widely used proxy for global risk and uncertainty 

(Forbes and Warnock, 2012; Rey, 2015; Hansen and Krogstrup, 2019). We seek to 

ensure robustness by using the Global Economic Policy Uncertainty (GEPU) index 

as a proxy for broader forms of macroeconomic and policy uncertainty, taking into 

account that the VIX index primarily reflects financial market risk. The GEPU index 

used in this study was developed by Scott R. Baker, Nicholas Bloom, and Steven 

Davis, and it has been available since January of 1997. The index is constructed as 

the GDP-weighted average of national economic policy uncertainty (EPU) indices 

for the following 18 major countries: Australia, Brazil, Canada, Chile, China, France, 

Germany, Greece, India, Ireland, Italy, Japan, Russia, Korea, Spain, Sweden, the 

United Kingdom, and the United States (policyuncertainty.com). 

The analysis period includes the period of the COVID-19 pandemic, which is 

controlled using a dummy variable. The dummy variable is set to 1 for the period 

from January of 2020 to April of 2023, and 0 for the remaining periods.13  The 

specific mean equation is expressed as Equation (2). 

(2) 
1 2 3 4

5 6 7

( 2 2 ) ( ) ( )

( ) ln( )

i i i i US i i US i i US

t t t t t t t

i i US i i i

t t t t t

SR M M IP IP TBSR TBSR

TBLR TBLR VIX dummy e

   

  

 = +  − +  − + −

+ − + + +
 

In Equation (2), tSR  represents the change in the exchange rate (natural log 

first difference); 2tM  refers to the change rate of the M2 money supply (year-on-

year); tIP  indicates the industrial production change rate, serving as a proxy for 

economic growth (year-on-year); tTBSR   denotes short-term interest rates; and 

tTBLR   resents long-term interest rates, serving as proxy variables for expected 

inflation. tVIX   indicates the volatility index as a proxy for global common risk 

factors. The subscripts i  and US  represent China, Japan and South Korea, and 

the United States, respectively. te  is a pure error term after controlling for country-

specific macroeconomic fundamentals and global common risk factors. Equation (2) 

can be expressed more concisely as follows: 

(3)      
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t t t t
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t t t t
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Following Frankel (1979), each explanatory variable in the mean equation is 

expected to have the following effects on exchange rate changes: differences in 

money supply change rates and long-term interest rates between each country and 

 
13The World Health Organization (WHO) declared COVID-19 a Public Health Emergency of International 

Concern (PHEIC) on January 30, 2020, and the declaration was lifted on May 5, 2023. It should also be noted that 

the Russia-Ukraine war, which started in February of 2022, is also included in this period. 
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the U.S. are expected to lead to an increase (+) in exchange rates, while differences 

in industrial production change rates and short-term interest rates are expected to 

contribute to a decrease (−) in exchange rates. When the VIX rises, indicating a 

contraction in global investor sentiment, it is expected to exert upward (+) pressure 

on CNY/USD and KRW/USD exchange rates. However, due to the Japanese yen’s 

status as a safe-haven currency, it can have downward (−) pressure on the JPY/USD 

exchange rates in such situations. 

The variance equation is based on the GJR-GARCH model proposed by Glosten, 

Jagannathan, and Runkle (1993), which extends the ARCH model of Engle (1982) 

and the GARCH model of Bollerslev (1986). The GJR-GARCH model is well suited 

for capturing the ‘leverage effect,’ where negative shocks have a greater impact on 

volatility than positive shocks in financial markets. This model overcomes the 

limitations of the traditional ARCH and GARCH models, which can capture 

volatility clustering and persistence but cannot measure the leverage effect. By 

incorporating dummy variables to reflect asymmetric effects in the foreign exchange 

markets, the GJR-GARCH model explains the dynamics of volatility more accurately. 

The GJR-GARCH model is presented in Equation (4). It builds on the ARCH 

model (Engle, 1982) and the GARCH model (Bollerslev, 1986), where the volatility 

at time t  ( th ) depends on the squared residuals (
2

1te − , ARCH effects) from period 

1t −  and the volatility ( 1th − , GARCH effects) from period 1t − . Additionally, by 

including a dummy interaction term (
2

1 1t tI e − − ), the model captures the asymmetric 

effects of positive and negative shocks on volatility, commonly referred to as the 

leverage effects. 

(4)    

1

2,

0 1 1 1 2 1

1
1

1

| ~ (0, )

( )

1,| 0

0,| 0

i i

t t t

i i i i i i i

t t t t

i

t
t i

t

e N h

h I e h

e
I

e



   

−

− − −

−
−

−

= + + +

 
= 



 

In Equation (4), th  represents pure exchange rate volatility, as it is derived from 

the residual term obtained after controlling for macroeconomic fundamentals and 

global common risk factors. te  is the error term, and the subscript i  represents 

China, Japan, and South Korea. 

To investigate the volatility spillover effects of exchange rates among China, 

Japan, and South Korea (CNY, JPY, KRW), we employed a time-varying parameter 

vector autoregression (TVP-VAR) model. This framework, widely popularized by 

Primiceri (2005) for its ability to capture dynamic interdependencies in variables, 

allows for structural changes in the transmission mechanism over time. The model 

parameters were estimated using the multi-move Gibbs sampling algorithm 

developed by Carter and Kohn (1994), which ensures the efficient simulation 

smoothing of state variables. However, to prevent model overfitting and maintain 

stability of the estimation stability, we adopted a specification by which the variance-

covariance matrix of the error terms remains time-invariant. 
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The observation equation of the TVP-VAR(p) model for vector 
ty , comprising 

three endogenous variables, is expressed as follows: 

(5)    ,1

p

t t j t t j tj
y c B y −=
= + +  

In Equation (5), [ , , ]'t t t t t t ty h of CNY h of JPY h of KRW=  , ,j tB   is the ( 3 3  ) 

coefficient matrix at time t  , and 
tc   is the ( 3 1  ) constant vector. Here, p  

denotes the lag length.14  The error term t   is assumed to follow a multivariate 

normal distribution with a mean of zero and a covariance matrix  . 

To reformulate the equation above into a state-space model, we define all time-

varying parameters as a single vector t  . Letting 
'

3t tX I x=    (where tx   is a 

vector containing the constant term and lagged variables), the observation equation 

can be concisely expressed as follows: 

(6)       , ~ . . . (0, )t t t t ty X i i d N  = +   

In Equation (6), t   represents an ( 1m  ) vector containing all regression 

coefficients of the model, where 3(3 1)m p= +   (the total number of estimated 

parameters including the constants terms). The time-varying parameter t   is 

assumed to follow a random walk process, as described in the following state equation: 

(7)       1 , ~ . . . (0, )t t t tu u i i d N Q  −= +  

In Equation (7), Q   is the ( m m  ) state covariance matrix, acting as a key 

hyperparameter that determines the time-variation of the parameters. If the elements 

of Q  are close to zero, the parameters t  remain nearly constant over time, and 

the model converges to a constant coefficient VAR. 

To estimate the unobserved latent variable t  and the parameters   and Q  

simultaneously, we applied the Bayesian Markov chain Monte Carlo (MCMC) 

methodology. In particular, we employed the Gibbs sampling algorithm to avoid 

high-dimensional integration problems and to ensure efficient sampling. For the 

prior distribution, we used the inverse Wishart distribution, which acts as a conjugate 

prior. The specific estimation procedure is as follows: 

 

Step 1. Sampling of the time-varying coefficient t  

 

Given   and Q , the conditional posterior distribution of t  takes the form of 

a linear Gaussian state-space model. In this study, t  was drawn by applying the 

simulation smoothing algorithm proposed by Carter and Kohn (1994). 

 
14According to the information criteria, the optimal lag length was determined to be p=1. In the empirical 

analysis, we adopted this setting to prevent model overfitting and to maintain stability of the estimation, thereby 

ensuring a parsimonious representation of the dynamic interactions among the variables. 
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Step 2. Sampling the error covariance matrix   

 

We employ the inverse Wishart distribution 
0 0( , )SIW v S   as the prior for   . 

Given 
t  , we can calculate the observation error t t t ty X = −  . Because the 

posterior distribution of   follows an inverse Wishart distribution, it is sampled as 

follows: 

(8)     
0

'

0 1
| , ~ ( , )

T

S t tt
Y IW v T S  

=
+ +   

Step 3. Sampling the state covariance matrix Q  

 

We employ the inverse Wishart distribution 
0 0( , )SIW v S  as the prior for Q . Q  

is sampled using the state equation errors, which are defined as 1t t tu   −= −  for 

2, ,t T=  . 

(9)    
0

'

0 2
| ~ ( ( 1), )

T

Q t tt
Q IW v T Q u u

=
+ − +  

 

IV. Empirical Results 
 

Table 3 shows maximum likelihood estimates of the mean equation for exchange 

rate changes and the variance equation for exchange rate volatility, according to the 

GJR-GARCH model. We also present here the empirical results of a model that employs 

the GEPU index, in addition to the VIX, as part of a robustness check. In interpreting 

the results, we take as the benchmark the model including the VIX, which is 

identified as the preferred specification based on both the AIC and BIC criteria. 

With regard to the mean equation, the CNY/USD rate is significantly affected by 

the short-term interest rate differential. In other words, when China’s short-term 

interest rates rise or U.S. short-term interest rates fall, leading to an increase in the 

short-term interest rate differential between the U.S. and China, the Chinese yuan 

appreciates against the U.S. dollar. This result aligns with the expected sign. The 

COVID-19 dummy variable had a negative effect on the CNY/USD rate, although it 

is not statistically significant, contrary to the JPY/USD and KRW/USD cases, 

indicating an appreciation of the Chinese yuan against the U.S. dollar during the 

COVID-19 period. This appears to be partly due to differences in the monetary 

policies between the U.S. and China during that period. The Federal Reserve in the 

U.S. implemented aggressive monetary easing by lowering the federal funds rate 

from 1.5–1.75% to 0.0–0.25% in March of 2020, shortly after the COVID-19 

outbreak, and maintained near-zero interest rates until March of 2022, when the rate 

was raised to 0.25–0.5%. In contrast, the People’s Bank of China made a modest cut 

from 4.05% to 3.85% in April of 2020 and held the rate at 3.70% until July of 2022. 

The M2 money supply differential, industrial production differential, long-term 

interest rate differential, and the VIX did not have a statistically significant impact 

on the CNY/USD exchange rate. 
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TABLE 3—MAXIMUM LIKELIHOOD ESTIMATES OF GJR-GARCH MODEL 

Variable CNY/USD JPY/USD KRW/USD 

Constant 
0.145 

(0.513) 
0.756 

(1.512) 
1.406 

(0.896) 
3070* 
(1.713) 

-2.678*** 
(0.883) 

-0.679 
(1.647) 

dM2 
-0.904 

(1.214) 

-0.935 

(1.252) 

-3.180 

(2.965) 

-6.972** 

(3.251) 

5.780*** 

(1.922) 

6.695*** 

(1.983) 

dIP 
-0.646 
(1.045) 

-0.521 
(1.041) 

0.346 
(1.168) 

0.407 
(1.078) 

0.410 
(1.292) 

1.097 
(1.325) 

dTBSR 
-0.194*** 

(0.064) 

-0.204*** 

(0.076) 

0.072 

(0.083) 

-0.158 

(0.125) 

0.101 

(0.125) 

0.046 

(0.059) 

dTBLR 
0.017 

(0.112) 

0.030 

(0.122) 

-0.359 

(0.230) 

-0.351 

(0.215) 

-0.226 

(0.261) 

-0.002 

(0.170) 

lnVIX 
0.068 

(0.181) 
- 

-0.819*** 
(0.240) 

- 
0.933*** 
(0.322) 

- 

lnEPU - 
-0.083 

(0.286) 
- 

-0.845*** 

(0.332) 
- 

0.099 

(0.317) 

dummy 
-0.286 
(0.277) 

-0.231 
(0.270) 

0.471** 
(0.235) 

0.373* 
(0.218) 

0.200 
(0.261) 

0.537** 
(0.217) 

α0 
0.000 

(0.000) 

0.000 

(0.000) 

0.179** 

(0.086) 

0.305*** 

(0.060) 

0.194 

(0.142) 

0.240** 

(0.118) 

ARCH(α1) 
0.000 

(0.000) 

0.000 

(0.000) 

0.103 

(0.100) 

0.188 

(0.153) 

0.102 

(0.067) 

0.118 

(0.082) 

GARCH(α2) 
0.960*** 

(0.011) 

0.960*** 

(0.011) 

0.503*** 

(0.135) 

0.291*** 

(0.108) 

0.612*** 

(0.220) 

0.499*** 

(0.191) 

Leverage(γ) 
0.078*** 

(0.023) 

0.079*** 

(0.023) 

0.401** 

(0.191) 

0.459* 

(0.247) 

0.137 

(0.178) 

0.295 

(0.232) 

Log likelihood -212.400 -212.424 -223.224 -225.850 -220.700 -224.947 

AIC 438.80 438.84 460.44 465.70 455.40 463.89 

BIC 460.79 460.84 482.43 487.69 477.39 485.88 

Note: 1) Numbers in parentheses are the standard errors; 2) ***, **, and * denote statistical significance at the level 
of 1%, 5% and 10%, respectively. 

 

 

The JPY/USD exchange rate is significantly affected by the VIX and the COVID-

19 dummy variable. An increase in global risk aversion, indicated by a rise in the 

VIX, leads to an appreciation of the Japanese yen against the U.S. dollar as demand 

for the Japanese yen increases due to investors’ preference for safe-haven assets. In 

addition, the COVID-19 dummy variable shows a depreciation effect on the 

JPY/USD. This suggests that the COVID-19 pandemic had a negative impact on 

Japan’s macroeconomy, leading to a depreciation of the Japanese yen against the US 

dollar. The M2 money supply differential, industrial production differential, long-

term interest rate differential, and short-term interest rate differential did not show a 

statistically significant impact on the JPY/USD exchange rate. 

With regard to the KRW/USD exchange rate, the M2 money supply differential 

and the VIX registered a statistically significant impact. When Korea’s M2 money 

supply increases or the U.S. M2 money supply decreases, the Korean won depreciates 

against the U.S. dollar. Additionally, when global financial risks increase, international 

investors tend to prefer safe-haven assets, leading to a decline in the value of the 

Korean won against the U.S. dollar, which is considered a currency of an emerging 

economy. The industrial production differential, short-term interest rate differential, 

long-term interest rate differential, and the COVID-19 dummy variable also did not 

have statistically significant effects on the KRW/USD exchange rate. 
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(a) Effects of the JPY/USD rate on the CNY/USD rate 

 
 

(b) Effects of the KRW/USD rate on the CNY/USD rate 

 
FIGURE 2. TIME-VARYING PARAMETER ESTIMATES FOR THE CNY/USD EXCHANGE RATE VOLATILITY 

 

 

In the variance equation, for the CNY/USD/ and the JPY/USD exchange rates, 

both the GARCH term and leverage term (   ), are statistically significant. This 

implies that the volatility of these currencies exhibits characteristics such as 

persistence and leverage effects. Regarding the KRW/USD exchange rate, the 

GARCH term ( 2 ) is statistically significant. This suggests that the volatility of the 

KRW/USD exchange rate is primarily driven by GARCH factors. 

Figure 2 shows the time-varying effects of JPY/USD and KRW/USD exchange 

rate volatility on the CNY/USD exchange rate volatility. As shown in Figure 2 (a), 

the volatility in the JPY/USD exchange rate has a statistically significant effect on 

the volatility of the yuan/dollar exchange rate during the periods of May 2018–

January 2019 and September 2021–September 2023. Notably, the JPY/USD exchange 

rate volatility is found to significantly amplify the CNY/USD exchange rate 

volatility in the period surrounding the outbreak of the Russia–Ukraine war. Figure 

2 (b) shows that the volatility in the KRW/USD exchange rate increases significantly 

the CNY/USD exchange rate volatility across considerable periods of time, 

specifically November 2011–June 2012, August 2012–March 2014, and June 2014–

April 2019. 
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(a) Effects of the CNY/USD rate on the JPY/USD rate 

 
 

(b) Effects of the KRW/USD rate on the JPY/USD rate 

 
FIGURE 3. TIME-VARYING PARAMETER ESTIMATES FOR THE JPY/USD EXCHANGE RATE VOLATILITY 

 

 

Figure 3 illustrates the time-varying effects of CNY/USD and KRW/USD 

exchange rate volatility on the JPY/USD exchange rate volatility. In Figure 3(a), the 

effects of both the CNY/USD and KRW/USD exchange rate volatility on the 

JPY/USD volatility appear to be limited over the full sample period. Regarding the 

CNY/USD volatility, it increases the JPY/USD volatility significantly only in 

December of 2014; however, during most other periods, such as March–April 2012 

and November 2012–June 2013, it tends to reduce the JPY/USD volatility. The 

KRW/USD volatility decreases the JPY/USD volatility significantly over the period 

of October 2022–April 2023. These findings suggest that, unlike the Chinese yuan 

or the Korean won, the Japanese yen continues to function to some extent as a global 

safe-haven currency.  

Figure 4 presents the time-varying effects of CNY/USD and JPY/USD exchange 

rate volatility on the KRW/USD exchange rate volatility. As shown in Figure 4 (a), 

the CNY/USD exchange rate volatility appears to have a statistically significant 

effect on the KRW/USD exchange rate volatility throughout a substantial number of 

time periods, including December 2012–February 2013, April–May 2014, and 

March 2022–September 2023. In Figure 4 (b), the JPY/USD exchange rate volatility  
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(a) Effects of the CNY/USD rate on the KRW/USD rate 

 
 

(b) Effects of the JPW/USD rate on the KRW/USD rate 

 
FIGURE 4. TIME-VARYING PARAMETER ESTIMATES FOR THE KRW/USD EXCHANGE RATE VOLATILITY 

 

 

has a significant impact on the KRW/USD exchange rate volatility from May of 2012 

to December of 2014. 

In addition, Table 4 shows the statistically significant period, number of months, 

and longest duration of the exchange rate volatility spillover effects among the three 

currencies, as derived from Figure 2, Figure 3, and Figure 4. This allows for a 

comparison of the frequency and persistence of exchange rate volatility spillover 

effects in the foreign exchange markets among the three countries. In this paper, 

frequency is measured using the number of months with significant spillover effects, 

and persistence is assessed by the longest duration of significant months. 

Regarding the spillover effects of exchange rate volatility between the CNY/USD 

rate and the JPY/USD rate, the JPY/USD rate showed a significant effect over 34 

months, with the longest duration being 25 months, while the longest durations for 

the CNY/USD rate were only eleven months and eight months. For the exchange 

rate volatility spillovers between the KRW/USD rate and the CNY/USD rate, while 

there were more statistically significant months and the longest duration, both the 

frequency and persistence of the spillover effects were greater or longer from the 

KRW/USD rate to the CNY/USD rate compared to the opposite case. As it were, the  
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TABLE 4—STATISTICALLY SIGNIFICANT PERIODS, NUMBER OF MONTHS AND THE LONGEST DURATION 

OF THE EXCHANGE RATE VOLATILITY SPILLOVER EFFECTS 

 Statistically significant periods Number of months Longest duration 

JPY → CNY 
May 2018 – January 2019 (nine months) 

September 2021 – September 2023 (25 months) 
34 25 

CNY → JPY 

March 2012 – April 2012 (two months) 

November 2012 – June 2013 (eight months) 
December 2014 (one month) 

11 8 

KRW → CNY 

November 2011 – June 2012 (eight months) 

August 2012 – March 2014 (20 months) 
June 2014 – April 2019 (59 months) 

87 59 

CNY → KRW 

December 2012 – February 2013 (three months) 

April 2014 – May 2014 (two months) 
March 2022 – September 2023 (19 months) 

24 19 

KRW → JPY October 2022 – April 2023 (seven months) 7 7 

JPY → KRW May 2012 – December 2014 (32 months) 32 32 

 

 

frequency and persistence for the KRW/USD rate were 87 months and 59 months, 

respectively, compared with 24 months and 19 months for the CNY/USD rate. With 

respect to the exchange rate volatility spillover effects between the JPY/USD rate 

and the KRW/USD rate, both the frequency and persistence were higher from the 

JPY/USD to the KRW/USD rate. Specifically, both the frequency and persistence of 

the KRW/USD rate were seven months, whereas those of the JPY/USD rate were 32 

months. These results indicate that the volatility of the CNY/USD exchange rate is 

affected to a greater extent by fluctuations in the KRW/USD and JPY/USD exchange 

rates than it affects them in return. This asymmetric relationship is attributable to 

China’s foreign exchange market regulations and daily exchange rate band 

constraints, which tend to dampen the transmission of CNY/USD volatility to 

neighboring foreign exchange markets. Moreover, the role of the Korean won as a 

hedging currency against the Chinese yuan, together with the strengthened status of 

the Japanese yen as a global safe-haven currency, may contribute to this asymmetry 

further. In addition, the relatively strong spillover effects observed between the 

Korean and Chinese foreign exchange markets, compared with those between China 

and Japan or Korea and Japan, are likely to reflect the substantial real economic 

linkages between Korea and China, as well as their common features of emerging 

market currencies. 

 

 

V. Conclusion 
 

China, Japan, and South Korea, located in the East Asian region, hold significant 

shares in global GDP and trade, making them key players in the world economy. 

These three countries are also geographically and economically interlinked. This 

implies that volatility in one country’s financial and foreign exchange markets can 

immediately and persistently impact the markets of the other countries. This paper 

analyzes the time-varying spillover effects of exchange rate volatility among the 

three countries from January of 2010 to March of 2024. We specifically aim to 
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examine the pure spillover effects of exchange rate volatility by controlling for 

country-specific macroeconomic fundamentals and global common risk factors, 

based on the well-known monetary exchange rate determination theory. Furthermore, 

using the TVP-VAR model, we investigate not only the dynamic effects of volatility 

spillover over time but also asymmetric effects between the countries. 

The main empirical results can be summarized as follows. First, using the GJR-

GARCH model, we identified the determinants of exchange rate changes for the 

CNY/USD, JPY/USD, and KRW/USD rates. These determinants varied across the 

three countries. The CNY/USD rate is influenced by the short-term interest rate 

differential with the U.S. The JPY/USD rate is affected by the VIX and the COVID-

19 dummy. The KRW/USD rate is impacted by the difference in the money supply 

change rate with the U.S. and the VIX. The VIX increased exchange rates for 

KRW/USD and CNY/USD,15 while it decreased exchange rates for JPY/USD. This 

indicates that as global financial risks rise, international investors tend to prefer a 

safe-haven currency such as the Japanese yen, which leads to the depreciation of 

emerging market currencies such as the Chinese yuan and Korean won. Second, the 

exchange rate volatility of the three countries exhibited characteristics of persistence 

(GARCH effects for CNY/USD, JPY/USD, and KRW/USD) and asymmetry 

(leverage effects for CNY/USD and JPY/USD). Third, regarding the time-varying 

spillover effects of exchange rate volatility between the three countries’ foreign 

exchange markets, the spillover effects of exchange rate volatility between the three 

countries demonstrated some differences in terms of timing, frequency, and persistence.  

These analysis results show that, even after controlling for each country’s macro 

fundamentals and global common risk factors, the foreign exchange markets of the 

three major East Asian countries, geographically and economically close, can still 

influence each other. These characteristics of exchange rate volatility transmission 

effects among the three countries suggest that in order to maintain stability in their 

foreign exchange markets, each country must monitor and respond swiftly to the 

expectations and behaviors of participants in neighboring foreign exchange markets, 

and to institutional changes, along with macro fundamentals and global common risk 

factors.  

 
15For the CNY/USD exchange rate, this was not statistically significant.  
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