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The Impact of Financial Stability Policies on  
Korea Treasury Bond Yields 

By JONG SOO HONG AND MEEROO KIM* 

This paper examines the effects of macroprudential regulations 

implemented in the Republic of Korea on Korea Treasury bond (KTB) 

yields. While macroprudential regulations primarily aim to enhance 

financial stability by mitigating systemic risks, they can also indirectly 

affect bond market dynamics by altering the demand for safe assets. 

Specifically, this study analyzes the impacts of two significant financial 

stability measures introduced in the Republic of Korea following the 

Global Financial Crisis: restrictions on securities firms' call borrowing 

and the phased implementation of the liquidity coverage ratio (LCR) for 

banks. Empirical findings indicate that restricting securities firms' call 

borrowing to within 25% of their equity capital and subsequently 

excluding them from the call market substantially increased their 

demand for KTBs, cumulatively reducing KTB yields by approximately 

10.8 to 12.5 basis points. Furthermore, the phased implementation of 

the LCR regulation increased banks’ demand for KTBs, resulting in an 

additional cumulative decrease in KTB yields of approximately 6.1 to 

7.3 basis points. These findings underscore the necessity for 

policymakers to carefully consider the potential implications for bond 

markets and broader financial market spillover when introducing or 

adjusting macroprudential measures. 
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 I. Introduction 

 

acroprudential regulations are designed to safeguard the financial system by 

ensuring both the soundness of financial institutions and the stability of 

markets as a whole. Following the 2008–2009 Global Financial Crisis (GFC), 

various new regulations were introduced or reinforced worldwide. These included 
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capital and liquidity requirements for banks (e.g., Basel III) as well as rules targeting 

non-bank financial institutions to reduce systemic risks.  

Although these measures typically aim to bolster financial stability, they also can 

have indirect effects on the demand for safe assets such as government bonds. For 

example, restricting a particular short-term funding channel for securities firms can 

push them to expand their repo-based funding, which requires Treasury bonds as 

collateral. Likewise, requiring commercial banks to hold sufficient high-quality 

liquid assets (HQLA) could increase their demand for government bonds, thereby 

influencing bond yields. 

In the Republic of Korea, two prominent macroprudential actions merit special 

attention: 
 

1. Call market restrictions for securities companies:  

Gradually tightening rules on securities firms’ call borrowing, ultimately barring 

most non-bank institutions from the call market in 2015. 

2. Liquidity coverage ratio (LCR) requirement for banks:  

Phased introduction, starting with an 80% minimum requirement in 2015, with 

this rising to 100% by 2019, requiring banks to hold sufficient liquid assets such 

as Treasury bonds to cover 30-day net cash outflows. 
 

Both regulations had an explicit financial-stability rationale, yet their design also 

affected Treasury bond demand. This study quantitatively examines how these 

policies impacted the yield of KTBs. We apply an augmented Dynamic Nelson–

Siegel (DNS) model for the yield curve, incorporating macroeconomic variables and 

policy dummy variables to measure changes before and after the corresponding 

regulations took effect. 

Our findings show that restricting securities firms’ access to the call market led to 

a noticeable shift to repo transactions, pushing KTB yields down by 10.8 to 12.5 

basis points. Moreover, as the LCR was gradually implemented for banks, the 

demand for risk-free securities rose, lowering KTB yields by an additional 6.1 to 7.3 

basis points. These outcomes imply that authorities designing macroprudential 

instruments should also consider the broader market ramifications, including their 

influence on government bond yields and monetary policy transmission. 

The remainder of the paper is organized as follows: Section 2 summarizes key 

theoretical and empirical studies in the literature. Section 3 outlines the institutional 

background of the analyzed regulations. Section 4 presents the MF-DNS framework 

and MCMC estimation. Section 5 discusses the empirical results, and Section 6 

offers concluding remarks. 

 

 

II. Literature Review 
 

The GFC spurred extensive research into the fragility of short-term funding 

markets, especially repurchase agreements and other collateralized lending markets. 

Once viewed as safe and liquid, repo markets were found to exacerbate liquidity 

stress when collateral values deteriorated. For example, Brunnermeier and Pedersen 

(2008) show how market liquidity and funding liquidity can interact in a 

destabilizing feedback loop. Bernanke (2009) likewise highlighted the systemic risk 
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arising from lightly regulated short-term funding channels in a post-crisis policy 

address. Empirically, Gorton and Metrick (2012) document that the collapse of 

“securitized banking” (heavy reliance on repo financing) was central to the financial 

panic. Studies of repo and money markets (e.g., Copeland et al., 2011; Boissel et al., 

2014; Infante et al., 2020; Huh and Infante, 2021) further demonstrate that even fully 

collateralized lending can become unstable when lenders lose confidence or margins 

are hiked abruptly. 

In the Korean context, the GFC precipitated reforms in domestic short-term 

funding markets as well. Authorities moved to reduce non-bank institutions’ reliance 

on unsecured call loans and to encourage repo transactions for secured funding. Baek 

et al. (2015) find that these measures significantly reshaped the Korean money 

market, improving its overall resilience while increasing reliance on collateralized 

borrowing repo. Studies of the call loan market (e.g., Kim and Lee, 2008; Im, 2010) 

have shown that changes in participant composition and central bank operations can 

materially influence call rates and their volatility. These works underscore how 

structural adjustments in funding markets—often motivated by stability concerns—

can alter the behavior of market interest rates. 

A central challenge in term structure research is to incorporate macroeconomic 

fundamentals into yield curve modeling (Ang, Piazzesi, and Wei, 2006). The 

Dynamic Nelson–Siegel (DNS) framework introduced by Diebold, Rudebusch, and 

Aruoba (2006) provides a parsimonious representation of the yield curve with three 

latent factors—level, slope, and curvature. This framework can be extended to 

include observed factors; for instance, macro-finance versions of DNS (often termed 

MF-DNS) allow macroeconomic variables to influence the evolution of yield curve 

factors. Such models have been used to study how monetary policy and economic 

conditions affect yields. 

In terms of bank liquidity regulation, the Basel III reforms introduced two key 

ratios: the LCR for short-term liquidity and the net stable funding ratio (NSFR) for 

longer-term funding stability. The LCR requires banks to hold a minimum proportion 

of HQLA (including government bonds) to cover projected 30-day cash outflows. 

Bindseil and Lamoot (2011) and Bech and Keister (2014) suggest that meeting the 

LCR could drive banks to adjust asset holdings, potentially increasing the demand 

for government bonds. Empirical evidence is emerging: Bonner and Eijffinger 

(2012) find that anticipation of the LCR impacted interbank markets, while Hoerova 

et al. (2018) evaluate the costs and benefits of liquidity regulations on bank lending 

and market rates. However, few studies have directly examined the LCR’s effect on 

sovereign bond yields—a gap our study aims to fill. In the Korean literature, Shin 

(2014) discussed the interaction of LCR rules with monetary policy operations, and 

Park (2020) documented that tightening liquidity requirements influenced banks’ 

lending behavior (both studies in Korean). These insights motivate our analysis of 

how liquidity regulations, by shifting financial institutions’ asset demand, can 

influence the term structure of interest rates. 

 

Yield Curve Models and Bank Liquidity Regulation 

 

A classic challenge for researchers studying term structure is how to incorporate 

macroeconomic fundamentals. The Dynamic Nelson–Siegel (DNS) model (Diebold, 
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Rudebusch, and Aruoba, 2006) uses three latent factors—level, slope, curvature—to 

capture the overall shape of the yield curve, while also allowing for straightforward 

expansions that can include macro variables (e.g., GDP growth, monetary policy 

indicators). 

On the liquidity regulation front, the Basel III framework introduced the LCR 

requirement, obliging banks to hold enough HQLA to withstand 30 days of net cash 

outflows. Research indicates that LCR can affect banks’ asset allocation and possibly 

prompt them to hold more government bonds (Bindseil and Lamoot, 2011). 

Empirical work (Bonner and Eijffinger, 2012; Hoerova et al., 2018) suggests that 

LCR can reshape short-term market dynamics and the pricing of bank funding, but 

few studies address its direct impact on sovereign yield curves—an analytical gap 

this study aims to fill. 

 

 

III. Background 
 

A. Securities Firms’ Call Market Restrictions 
 

Table 1 presents changes in key institutional arrangements related to Korea’s 

major short-term financial markets. 

Restrictions on securities firms' participation in the call market progressed as 

follows. Initially, on July 27, 2010, the government announced that call borrowing 

by securities firms would be limited to 100% of their equity capital, implementing 

this regulation from October 1, 2010. Figure 1 demonstrates that securities firms' call 

borrowing ratios relative to equity capital (hereafter referred to as the call borrowing 

ratio) were already below 100% before the regulation. However, following the 

announcement (①) and implementation (②), the average and median ratios steadily 

declined. Numbers ① to ⑥ represent the sequence of announcements or 

implementations of regulations on securities firms’ call market participation. 

Additionally, although the maximum value of call borrowing ratios temporarily rose 

in the quarter immediately following implementation, it subsequently exhibited a 

downward trend. 

Subsequently, the government announced on June 22, 2011 (③) that it would 

reduce the securities firms’ call borrowing limit further to 25% of equity capital, 

implementing this measure on July 12, 2012 (④). Before the reduction 

announcement in the second quarter of 2011, the average and median borrowing 

ratios slightly increased, but from the third quarter of 2011 onward, a consistent 

decline was observed. The distribution of securities firms’ call borrowing ratios 

decreased sharply. The maximum call borrowing ratio among securities firms was 

93.6% in the first quarter of 2010 but dropped to 40.5% by the third quarter of 2012 

when the 25% regulation was implemented. 

Finally, on November 22, 2013 (⑤), the government declared the exclusion of 

secondary financial institutions from the call market, implementing this rule from 

February 24, 2015 (⑥). After the regulatory announcement in the fourth quarter of 

2013, declines in both the average and median call borrowing ratios accelerated 

significantly compared to the period before the announcement. Although the 
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distribution of ratios did not change substantially immediately following the 

announcement (⑤), it fell dramatically after implementation (⑥). At the time of the 

announcement in the fourth quarter of 2013, the highest call borrowing ratio among 

securities firms was 46.4%, but this dropped sharply to 18.6% by the second quarter 

of 2015, following implementation. 

Since the prohibition of call transactions for non-bank financial institutions in 

March of 2015, the volume of domestic call transactions has continued to decline, 

stabilizing at an average daily level of approximately ten trillion KRW. Meanwhile, 

the domestic Repurchase Agreement (RP) market has consistently expanded following 

 

 
TABLE 1—MAJOR INSTITUTIONAL CHANGES IN THE SHORT-TERM FINANCIAL MARKET IN KOREA 

Regulation Features 
Implementation 

Date 

Call Market 

Call Market Regulation 

① Announced cap on securities firms' call borrowing to 100% of equity 

② Regulation implemented 

③ Announced cap on securities firms' call borrowing to 25% of equity 

④ Regulation implemented 

⑤ Announced de facto exclusion of non-bank financial institutions from  

call market 

⑥ Regulation implemented 

Jul. 27, 2010 

Oct. 1, 2010 

Jun. 22, 2011 

Jul. 12, 2012 

Nov. 22, 2013 

Feb. 24, 2015 

Enactment and 

enforcement of the Act on 

the Management of 

Financial Market 

Benchmarks (Financial 

Market Benchmark Act) 

Specification of calculation rules for benchmark administration and 

establishment of the Key Benchmark Oversight Committee 
Nov. 2020 

CD Market 

Certificate of Deposit (CD) 

Reforms to enhance 
transparency in market rate 

determination and 

supervisory regulation 

- Broader supply of benchmark CDs (from 91-day to 80–100-day maturities) 

- Differential risk weights for benchmark and non-benchmark CDs in deposit- 

loan ratio 
- Loosening MMF asset composition limits to expand demand for benchmark 

CDs 

- Introduction of a phased CD rate calculation method 

Feb. 2021 

RP Market 

Reform to activate on-

exchange RP trading 

Allowing on-exchange RP market participation by institutional investors 

previously limited to over-the-counter (OTC) trading (e.g., pension funds); 

expansion of eligible collateral and removal of substitution restrictions on 

pledged securities 

Mar. 2019 

Amendment to the 

Enforcement Decree of the 
Financial Investment 

Services and Capital 

Markets Act and revision 

of regulations on financial 

investment business 

Mandatory holding of a certain proportion of liquid assets by RP sellers to 
mitigate rollover risk and enhance market stability 

- Phase 1 (Jul. 1–30, 2020): Overnight (1%), Term (0%)  

- Phase 2 (Aug. 1, 2020–Apr. 30, 2021): Overnight (10%), Term (3–5%) 

- Phase 3 (Since May 1, 2021): Overnight (20%), Term (5–10%) 

Jul. 2020 

Amendment to the 

Enforcement Decree of the 

Financial Investment 

Services and Capital 

Markets Act and 

introduction of minimum 

margin guideline 

- Differentiation of minimum margin requirements for RP buyers based on 

transaction risk 

- Setting minimum margin ratios by adding credit risk-based margins of 

sellers to collateral-specific margin rates 

Sep. 2020 
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(Unit: %) 

 
FIGURE 1. SECURITIES FIRMS’ CALL BORROWING RATIOS RELATIVE TO THEIR EQUITY CAPITAL 

Note: ① Announcement of reduction in securities firms’ call borrowing limit to within 100% of their equity capital 
(July 27, 2010); ② Implementation of the 100% limit (October 1, 2010); ③ Announcement of further reduction 
in call borrowing limit to within 25% of equity capital (June 22, 2011); ④ Implementation of the 25% limit (July 
12, 2012); ⑤ Announcement of complete exclusion of secondary financial institutions from the call market 
(November 22, 2013); ⑥ Implementation of the exclusion (February 24, 2015). 

Source: Financial Supervisory Service, Financial Statistics Information System. 

 

 

government reforms in the call market, with the average daily outstanding volume 

reaching 147.53 trillion KRW as of August of 2022, an increase of 12.73 trillion 

KRW compared to the same month in the previous year. Figure 2 illustrates the 

average daily outstanding volume of inter-institutional RP purchases. Examining the 

short-term series reveals that RP transactions have steadily increased following the 

Bank of Korea’s market stabilization measures, including RP purchases initiated in 

April of 2020 to address financial market stability and liquidity concerns amid 

COVID-19. 

Observing the steady increase in RP transactions depicted in Figure 2, we analyzed 

the phenomenon in which securities firms expanded their participation in the 

Repurchase Agreement (RP) market due to restrictions on their participation in the 

call market, as detailed in the analysis below. This development represents the initial 

phase of increased government bond demand and a subsequent reduction in 

government bond yields resulting from policies designed to enhance short-term 

money market stability. With their participation in the call market restricted, 

securities firms sought alternative funding channels, prompting greater involvement 

in the RP market. Unlike the call market, which facilitates borrowing without 

collateral, the RP market requires collateral, predominantly government bonds, 

which account for approximately 65% of the collateral utilized. 

We provided empirical evidence through a difference-in-differences analysis to 

demonstrate the increase in RP market participation by securities firms due to 

restrictions on their participation in the call market. The call market participation 

restriction policy was implemented in three phases: initially limiting participation to  
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(Unit: trillion KRW) 

Long-term Time Series Short-term Time Series 

 
 

FIGURE 2. AVERAGE DAILY OUTSTANDING AMOUNT OF INTER-INSTITUTIONAL REPO PURCHASES 

Note: 1) The dashed lines in the long-term time series indicate key regulatory events related to RP transactions: 
① Prohibition of call transactions by non-bank financial institutions (Mar. 2015), ② Phase 1 of mandatory liquidity 
asset holdings (Jul. 1–31, 2020), ③ Phase 2 (Aug. 1, 2020 – Apr. 30, 2021), ④ Phase 3 (since May 1, 2021 – present); 
2) The dashed lines in the short-term time series correspond to the same regulatory phases as ②–④ in Note 1. 

Source: Korea Securities Depository, Yonhap Infomax. 

 

 

no more than 100% of equity capital (October 1, 2010), subsequently restricting it to 

no more than 25% of equity capital (July 12, 2012), and finally excluding 

participation in the call market entirely (February 24, 2015). Because there was no 

available data for the first phase (October 1, 2010 – December 2011), we focused on 

analyzing the period during which participation was restricted to 25% of equity 

capital. 

In the difference-in-differences regression analysis, securities firms directly 

affected by the policy formed the treated group, while asset management firms 

unaffected by the policy served as the control group. For unbiased estimates from 

this method, the parallel trends assumption between the treated and control groups 

needed to be satisfied. Figure 3 illustrates trends in the average daily RP sales (one-

month moving average) by securities firms and asset management firms before and 

after the implementation of the 25% equity capital restriction policy. As depicted, 

prior to the policy, the average daily RP sales volumes of both groups moved parallel 

with a consistent gap. However, following the policy implementation, there was a 

significant increase in the RP sales volume by securities firms. 

A similar pattern was observed in relation to the complete exclusion of call market 

participation. Approximately two years after the implementation of the policy 

restricting call market participation to no more than 25% of equity capital, the level 

difference in call market participation between the treated and control groups 

expanded further. However, a situation arose again where the parallel trends 

assumption was satisfied. Subsequently, the complete exclusion policy from the call 

market was implemented, leading once more to a significant increase in the RP 

market participation gap between the treated and control groups. 

Based on these observations, we employed a difference-in-differences regression 

analysis to estimate the extent of increased RP market participation resulting from 

these policies. In addition to the restrictions on securities firms’ call market  
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(Unit: trillion KRW) 

 
FIGURE 3. RP PURCHASE TRENDS OF SECURITIES FIRMS AND ASSET MANAGEMENT COMPANIES 

Note: The blue line represents the moving average (k = 61) of RP purchases by securities firms, and the red line 
represents the moving average (k = 61) of RP purchases by asset management companies. The dotted vertical 
line indicates the regulatory implementation date considered in the analysis, July 12, 2012. 

Source: Bond Information Center, Korea Financial Investment Association. 

 

 

participation, our analysis also incorporated various macroeconomic and financial-

market-related variables that could influence funding demand through RP sales by 

securities firms and asset management companies. Among these, economic growth 

rates, industrial production indices, and inflation rates reflect macroeconomic 

conditions, while previous-day yields of the 3-year government bonds and CDS 

premiums represent financial market conditions. To avoid reverse-causality issues 

stemming from the correlation between RP sales volumes and demand for 3-year 

government bonds, we utilized the previous day’s yield. The difference-in-

differences regression analysis model is formulated as follows: 

, 0 1 2 3 4 , ,i t regulation treatment regulation treatment i t i tY D D D D X v    = + + + + +  

The analysis results indicated that restricting securities firms' participation in the 

call market to no more than 25% of their equity capital led to an increase in their 

average daily RP sales volume by approximately 2.1 trillion KRW (Table 2). An 

increase of 2.1 trillion KRW in daily RP sales implies a corresponding rise in the 

demand for securities used as collateral, primarily government bonds, by 

approximately 1.365 trillion KRW (2.1 trillion KRW * 0.65). Given that the yield of 

2-year government bonds reflects expectations over the following two years, it is 

also essential to consider extending the analysis period to two years following policy 

implementation. Table 3 presents the analysis results over this extended two-year 

period. According to these findings, the daily average RP sales volume of securities 

firms increased by approximately 5.0 trillion KRW over the two years after the 

implementation of the 25% equity capital restriction. Consequently, the increased  
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TABLE 2—DIFFERENCE-IN-DIFFERENCE REGRESSION RESULTS OF RP PURCHASES BY SECTOR 

OVER 180 BUSINESS DAYS FOLLOWING THE REGULATION IMPLEMENTATION 

Independent Variables 
Dependent Variable: RP Purchases by Sector (in trillion KRW) 

Model 1 Model 2 Model 3 

Regulation Dummy * Treatment Group 
2.107*** 2.107*** 2.107*** 

(0.146) (0.119) (0.115) 

Regulation Dummy 
-0.312*** -0.716*** -0.922*** 

(0.103) (0.088) (0.092) 

Treatment Group (Securities Firm Dummy) 
3.782*** 3.782*** 3.782*** 

(0.137) (0.112) (0.109) 

GDP 
0.0001*** 0.00004***  

(0.00001) (0.00001)  

Index of All Industry Production 
0.013** 0.018***  

(0.006) (0.006)  

Consumer Price Index (CPI) 
0.199*** 0.135*  

(0.076) (0.077)  

CDS Premium 
0.003*   

(0.001)   

3-Year Treasury Bond Yield 
-0.747***   

(0.12)   

Constant 
1.240*** -39.417*** -24.600*** 

(0.097) (4.46) (6.272) 

Observations 564 564 564 

R-squared 0.965 0.976 0.978 

Note: 1) Standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1; 2) The analysis period spans the dates of 
January of 2012 to April 2, 2013, covering 180 business days following the implementation of the regulation. 

 

 
TABLE 3—DIFFERENCE-IN-DIFFERENCE REGRESSION RESULTS OF RP PURCHASES BY SECTOR 

OVER 720 BUSINESS DAYS FOLLOWING THE REGULATION IMPLEMENTATION 

Independent Variables 
Dependent Variable: RP Purchases by Sector (in trillion KRW) 

Model 1 Model 2 Model 3 

Regulation Dummy * Treatment Group 
4.998*** 4.998*** 4.998*** 

(0.805) (0.505) (0.479) 

Regulation Dummy 
0.517 -3.074*** -3.748*** 

(0.569) (0.368) (0.363) 

Treatment Group (Securities Firm Dummy) 
3.782*** 3.782*** 3.782*** 

(0.789) (0.495) (0.469) 

GDP 
0.0002*** 0.0001***  

(0.00001) (0.00001)  

Index of All Industry Production 
0.021 0.060***  

(0.013) (0.014)  

Consumer Price Index (CPI) 
-0.123 0.966***  

(0.144) (0.177)  

CDS Premium 
0.025***   

(0.004)   

3-Year Treasury Bond Yield 
-3.008***   

(0.221)   

Constant 
1.240** -46.403*** -104.922*** 

(0.558) (10.372) (13.336) 

Observations 1,644 1,644 1,644 

R-squared 0.656 0.865 0.879 

Note: 1) Standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1; 2) The analysis period spans the dates of 
January of 2012 to June 11, 2015, covering 720 business days following the implementation of the regulation. 
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demand for securities, including government bonds, due to the call market participation 

restriction is estimated to be at least 3.25 trillion KRW (5 trillion KRW * 0.65). 

 

B. Bank LCR Requirement 
 

Following the Global Financial Crisis of 2008-09, the Basel Committee on 

Banking Supervision (BCBS) introduced regulations to strengthen banks' liquidity 

management. These regulations consist of the liquidity coverage ratio (LCR), which 

addresses short-term liquidity management, and the net stable funding ratio (NSFR), 

which targets medium- to long-term liquidity stability. 

Specifically, the LCR regulation requires banks to maintain a certain proportion 

of high-quality liquid assets to cover net cash outflows over a 30-day stress period. 

The definition of the LCR regulation is as follows: 

High liquidity assets

Net cash outflows over the next 30 calendar days (One month period as applied domestically)
LCR =  

The introduction of policies related to the liquidity coverage ratio (LCR) 

proceeded as described below. In December of 2010, the Basel Committee on 

Banking Supervision (BCBS) introduced a draft of Basel III, adding two liquidity 

regulations—the liquidity coverage ratio (LCR) and the net stable funding ratio 

(NSFR)—to the existing Basel II framework, which focused primarily on bank 

capital ratio regulations. Initially, the draft mandated banks to maintain an LCR of at 

least 100% starting from January of 2015. However, in January of 2013, BCBS 

relaxed this requirement, setting the LCR at 60% in January of 2015 with a planned 

annual increment of 10%, reaching full compliance by 2019. 

Following this, major economies announced their implementation plans for Basel 

III, and the Korea government also adopted the LCR regulations in stages. In August 

of 2014, Korean financial authorities announced amendments to banking supervision 

regulations, stipulating that, effective January 1, 2015, domestic banks were required 

to maintain an LCR of at least 100%. This standard was stricter than the revised 

BCBS guidelines, reflecting the fact that many banks in Korea were already 

maintaining an LCR above 100%. This stricter standard likely stemmed from Korea's 

existing regulations on the Korean won liquidity ratio (liquid assets/liquid liabilities 

with maturities of one month or less), similar to the LCR (Bank of Korea, 2014). 

However, in December of 2014, the authorities relaxed the LCR requirement to 80%, 

announcing incremental annual increases of five percentage points until reaching full 

compliance by 2019. 

Subsequently, the LCR requirement remained at 100% until April of 2019, when 

the Korean government relaxed the LCR regulations in response to the COVID-19 

crisis. Specifically, the financial authorities temporarily lowered the minimum LCR 

requirement from 100% to 85% for six months, enabling banks to utilize their high-

quality liquid assets as a means of crisis response (Financial Services Commission 

and Financial Supervisory Service, “Measures for Flexibility in Financial 

Regulations in Response to COVID-19,” announced April 16, 2020). This temporary 

easing of the LCR regulations, initially set to expire in September of 2020, was  
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TABLE 4—TIMELINE OF THE INTRODUCTION AND ADJUSTMENT OF LCR REGULATIONS 

Date Key Features of the LCR Regulation 

Aug. 27, 2014 

Initial Announcement of LCR Implementation 

① Commercial Banks: Minimum LCR requirement set to 100% starting in January of 2015. 

② Branches of Foreign Banks: Gradual phase-in from 20% in 2015, increasing by ten 

percentage points annually to reach 60% by 2019. 

* Applied at a lower level with gradual increases, taking into account the potential for 

rapid liquidity outflows during crises and the need for regulatory acceptance. 

③ Specialized Banks: Gradual phase-in from 60% in 2015, increasing by ten percentage 

points annually until reaching 100% by 2019. 

* Reflecting the policy-lending nature of these institutions and aligning with Basel standards. 

Dec. 24, 2014 

Amendment of the ‘Regulation on Supervision of Banking Business’ and official introduction 

of the LCR 

* The introduction of the LCR requirement for banks was officially announced in January 

of 2015. 

Compared to the initial plan released in August of 2014, the final implementation schedule 

was relaxed somewhat. 

(Before revision): LCR for commercial banks set to 100% starting January of 2015 

(After revision): LCR set to 80% in January of 2015, with an annual increase of five percentage 

points, reaching 100% by 2019 

Jan. 1, 2015 
The minimum LCR requirement was set to 80%, with an annual increase of five percentage 

points until reaching 100% by 2019. 

Apr. 16, 2020 

‘COVID-19-Related Temporary Easing of LCR Requirements’ 

The Financial Services Commission (FSC) actively exercised its authority to adjust the LCR 

regulatory thresholds in response to the pandemic, lowering both the FX LCR and the total 

LCR requirements through September of 2020. 

① FX LCR: Reduced from 80% to 70% until the end of September 

② Total LCR: Reduced from 100% to 85% until the end of September 

* Under Articles 26 (KRW LCR) and 63-2 (FX LCR) of the Regulation on Supervision of 

Banking Business, the FSC may adjust the LCR requirements for a period of up to six 

months in cases of significant economic disruption or for public welfare purposes. 

Aug. 26, 2020 Extension of the eased LCR requirements by six months (Sep. 2020 → Mar. 2021) 

Mar. 9, 2021 Second extension by six months (Mar. 2021 → Sep. 2021) 

Sep. 29, 2021 Third extension by six months (Sep. 2021 → Mar. 2022) 

Mar. 2022 

Announcement of Gradual Normalization of Temporary Financial Regulatory Relief Measures. 

Following a three-month grace period, the normalization of the eased LCR requirements 

began at the end of June of 2022. 

① FX LCR: Temporary relief measures ended after June 

② Total LCR: Gradual normalization initiated after June 

Oct. 20, 2022 
Implementation of the Gradual Normalization of Temporary Financial Regulatory Relief Measures 

Deferral of LCR Normalization Measures 

 

 

extended three times, each for six months, lasting until March of 2022. 

From June of 2022, authorities initiated a gradual normalization, planning to raise 

the minimum LCR level to 92.5% by the end of December of 2023 and 100% by 

July of 2023. However, in October of 2022, the bond market was significantly 

impacted by the risk of default stemming from Gangwon Province’s Legoland 

project. Consequently, authorities postponed the normalization plan—which aimed 

to increase the LCR minimum requirement to 92.5% by the end of December of 

2022—by six months, extending the deadline to June of 2023 (refer to Table 4). We 

expect such rules to boost demand for KTBs. 
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FIGURE 4. DISTRIBUTION, MEAN, AND MEDIAN OF LCRS FOR COMMERCIAL BANKS (2015-2019) 

Note: 1) ⓐ Announcement of the introduction of the liquidity coverage ratio (LCR) (August 27, 2014), ⓑ 
Revision announcement reducing the initial LCR requirement from 100% to 80% (December 24, 2014), ⓒ 
Implementation of the 80% LCR requirement (January 1, 2015), ⓓ Implementation of the 85% LCR requirement 
(January 1, 2016), ⓔ Implementation of the 90% LCR requirement (January 1, 2017), ⓕ Implementation of the 
95% LCR requirement (January 1, 2018), ⓖ Implementation of the 100% LCR requirement (January 1, 2019); 2) 
Commercial banks include Kookmin, Shinhan, Woori, Hana, Standard Chartered Korea, Citibank Korea, Korea 
Exchange Bank (defunct), Kyongnam, Kwangju, Daegu, Busan, Jeonbuk, and Jeju Bank; 3) The light blue shaded 
area indicates the portion of banks with LCR ≥ 100%; 4) The yellow shaded area indicates the portion of banks with 
LCR < 100%; 5) The red dashed line represents the regulatory LCR threshold over time. 

Source: Financial Supervisory Service, Financial Statistics Information System. 

 

 

Figure 4 highlights in yellow shading the gap banks needed to close to reach the 

final liquidity coverage ratio (LCR) target of 100%. While the majority of banks, on 

average, met the LCR requirements, the figure indicates that some banks still needed 

to purchase additional high-quality liquid assets, such as Korea Treasury bonds, to 

fully comply with the LCR regulation. 

 

 

IV. Methodology 
 

A. Model Specification: MF-DNS Model 
 

Before introducing the Macro-Factor Dynamic Nelson-Siegel (MF-DNS) model, 

we briefly describe the standard Dynamic Nelson-Siegel (DNS) model, which does 

not consider macroeconomic variables. This introduction provides an understanding 

of yield curve modeling using latent factors and subsequently expands to the MF-

DNS model incorporating macroeconomic variables. 

In the basic DNS model, the yield curve at a given time is determined by three 

factors: the level, slope, and curvature, represented as follows: 
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  

In equation (1), ( )t iy   denotes the yield at time t  on a bond with maturity i , 

for 1, , .i N=   The factors tl , ts , and tc  denote the level, slope, and curvature 

factors, respectively. 

The factor loadings for level, slope, and curvature are denoted as and are defined 

by 

(2)       
1 1

( ) 1
e e

e
 


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− −
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These factor loadings allow interpretations of tl , ts , and tc  as the level, slope, 

and curvature. The first factor loading is 1, indicating that the level factor uniformly 

affects all maturities, typically interpreted as the level factor. The second factor loading 

converges from 1 to 0 as the maturity   increases, meaning it is larger for shorter 

maturities and is thus interpreted as the slope factor influencing the short-to-long-term 

interest rate differential. The speed at which this slope factor loading converges to 0 is 

governed by the decay parameter  . 

The third factor loading initially increases with the maturity and then declines 

toward zero, thus strongly influencing medium-term maturities and being interpreted 

as the curvature factor. The measurement error is assumed to follow a normal 

distribution, with a diagonal covariance matrix. 

In the MF-DNS model, considering macroeconomic variables, the three yield 

curve factors ( tl  , ts  , tc  ) depend on their lagged values and contemporaneous 

macroeconomic variables tm , represented as follows: 

(3)   1t ff t fm t tf G f G m v −= + + +  

Here, ( , , )t t t tf l s c=   and tv   follow a normal distribution (0, )N    without 

restrictions on the covariance matrix. 

Equations (1) and (3) can be expressed in a state-space form as measurement and 

transition equations: 

Measurement equation: 

(4)        t t ty f e+ +  

Transition equation:  
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(5)   1t ff t fm t tf G f G m v −= + + +  

The measurement error and the transition error are assumed to be independent. 

The impact of macroeconomic variables on current yields can thus be derived as 

shown below. 

(6)     
t t t

fm

t t t

y y f
G

m f m

  
= =

  
 

 

B. Model Estimation Method 
 

The parameters for the estimation of the measurement equation (3) and transition 

equation (4) are  , G , and  , collectively denoted as  . 

This study uses Bayesian estimation to estimate these parameters. Previous studies 

employing the MF-DNS model commonly use either maximum likelihood 

estimation (MLE) or Bayesian methods. With many exogenous macroeconomic 

variables in the MF-DNS model, the number of parameters can lead to severe local 

maxima issues in the MLE case. Therefore, Bayesian estimation is applied here. 

The prior distributions are specified as follows. Each diagonal element of the 

measurement-error covariance matrix   follows an inverse gamma distribution. 

The intercept vector    and coefficient matrix G   follow normal distributions, 

whereas the transition-error covariance matrix    follows an inverse Wishart 

distribution. The prior hyperparameters follow Kim and Hong (2022), as detailed in 

Appendix Table C1. 

 

C. MCMC Estimation Process 
 

Given the initial parameter values, posterior distributions are sampled using 

Markov Chain Monte Carlo (MCMC) simulations. The burn-in period for the MCMC 

simulation consists of 100 iterations, followed by 1,000 posterior samplings. The 

MCMC steps are summarized below, with detailed steps provided in Appendix C: 

 

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

states G  by means of Gibbs sampling. 

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

Step 3: Given the sampled Y  and X , sample the covariance matrices  . 

Step 4: Given Y ,  , G , and m , sample the latent factors using the Carter and 

Kohn (1994) algorithm. 
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V. Analysis and Discussion 
 

A. Data 
 

Figure 5 shows the trend in Korea Treasury bond (KTB) issuance yields by 

maturity at the time of the repo market regulations. Non-bank repo regulations began 

with an institutional improvement announcement on July 27, 2010, which restricted 

securities firms’ call borrowing to within 100% of their equity capital. These 

restrictions were progressively tightened over approximately five years, culminating 

in the complete exclusion of secondary financial institutions from the call market on 

February 24, 2015. 

Meanwhile, Figure 6 illustrates the trend in KTB issuance yields by maturity at 

the time of the liquidity coverage ratio (LCR) regulations. The banking sector LCR 

regulation was first announced on August 27, 2014, initially setting the minimum 

LCR level at 100%. However, this requirement was relaxed to an 80% minimum 

level, effective from January 1, 2015. Subsequently, the minimum LCR level was 

increased annually by five percentage points until January 1, 2019. Additionally, the 

LCR requirements were partially relaxed in 2020 due to liquidity supply constraints 

resulting from the COVID-19 pandemic. 

Figure 7 illustrates the monthly trends in Korea government bond issuance. As 

clearly depicted, prior to the onset of COVID-19 in 2019, the issuance of government 

bonds amounted to 101.5 trillion KRW. However, from 2020 onward, government 

 

 
(Unit: %) 

 
FIGURE 5. KOREA TREASURY BOND (KTB) ISSUANCE YIELDS BY MATURITY (2010-2015) 

Note: ① Announcement of reduction in securities firms’ call borrowing limit to within 100% of equity capital (July 
27, 2010), ② Implementation of the 100% limit (October 1, 2010), ③ Announcement of the further reduction in 
call borrowing limit to within 25% of equity capital (June 22, 2011), ④ Implementation of the 25% limit (July 12, 
2012), ⑤ Announcement of the complete exclusion of secondary financial institutions from the call market 
(November 22, 2013), ⑥ Implementation of the exclusion (February 24, 2015). 

Source: Financial Supervisory Service, Financial Statistics Information System. 
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(Unit: %) 

 
FIGURE 6. KOREA TREASURY BOND (KTB) ISSUANCE YIELDS BY MATURITY (2015-2019) 

Note: ⓐ Announcement of the liquidity coverage ratio (LCR) introduction (August 27, 2014), ⓑ Revision 
announcement reducing the initial LCR requirement from 100% to 80% (December 24, 2014), ⓒ Implementation 
of the 80% LCR requirement (January 1, 2015), ⓓ Implementation of the 85% LCR requirement (January 1, 2016), 
ⓔ Implementation of the 90% LCR requirement (January 1, 2017), ⓕ Implementation of the 95% LCR 
requirement (January 1, 2018), ⓖ Implementation of the 100% LCR requirement (January 1, 2019). 

Source: Financial Supervisory Service, Financial Statistics Information System. 

 

 
(Unit: trillion KRW) 

 
FIGURE 7. KOREA TREASURY BOND ISSUANCE (2015-2021) 

Source: Ministry of Economy and Finance (Korea), Korea Treasury Bond Market Website. 
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bond issuance surged dramatically to 180.5 trillion KRW annually due to 

expansionary fiscal policies aimed at mitigating the economic impact of COVID-19. 

In this context, primary dealers (PDs) of government bonds were obligated to 

underwrite at least 10% of the tendered volume and had the right to purchase up to 

30% of the tendered amount. In 2020, banks such as KB Kookmin Bank, IBK 

Industrial Bank, Nonghyup Bank, Hana Bank, and Standard Chartered Bank Korea 

served as PDs, inevitably increasing banks' holdings of government bonds.  

In our empirical analysis, we include government bond issuance as a control 

variable in the analytical model to account for the effects of increased bond issuance 

and the corresponding rise in bond holdings by banks. The introduction of financial 

stability regulations affects liquidity demand, in turn affecting bond yields. Typically, 

an increase in the bond issuance volume indicates greater demand for funds, resulting 

in higher bond yields. This relationship was analyzed earlier in Kim and Hong 

(2022). Therefore, if bond issuance volumes were not controlled, the introduction of 

financial stability regulations, which increase the liquidity supply, may not reflect a 

corresponding decrease in bond yields. Consequently, the bond issuance volume is 

included as an additional control variable in this study. 

Table 5 provides the basic descriptive statistics pertaining to the variables used in  

 

 
TABLE 5—SUMMARY STATISTICS OF MF-DNS FACTORS 

 

Full Period (2010–2019) 2010~End 2014 2015~End 2019 

Obs. Mean 
Std. 

Dev. 
Min Max Obs. Mean 

Std. 

Dev. 
Min Max Obs. Mean 

Std. 

Dev. 
Min Max 

Treasury 

Bond Yields 

(%) 

2-year 2476 2.39 0.794 1.11 4.39 1244 3.09 0.472 2.03 4.39 1232 1.69 0.253 1.11 2.23 

3-year 2476 2.45 0.831 1.09 4.44 1244 3.17 0.514 2.08 4.44 1232 1.73 0.287 1.09 2.32 

5-year 2476 2.67 0.940 1.12 4.98 1244 3.46 0.637 2.23 4.98 1232 1.88 0.345 1.12 2.6 

10-year 2476 2.94 1.011 1.17 5.43 1244 3.78 0.707 2.59 5.43 1232 2.11 0.382 1.17 2.82 

20-year 2476 3.05 1.061 1.15 5.65 1244 3.94 0.720 2.78 5.65 1232 2.16 0.394 1.15 2.85 

30-year 1803 2.58 0.713 1.14 4.05 571 3.46 0.348 2.86 4.05 1232 2.18 0.405 1.14 2.95 

Treasury Bond Issuance  

(KRW trillion) 
2476 7.76 1.632 2.84 10.75 1244 7.06 1.218 2.84 9.46 1232 8.48 1.685 3.6 10.75 

Bank of Korea Base 

Rate (%) 
2476 2.07 0.674 1.25 3.25 1244 2.65 0.422 2 3.25 1232 1.48 0.203 1.25 2 

Federal Funds Rate (%) 2476 0.60 0.745 0.13 2.38 1244 0.13 0.000 0.13 0.13 1232 1.08 0.808 0.13 2.38 

U.S. Treasury 

Yield (%) 
10-year 2476 2.40 0.554 1.37 4.01 1244 2.54 0.627 1.43 4.01 1232 2.27 0.431 1.37 3.24 

Commercial 

Paper (CP) 

Rate (%) 

91-days 2476 2.41 0.722 1.5 3.74 1244 3.05 0.420 2.24 3.74 1232 1.76 0.163 1.5 2.32 

Call Rate (%) 1 day 2476 2.06 0.679 1.16 3.31 1244 2.65 0.426 1.9 3.31 1232 1.47 0.206 1.16 2.01 

Consumer Price Index 

(CPI) 
2476 94.18 3.949 85.35 100.22 1244 91.03 2.791 85.35 94.55 1232 97.36 1.838 94.59 100.22 

Index of All Industry 

Production 
2476 100.13 7.320 82.8 121.8 1244 95.14 4.816 82.8 108.8 1232 105.18 5.800 91 121.8 

KOSPI 2466 2035.00 192.240 1552.79 2598.19 1239 1923.73 125.562 1552.79 2228.96 1227 2147.34 182.323 1829.81  2598.19 

Source: Author’s calculations based on data from the Bank of Korea Economic Statistics System, Financial 

Supervisory Service Financial Statistics Information System, and Korea Securities Depository OTC Repo Statistics 

(as of December of 2016 and February of 2022). 
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the MF-DNS analysis from 2010 to the end of 2019. To specifically analyze the 

impact of the LCR regulation announcement on interest rates, descriptive statistics 

were separated into pre-regulation (2010-end of 2014) and post-regulation (2015-

end of 2019) periods. The total number of observations for the entire period (2010–

2019) is 2,476, limited to business days. The number of observations for 30-year 

KTBs differs because issuance began on September 11, 2012. On average, KTB 

issuance yields increase with maturity. 

Because KTB yields generally correlate with policy rate movements, this analysis 

also considered Korea and U.S. policy rates. Additional explanatory variables 

included the 10-year U.S. Treasury yield, commercial paper (CP) rates (91-day), call 

rates (overnight), consumer price index, industrial production index, and KOSPI 

index. 

 

B. Effects of Restricting Securities Firms’ Call Market Participation 
 

This study analyzes the impact of regulations restricting call borrowing by 

securities firms on Korea Treasury bond (KTB) yields, specifically examining how 

each stage of announcement and implementation affected yields. We estimated 

changes in bond yields across maturities around key announcement and 

implementation dates of the call borrowing restrictions, as presented in Figures 3 and 

4. To achieve this, policy dummy variables were added to the Macro-Factor Dynamic 

Nelson–Siegel (MF-DNS) model alongside various macroeconomic variables. 

Additionally, to isolate the effects of the regulatory interventions from other 

potentially influential factors, we limited our analysis to a short event window of 

three months before and after each regulatory event. 

The standard Dynamic Nelson–Siegel (DNS) model explains changes in yield 

curves solely based on three latent factors: the level, slope, and curvature. However, 

the MF-DNS model expands upon this by incorporating macroeconomic variables, 

allowing for analysis of yield curve shifts caused by these additional channels. When 

these macroeconomic variables include dummy variables representing specific 

events, it becomes possible to quantify their impact on the yield curve through 

changes in the level, slope, and curvature factors. 

The regulations under analysis include the policy limiting securities firms' call 

borrowing to 25% of their equity capital (announced on June 22, 2011 and 

implemented on July 12, 2012) and the complete restriction on secondary financial 

institutions' participation in the call market (announced on November 22, 2013 and 

implemented on February 24, 2015). Prior to these, a 2010 regulation limited call 

borrowing to 100% of equity capital. However, because no securities firm exceeded 

the 100% limit at the time, this earlier regulation is not expected to have significantly 

impacted KTB demand and yields. 

 

1. Analysis of the Impact of the 25% Call Borrowing Restriction on Securities Firms 

 

This section presents the analysis of how limiting securities firms' call borrowing 

to 25% of their equity (the “25% Call Borrowing Restriction”) influenced the KTB 

yield curve. The analysis covers a period of three months before the regulation 
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announcement and three months after its implementation. Dummy variables 

representing the period between the announcement (June 22, 2011) and 

implementation (July 12, 2012) and the period after implementation were 

incorporated into the MF-DNS model alongside macroeconomic variables. 

 
a) MF-DNS Parameter Estimation Results 

Table 6 presents the parameter estimation results of the MF-DNS model, including 

macroeconomic variables and the KTB issuance volume, to analyze the effects of 

the 25% call borrowing restriction. It is noteworthy that these results reflect the 

model controlling for the issuance volume. In contrast, the estimation results of the 

model without controlling for the KTB issuance volume are provided in Appendix 

Table A3. Both models contain identical macroeconomic variables aside from the 

inclusion of the bond issuance volume, and both tables provide mean parameter 

estimates and posterior distributions.. 

Results considering bond issuance (Table 6) indicate that the announcement and 

implementation of the 25% call borrowing restriction primarily influenced the slope 

and level factors of the yield curve. Specifically, the estimated coefficient for the 

slope factor at the announcement stage is 0.0117, while the estimated coefficient for 

the level factor at the implementation stage is -0.0878. Both coefficients are 

statistically significant. Estimates excluding bond issuance also display similar 

statistical significance (Appendix Table A3). The slope coefficient at announcement 

(0.0127) is larger than the coefficient excluding bond issuance (0.0117), whereas the 

level coefficient at implementation (-0.0856) is slightly smaller than that without 

bond issuance control (-0.0878). 

According to equation (6), the impact of an event on bond yields according to the 

maturity date is determined by multiplying the factor loadings by the G matrix. Thus, 

despite differences in signs among the level, slope, and curvature estimates, the 

direction of their combined impact on yields can remain consistent. For example, 

considering the 3-year KTB (  = 36 months), using the decay parameter ( ) of 

0.0609 from previous studies, the factor loadings for the slope and curvature factors 

are 0.405 and 0.293, respectively, while the level factor loading is 1. 

Multiplying these loadings by the estimated coefficients from Table 6 provides the 

impacts on the 3-year KTB yield, showing values of -0.0878 (level), 0.0016 (slope), 

and 0.0030 (curvature). Thus, the 25% call borrowing restriction reduced the 3-year 

bond yield primarily through the level factor, whose absolute impact was 

significantly greater than those of the slope and curvature factors. Combining these 

effects, the total estimated impact on the 3-year bond yield at the time of 

implementation is -0.0832, consistent with the estimates in Table 7. 
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TABLE 7—MF-DNS ANALYSIS RESULTS: INTEREST RATE CHANGES UNDER THE 25% CALL BORROWING 

LIMIT (RELATIVE TO SECURITIES FIRMS’ EQUITY) WITH ISSUANCE VOLUME CONTROL 

Regulation Maturity Mean Std. Dev. 5% 50% 95% 

Announcement of the 
25% Call Borrowing 

Limit Regulation 

2-year -0.0048 0.0107 -0.0222 -0.0046 0.0128 

3-year -0.0063 0.0107 -0.0236 -0.0061 0.0115 

5-year -0.0081 0.0107 -0.0256 -0.0081 0.0101 

10-year -0.0099 0.0109 -0.0275 -0.0099 0.0084 

20-year -0.0108 0.0110 -0.0291 -0.0108 0.0072 

Implementation of the 

25% Call Borrowing 

Limit Regulation 

2-year -0.0824 0.0168 -0.1098 -0.0821 -0.0553 

3-year -0.0832 0.0169 -0.1109 -0.0830 -0.0557 

5-year -0.0845 0.0171 -0.1126 -0.0844 -0.0571 

10-year -0.0861 0.0173 -0.1145 -0.0860 -0.0589 

20-year -0.0869 0.0174 -0.1155 -0.0868 -0.0596 

Note: 1) The data analysis period spans the dates of April 27, 2011 to August 10, 2012; 2) The 25% call borrowing 

limit regulation was announced on May 27, 2011 and implemented on July 12, 2012. 

 

 
b) Effects of the 25% Call Borrowing Restriction on Bond Yields by Maturity 

Table 7 presents the results of the analysis of the 25% call borrowing restriction's 

impact on yields across maturities, revealing that limiting securities firms' call 

borrowing to 25% of their equity substantially reduced KTB yields, with the impact 

more pronounced during the implementation phase. As previously noted, the 

estimation results without controlling for the KTB issuance volume are provided in 

Appendix Tables A1 and A2. 

Specifically, implementation of the 25% call borrowing restriction lowered yields 

across all maturities by approximately 8.24–8.69 basis points, with these results 

being statistically significant as well (5–95% credible interval). Meanwhile, the 

announcement phase resulted in a relatively small reduction of about 0.48–1.08 basis 

points, with weaker statistical significance compared to the implementation phase. 

In total, restricting securities firms' call borrowing to 25% of equity capital 

cumulatively decreased bond yields by approximately 8.72–9.77 basis points. 

Notably, the reduction in yields was more significant during implementation 

compared to the time of announcement, suggesting a delayed shift from call 

borrowing to repo-based funding, characteristic of short-term funding market 

dynamics. 

The difference-in-differences (DiD) analysis results in Table 2 and 3 reveal that 

the implementation of the 25% call borrowing limit, relative to securities firms' 

equity, resulted in an increase of approximately KRW 5 trillion in securities firms' 

fund-raising through repo (RP) transactions over two years. Given that 

approximately 65% of RP transactions are collateralized by KTBs, the increased 

KTB demand specifically due to collateralization needs can be estimated at 

approximately KRW 3.25 trillion (KRW 5 trillion × 0.65). Thus, an increase in KTB 

supply of KRW 1 trillion corresponds to an estimated reduction in KTB yields by 

approximately 2.7 to 3.0 basis points (bp). This result aligns closely with findings in 
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Kim and Hong (2022), where a KRW 1 trillion increase in KTB issuance (representing 

demand) was associated with an approximate rise of 3.2 to 4.3 bp in KTB yields. 

These findings provide insights into the elasticity of KTB yields in response to 

changes in market supply and demand. 

 

2. Analysis of the Complete Restriction on Securities Firms’ Call Market Participation 

 

We also examine the effects of completely restricting secondary financial 

institutions’ participation in the call market (the “Complete Call Market Restriction”) 

on KTB yields. The analysis period encompasses three months before the 

announcement and three months after the implementation. Dummy variables 

indicating the period between the announcement (November 22, 2013) and the 

implementation (February 24, 2015), and the period after implementation, were 

included in the MF-DNS model with macroeconomic variables to assess their effects 

on bond yields. As in the previous section, detailed MF-DNS parameter estimates 

with issuance-volume control are reported in Appendix Table A5. 

Table 8 presents the analysis results of the impact of the “Complete Call Market 

Restriction” on bond yields by maturity. These results indicate that both the 

announcement and the implementation of this restriction significantly reduced bond 

yields. Specifically, the announcement phase reduced yields by approximately 1.17–

1.88 basis points across all maturities, showing statistical significance (5–95% 

credible interval). Meanwhile, the implementation phase led to an additional yield 

decline in the approximate range of 0.68–0.82 basis points, also statistically 

significant. 

In total, the Complete Call Market Restriction cumulatively decreased bond yields 

by approximately 2.03–2.7 basis points. This reduction was notably larger during  

 

 
TABLE 8—MF-DNS ANALYSIS RESULTS: INTEREST RATE CHANGES BEFORE AND AFTER THE 

ANNOUNCEMENT AND IMPLEMENTATION OF THE PRINCIPLED EXCLUSION OF SECURITIES FIRMS FROM THE 

CALL MARKET WITH ISSUANCE VOLUME CONTROL 

Regulation Maturity Mean Std. Dev. 5% 50% 95% 

Announcement of the 

Principled Exclusion of 

Securities Firms from 

Call Borrowing 
(November 22, 2013) 

2-year -0.0068 0.0040 -0.0135 -0.0067 -0.0002 

3-year -0.0079 0.0042 -0.0149 -0.0078 -0.0008 

5-year -0.0082 0.0045 -0.0158 -0.0082 -0.0006 

10-year -0.0078 0.0049 -0.0160 -0.0076 0.0004 

20-year -0.0075 0.0052 -0.0161 -0.0074 0.0012 

Implementation of the 
Principled Exclusion of 

Securities Firms from 

Call Borrowing 
(February 24, 2015) 

2-year -0.0188 0.0072 -0.0310 -0.0186 -0.0071 

3-year -0.0186 0.0078 -0.0314 -0.0185 -0.0057 

5-year -0.0166 0.0086 -0.0308 -0.0163 -0.0026 

10-year -0.0135 0.0096 -0.0293 -0.0135 0.0021 

20-year -0.0117 0.0102 -0.0286 -0.0118 0.0050 

Note: 1) The data analysis period spans the dates of December 28, 2012 to March 24, 2015; 2) The principled 

exclusion of securities firms from participation in the call market was announced on November 22, 2013 and 
implemented on February 24, 2015. 
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implementation compared to the corresponding announcement, mirroring earlier 

findings regarding the 25% call borrowing restriction. This suggests that securities 

firms gradually transitioned from call borrowing to repo-based funding, thereby 

influencing bond yields more substantially at the time of actual regulatory 

implementation. 

 

C. Effects of LCR Introduction on Banks 
 

We also examine the impact of three key events related to the introduction and 

initial implementation of the liquidity coverage ratio (LCR) regulation in 2014-2015: 

(1) the announcement of the LCR implementation (August 27, 2014), (2) the 

approval of revisions to banking supervisory regulations (December 24, 2014), and 

(3) the enactment of the LCR regulation (January 1, 2015). Specifically, the changes 

in Korea Treasury bond yields relative to the period before the LCR announcement 

(August 27, 2014) were estimated for each event. Dummy variables representing 

each event were added to the Macro-Factor Dynamic Nelson–Siegel (MF-DNS) 

model along with macroeconomic variables to isolate the impact of the regulatory 

announcements on bond yields. To control for external factors beyond regulatory 

changes, the analysis period was limited to within three months before and after each 

regulatory event. As in the previous sections, detailed MF-DNS parameter estimates 

with issuance-volume control are reported in Appendix Table A7. 

Table 9 summarizes the estimated impact of the three LCR-related events—the 

announcement of the LCR implementation (August 27, 2014), the approval of 

revisions to banking supervisory regulations (December 24, 2014), and the 

enactment of the LCR regulation (January 1, 2015)—on Korea Treasury bond yields 

across maturities. The analysis shows that all three events consistently decreased 

yields across all maturities. Specifically, bond yields decreased by approximately 

1.97–2.33 basis points following the announcement of LCR implementation, by 

3.00–3.09 basis points after the approval of the banking supervisory regulation 

revisions, and by 1.15–1.92 basis points upon LCR implementation. These figures 

represent shifts in the demand curve for bonds after controlling for the bond issuance 

volume and other macroeconomic variables. 

The analysis also indicates that the shorter the bond maturity, the greater the yield 

reduction following the LCR regulation announcement. For example, 2-year and 3-

year bond yields decreased by 2.33 and 2.29 basis points, respectively, greater 

reductions compared to the 10-year bond yield decline (2.06 basis points). In 

comparison, yields on 20-year and 30-year bonds decreased by approximately 1.99 

and 1.97 basis points, respectively, indicating smaller differences compared to the 

10-year bond. 

This suggests that the LCR introduction potentially increased the demand for 

shorter-term bonds (maturing in less than five years) more than longer-term bonds 

(ten years or more). Due to their shorter-term liabilities (primarily deposits), banks 

have greater incentives to hold shorter-maturity treasury bonds for asset-liability 

management (ALM) purposes. 
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TABLE 9—MF-DNS ANALYSIS RESULTS: INTEREST RATE CHANGES BEFORE AND AFTER THE 

ANNOUNCEMENT AND IMPLEMENTATION OF THE LCR REGULATION WITH ISSUANCE VOLUME CONTROL 

Regulation Maturity Mean Std. Dev. 5% 50% 95% 

Announcement of the 
Introduction of the  

LCR Regulation 

(August 27, 2014) 

2-year -0.0233 0.0101 -0.0399 -0.0229 -0.0066 

3-year -0.0229 0.0101 -0.0398 -0.0226 -0.0064 

5-year -0.0219 0.0102 -0.0389 -0.0215 -0.0052 

10-year -0.0206 0.0104 -0.0381 -0.0205 -0.0034 

20-year -0.0199 0.0106 -0.0379 -0.0198 -0.0027 

30-year -0.0197 0.0106 -0.0378 -0.0196 -0.0023 

Approval of the 

Amendment to the 

Banking Supervision 
Regulation 

(December 24, 2014) 

2-year -0.0300 0.0171 -0.0579 -0.0298 -0.0006 

3-year -0.0303 0.0172 -0.0575 -0.0304 -0.0010 

5-year -0.0306 0.0173 -0.0576 -0.0309 -0.0014 

10-year -0.0308 0.0174 -0.0584 -0.0309 -0.0013 

20-year -0.0309 0.0176 -0.0586 -0.0309 -0.0014 

30-year -0.0309 0.0176 -0.0587 -0.0310 -0.0014 

Implementation of the  

LCR Regulation 

(January 1, 2015) 

2-year -0.0115 0.0199 -0.0448 -0.0109 0.0199 

3-year -0.0130 0.0199 -0.0466 -0.0122 0.0183 

5-year -0.0152 0.0200 -0.0484 -0.0141 0.0165 

10-year -0.0175 0.0201 -0.0512 -0.0165 0.0144 

20-year -0.0188 0.0202 -0.0528 -0.0176 0.0136 

30-year -0.0192 0.0202 -0.0532 -0.0180 0.0133 

Note: The data analysis period spans May 28, 2014, to January 30, 2015. 

 

 

VI. Conclusion 
 

This paper analyzed the effects of two notable macroprudential measures on Korea 

Treasury bond yields: (1) restrictions on securities firms’ call market borrowing, and 

(2) the phased introduction of the LCR liquidity requirement for banks. Using a 

Bayesian macro-finance Nelson–Siegel model of the yield curve augmented with 

policy-event indicators, we found that both types of regulation significantly lowered 

KTB yields, especially at shorter maturities. 

Quantitatively, the call market restrictions on securities companies—initially 

capping call loans at 25% of equity and then later banning non-bank call borrowing 

altogether—put cumulative downward pressure of about 10–12 basis points on KTB 

yields. The effects were more pronounced at the points of actual policy 

implementation rather than initial announcement, suggesting that market 

adjustments (such as the switch to repo funding) occurred when the rules took force. 

In contrast, the LCR liquidity rule for banks generated an immediate yield decline of 

roughly 6–7 basis points around its announcement and formalization, with banks 

anticipating the need to hold more government bonds. The largest LCR-related yield 

moves occurred when the regulation was confirmed (with an 80% initial threshold) 

in late 2014, whereas the actual January 2015 implementation had a smaller 
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incremental effect. We also observed that shorter-term bond yields fell slightly more 

than long-term yields in response to the LCR, consistent with banks’ preference for 

shorter-duration HQLA to meet the requirement. 

These findings demonstrate that financial-stability policies can inadvertently 

influence safe asset markets and interest rate term structures. Such influences are not 

necessarily undesirable—indeed, they reflect a safer banking system and robust 

demand for government debt—but they do highlight the need for coordination. 

Monetary authorities, prudential regulators, and public debt managers should be 

aware of each other’s actions. For example, if a new liquidity rule is expected to spur 

banks to load up on government bonds, central banks may adjust open-market 

operation strategies or consider the implications of monetary transmission. 

Conversely, in situations where regulatory constraints risk impairing market 

functioning (as seen in extreme cases such as the U.K. bond turmoil of 2022 or U.S. 

Treasury market stresses), regulators may temporarily relax rules or refine them to 

avoid destabilizing feedback loops. 

In short, our study suggests that macroprudential tools—while aimed at 

safeguarding financial stability—have measurable cross-market effects that warrant 

attention. Policymakers should design and implement these tools with an awareness 

of their ripple effects on sovereign bond markets, striving to preserve overall stability 

without unintended side effects on interest rates or asset allocation. Future research 

could extend this analysis to other regulatory interventions (e.g., the NSFR or 

leverage ratio requirements) and to other countries’ bond markets so as to reach a 

more comprehensive understanding of how modern financial regulations shape the 

demand for and pricing of safe assets. 
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TABLE A2—MF-DNS ANALYSIS RESULTS ON INTEREST RATE CHANGES FOLLOWING THE 25% CALL 

BORROWING LIMIT REGULATION RELATIVE TO SECURITIES FIRMS’ EQUITY CAPITAL WITHOUT ISSUANCE 

VOLUME CONTROL 

Regulation Maturity Mean Std. Dev. 5% 50% 95% 

Announcement of the 

25% Call Borrowing 
Limit Regulation 

2-year -0.0043 0.0105 -0.0212 -0.0040 0.0127 

3-year -0.0059 0.0105 -0.0227 -0.0056 0.0112 

5-year -0.0080 0.0106 -0.0248 -0.0077 0.0096 

10-year -0.0100 0.0108 -0.0279 -0.0100 0.0075 

20-year -0.0111 0.0109 -0.0292 -0.0111 0.0066 

Implementation of the 

25% Call Borrowing 

Limit Regulation 

2-year -0.0803 0.0170 -0.1075 -0.0805 -0.0523 

3-year -0.0811 0.0170 -0.1085 -0.0814 -0.0530 

5-year -0.0825 0.0171 -0.1100 -0.0826 -0.0535 

10-year -0.0840 0.0173 -0.1117 -0.0844 -0.0550 

20-year -0.0848 0.0174 -0.1127 -0.0853 -0.0560 

Note: 1) The data analysis period ranges from April 27, 2011 to August 10, 2012; 2) The 25% call borrowing limit 
regulation was announced on May 27, 2011 and implemented on July 12, 2012. 
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TABLE A4—MF-DNS ANALYSIS RESULTS ON INTEREST RATE CHANGES BEFORE AND AFTER THE 

ANNOUNCEMENT AND IMPLEMENTATION OF THE PRINCIPLE-BASED EXCLUSION OF SECURITIES FIRMS 

FROM THE CALL MARKET WITHOUT ISSUANCE VOLUME CONTROL 

Regulation Maturity Mean Std. Dev. 5% 50% 95% 

Announcement of the 

Principle-Based 
Exclusion of Securities 

Firms from Call 

Borrowing (November 
22, 2013) 

2-year -0.0071 0.0042 -0.0142 -0.0070 -4.3.E-05 

3-year -0.0086 0.0044 -0.0161 -0.0085 -0.0013 

5-year -0.0096 0.0047 -0.0174 -0.0096 -0.0019 

10-year -0.0099 0.0050 -0.0184 -0.0100 -0.0018 

20-year -0.0101 0.0052 -0.0189 -0.0101 -0.0015 

Implementation of the 

Principle-Based 

Exclusion of Securities 
Firms from Call 

Borrowing (February 

24, 2015) 

2-year -0.0177 0.0072 -0.0293 -0.0177 -0.0063 

3-year -0.0192 0.0078 -0.0315 -0.0195 -0.0067 

5-year -0.0198 0.0084 -0.0332 -0.0200 -0.0063 

10-year -0.0196 0.0091 -0.0341 -0.0196 -0.0049 

20-year -0.0194 0.0096 -0.0347 -0.0195 -0.0038 

Note: 1) The data analysis period ranges from December 28, 2012 to March 24, 2015; 2) The principle-based 
exclusion of securities firms from the call market was announced on November 22, 2013 and implemented on 

February 24, 2015. 
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TABLE A8—MF-DNS ANALYSIS RESULTS ON INTEREST RATE CHANGES BEFORE AND AFTER THE 

ANNOUNCEMENT AND IMPLEMENTATION OF THE LCR REGULATION WITHOUT ISSUANCE VOLUME CONTROL 

Regulation Maturity Mean Std. Dev. 5% 50% 95% 

Announcement of the 
Introduction of the  

LCR Regulation 

(August 27, 2014) 

2-year -0.0229 0.0100 -0.0397 -0.0227 -0.0066 

3-year -0.0220 0.0099 -0.0386 -0.0218 -0.0056 

5-year -0.0204 0.0100 -0.0370 -0.0202 -0.0042 

10-year -0.0185 0.0101 -0.0352 -0.0185 -0.0022 

20-year -0.0174 0.0102 -0.0339 -0.0174 -0.0006 

30-year -0.0171 0.0103 -0.0337 -0.0171 -0.0001 

Approval of the 

Amendment to the 

Supervisory Regulations 
on the Banking Sector  

(December 24, 2014) 

2-year -0.0304 0.0166 -0.0566 -0.0305 -0.0033 

3-year -0.0305 0.0166 -0.0566 -0.0305 -0.0034 

5-year -0.0305 0.0166 -0.0574 -0.0302 -0.0033 

10-year -0.0305 0.0168 -0.0583 -0.0302 -0.0023 

20-year -0.0306 0.0169 -0.0582 -0.0303 -0.0023 

30-year -0.0306 0.0170 -0.0583 -0.0303 -0.0025 

Implementation of the  

LCR Regulation 

(January 1, 2015) 

2-year -0.0086 0.0156 -0.0349 -0.0086 0.0168 

3-year -0.0105 0.0156 -0.0363 -0.0105 0.0150 

5-year -0.0132 0.0156 -0.0395 -0.0131 0.0126 

10-year -0.0160 0.0158 -0.0426 -0.0161 0.0096 

20-year -0.0175 0.0159 -0.0440 -0.0176 0.0081 

30-year -0.0180 0.0160 -0.0444 -0.0182 0.0078 

Note: The data analysis period spans the dates of May 28, 2014 to January 30, 2015. 
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TABLE B3—MF-DNS ANALYSIS RESULTS ON INTEREST RATE CHANGES BEFORE AND AFTER EACH 

STEPWISE INCREASE IN THE LCR RATIO WITHOUT ISSUANCE VOLUME CONTROL 

Regulation Maturity Mean Std. Dev. 5% 50% 95% 

LCR 85% 

2-year -0.0025 0.0032 -0.0077 -0.0026 0.0026 

3-year -0.0032 0.0033 -0.0087 -0.0033 0.0022 

5-year -0.0046 0.0035 -0.0105 -0.0046 0.0009 

10-year -0.0064 0.0038 -0.0127 -0.0063 -0.0002 

20-year -0.0074 0.0040 -0.0141 -0.0072 -0.0009 

30-year -0.0077 0.0041 -0.0146 -0.0075 -0.0010 

LCR 90% 

2-year -0.0123 0.0051 -0.0206 -0.0125 -0.0035 

3-year -0.0110 0.0052 -0.0195 -0.0112 -0.0021 

5-year -0.0096 0.0054 -0.0185 -0.0097 -0.0006 

10-year -0.0083 0.0056 -0.0176 -0.0083 0.0011 

20-year -0.0076 0.0057 -0.0174 -0.0075 0.0019 

30-year -0.0074 0.0058 -0.0173 -0.0073 0.0022 

LCR 95% 

2-year -0.0207 0.0075 -0.0333 -0.0207 -0.0082 

3-year -0.0201 0.0076 -0.0330 -0.0201 -0.0074 

5-year -0.0202 0.0078 -0.0335 -0.0203 -0.0075 

10-year -0.0208 0.0080 -0.0344 -0.0210 -0.0080 

20-year -0.0212 0.0082 -0.0350 -0.0214 -0.0082 

30-year -0.0214 0.0083 -0.0353 -0.0216 -0.0082 

LCR 100% 

2-year -0.0197 0.0089 -0.0341 -0.0199 -0.0053 

3-year -0.0189 0.0091 -0.0338 -0.0191 -0.0042 

5-year -0.0177 0.0094 -0.0333 -0.0178 -0.0027 

10-year -0.0167 0.0097 -0.0328 -0.0167 -0.0013 

20-year -0.0161 0.0100 -0.0328 -0.0161 -0.0006 

30-year -0.0159 0.0101 -0.0327 -0.0160 -0.0003 

Note: 1) The data analysis period ranges from October 31, 2015 to January 31, 2019; 2) The implementation dates 

are as follows: LCR4 on January 1, 2016; LCR5 on January 1, 2017; LCR6 on January 1, 2018; and LCR7 on 

January 1, 2019. 
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TABLE B4—MF-DNS ANALYSIS RESULTS ON INTEREST RATE CHANGES BEFORE AND AFTER EACH 

STEPWISE INCREASE IN THE LCR RATIO WITH ISSUANCE VOLUME CONTROL 

Regulation Maturity Mean Std. Dev. 5% 50% 95% 

LCR 85% 

2-year -0.0038 0.0033 -0.0093 -0.0037 0.0016 

3-year -0.0045 0.0034 -0.0102 -0.0045 0.0011 

5-year -0.0060 0.0036 -0.0120 -0.0059 -0.0002 

10-year -0.0079 0.0038 -0.0143 -0.0079 -0.0017 

20-year -0.0089 0.0040 -0.0156 -0.0089 -0.0023 

30-year -0.0093 0.0041 -0.0160 -0.0092 -0.0025 

LCR 90% 

2-year -0.0165 0.0060 -0.0264 -0.0163 -0.0068 

3-year -0.0152 0.0061 -0.0254 -0.0150 -0.0053 

5-year -0.0134 0.0063 -0.0237 -0.0132 -0.0035 

10-year -0.0116 0.0065 -0.0222 -0.0113 -0.0009 

20-year -0.0106 0.0066 -0.0216 -0.0104 0.0003 

30-year -0.0103 0.0067 -0.0213 -0.0101 0.0010 

LCR 95% 

2-year -0.0275 0.0101 -0.0439 -0.0272 -0.0110 

3-year -0.0270 0.0102 -0.0439 -0.0269 -0.0104 

5-year -0.0274 0.0103 -0.0448 -0.0271 -0.0103 

10-year -0.0283 0.0105 -0.0462 -0.0283 -0.0113 

20-year -0.0289 0.0107 -0.0469 -0.0288 -0.0118 

30-year -0.0291 0.0107 -0.0473 -0.0291 -0.0121 

LCR 100% 

2-year -0.0278 0.0123 -0.0486 -0.0278 -0.0071 

3-year -0.0273 0.0125 -0.0478 -0.0273 -0.0067 

5-year -0.0270 0.0127 -0.0475 -0.0269 -0.0062 

10-year -0.0269 0.0129 -0.0473 -0.0267 -0.0055 

20-year -0.0269 0.0131 -0.0473 -0.0268 -0.0054 

30-year -0.0269 0.0132 -0.0475 -0.0268 -0.0052 

Note: 1) The data analysis period ranges from October 31, 2015 to January 31, 2019; 2) The implementation dates 

are as follows: LCR4 on January 1, 2016; LCR5 on January 1, 2017; LCR6 on January 1, 2018; and LCR7 on 

January 1, 2019. 
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C. Explanation of the Step-by-Step MCMC Estimation Process 
 

TABLE C1—PRIOR PREDICTIVE DISTRIBUTION OF   AND CORRESPONDING HYPERPARAMETERS 

Parameters Prior Predictive Distributions and Hyperparameters 

  
Standard Normal Distribution (

1 3 1
0( , ) '

x xM
Unconditional Mean of the Macro Variable = , 

(3 )
0.01*

M
V I

+
= ) 

( )vec G  Standard Normal Distribution ( ( ), gvec g V ), (3 )
0.95 *

M
g I

+
= , (3 )

0.25 *
MgV I

+
=  

  Inverse Wishart distribution (
1

0 0 (3 ) 0
1, (0.15 * ) *

M
R I 

−

+
= = )  

2

,
5000*

i
  Inverse Gamma distribution (

0 0
,

2 2

v 
),

0 0
20, 20, 1,2, ,v i N= = =   

Source: Kim and Hong (2022). 

 

 

Step 1. Sampling   and G  

 

Given f , m ,  ,   the transformation equation can be rewritten in the form 

of a seemingly unrelated regression (SUR) model. 

(C1)        *f Z  = +  

Note that ( , , )Z I I f M=    is a scalar and that    is a (1 )m + +  -

dimensional vector obtained by vectorizing ( , , )ff fmm   . 

Given  , and   in the SUR-formulated equation (C1), sampling   leads to the 

samples of m  and G . 

The full conditional distribution of   is derived as a normal distribution based on 

the normal-normal update. 

1 1| , , ~ ( , , )Z N D C D   

1 ' 1 1

1 0 1 12
( )

T

t tt
D D Z Z− − −

− −=
= +   and 

1 ' 1

0 0 12
*

T

t tt
C D Z Z− −

−=
= +   

0  is the prior mean of  , and 
0D  is the prior variance-covariance matrix. 

 

Step 2. Sampling   

 

The full conditional distribution of   follows an inverse Wishart distribution as 

shown below, from which   is sampled. 
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1

1 1| , , ~ ( , )Z G W R −  

where 1 0 ,T = +  

1

1 0 1 1 0
2

( )( )'
T

t t t t
t

R R f Z f Z R  −

− −
=

= + − − +  

 

Step 3. Sampling   

 

Because it is assumed that there is no correlation between measurement errors across 

maturities and given that the average magnitude of shocks from the measurement 

errors is identical, it is sufficient to sample a single instance of   from matrix  . 

The full conditional distribution of 2
  follows an inverse Gamma distribution, as 

shown below. 

2

2

0 11 0
( )

| , ~ ( , )
2 2

i

T

t i tt
x y fx T

f m







=−
+ −+




 

 

Step 4. Sampling the Latent Factors 

 

The first step in sampling f  involves using the use of a Kalman filter to derive 

the conditional expectation and conditional variance of the filtered distribution of the 

state variable. 

 1,t i iA y m +=  from 0i =  to t  denote all information available at time t . The 

Kalman filter is composed of the following six equations: 

| 1 1 1( | , )t t t t ff t fm t fx tf E f D G f G m G x − − −= = + + +  

'

| 1 1 1| 1( | , )t t t t ff t t ffP Var f D G P G− − − −= = + +  

| 1 1 | 1( | , )t t t t t tf E f D f− − −= =  

| 1 1 | 1( | , ) 't t t t t tV Var f D P− − −= =  +  

1

| | 1 | 1 | 1 | 1( | , ) '( ) ( )t t t t t t t t t t t t tf E f D f P V y y −

− − − −= = +  −  

1

| | 1 | 1 | 1 | 1( | , ) '( )t t t t t t t t t t t tP Var f D P P V P −

− − − −= = −    
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The second step uses the results of the Kalman filter to compute E  and V  and 

then samples 
tf  in reverse order for , 1, , 1t T T= −  . 

First, 
Tf  is sampled from the following distribution: 

| || , ~ ( , )t T T T Tf D N f P  

For , , 2, 1t T=   , given 
1tf −
 , 

tf   is sampled from the normal distribution, as 

shown below. 

1 1 1| , , ~ ( ( | , , ), ( | , , ))t t t t t t t tf f D N E f D f Var f D f  + + +  
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