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<Table 1> Banks’ Risk-Taking Measures

<Table 1> shows the indicators of the risk level of banks used in previous studies. The risk level indicators
used so far can be divided into the market index, banks index and survey index. The market index
includes the bank’s EDF (expected default frequency) and CDS spread. The banks index includes various
bank indicators, which are the ratio of risk assets to total assets, non-performing loan ratio, Z-index,
granting of loan applications, and loan loss provision. The survey index includes the changes in lending
standards, the net percentage of banks increasing collateral requirements and degree of tightening loan

covenants, share of high risk loans and loan risk rating.

Measures for banks’ risk-taking

- Expected default frequency (EDF) by Moody’s KMV model(Gambacorta, 2009; Altunbas,
Gambacorta, and Marques-lbanez, 2014; Eid, 2011)
- (DS spread (Kim, 2014)

Market
Index

- Ratio of risk assets to total assets (risk assets include all bank assets except cash, government
securities and balances due from other banks: Delis and Kouretas, 2011; Delis et al.,
2011)
- Ratio of non-performing loans to total loans (Delis et al., 2011)
Banks - Z-index= (ROA+EA)/0(ROA), where EA is the equity-to-asset ratio and o(ROA) is the standard
Index deviation of ROA over the last twelve quarters (Delis et al., 2011; Eid, 2011)
- Granting of loan applications (Jiménez et al., 2014)
- Time to loan default or repayment (loannidou et al., 2014)
- Loan loss provision to total loans (Eid, 2011)
- Standard deviations of ROA and ROE (Eid, 2011)

- Bank lending survey: the changes in lending standards over the previous three months.
(Maddaloni and Peydro, 2011)
Survey - Survey on bank lending practices: net percentage of banks increasing collateral requirements,
Index degree of tightening loan covenants (Afanasyeva and Gintner, 2014)
- Survey of terms of business lending: share of high risk loans (Buch et al., 2014), Loan
risk rating (Dell’Ariccia et al., 2017)
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<Figure 1> Risk Weight of Banks

<Figure 1> shows the risk weight (RW) of Korean banks derived from the BIS capital ratio. Bank can
use the two types of approaches to calculate the risk weight of assets: the standardised approach and

the internal ratings-based approach. After the introduction of Basel II, the risk weight calculated by the

bank using the internal ratings-based approach is lower than that of the standardised approach.

RW(%) RW (%)
90 90
—— MEDIAN(Standard Approach) --- MEDIAN(Internal Approach)

Q3-Q1(Standard Approoach) Q3-Q1(Internal Approach)
80| 180
701 170
T W 1%
50 150

~a\~ '\\
\‘é\"—\ P N e P / \‘\

401 = - \S=L 40
301 30
20 120
10 1 1 1 1 1 1 1 1 1 1 10

2000 2002 2004 2006 2008 2010 2012 2014 2016 2018

Sources: Bank of Korea, Authors’ calculations.

<Figure 2> Risk Weight on Loans to Firms and Households

<Figure 2> shows the risk weight trends of banks' loans to the firms and households. Each risk weight
is a weighted average of banks’ risk weights assigned to loans. The risk weight of firm loans and household

loans have remained generally flat after a significant decline during the Basel II introduction period of

2008~2009, but have been declining since 2015.

Panel A: Loan to firms

(%)

Panel B: Loan to households

(%)

120 120 120 120
—— Total —-= Standard approach —— Total —-= Standard approach
=== Internal approach -=--Internal approach
100 -{100 100 -100
80 -180 80 -180
60~ -160 60~ .60
40~ -140 40~ 40
20 20 20 120
ol I I L I I I I I I 0 ol I I I I I I I I I 0
2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018

Sources: Bank of Korea, Authors’ calculations.
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<Table 2> Definitions and Sources of Variables

<Table 2> presents the definitions of variables and data sources used in this study. The 91 day CD rate
was used as the market interest rate. Meanwhile, we used the capital structure, profit structure, and funding
and management structure of individual banks, which were obtained from the bank reports. As for the
risk level for assets, the risk weight derived from the BIS capital ratio of each bank was used. We also
used the BIS capital ratio, whether the internal ratings-based approach was adopted in risk assessment,
and log risk-weighted assets. The adoption of the internal ratings-based approach is a dummy variable,
and '1' is given when the bank uses the internal ratings-based approach. Log operating profit was used
as a variable for the bank's profit. We also used the deposit to asset ratio, loan to asset ratio, short-term
deposit ratio, short-term asset ratio, and loan maturity and household loan ratio. Also, we used the
non-performing loan ratio as the asset quality indicator of the bank and used the business cycle coincidence

index and growth rate of house price as macroeconomic variables.

Variable Definition Source

Risk weight Risk wight derived form BIS ratio Bank of Korea
Interest rate CD Interest rate (91 Days) KOFIA'

BIS ratio BIS capital ratio Bank of Korea
Type of risk assessment Internal ratings-based approach 1, Bank of Korea

standardised approach 0

Risky asset Assets exposed to risk Bank of Korea
Profit Operating profit Bank of Korea
Deposit-to-asset ratio Deposit/Asset Bank of Korea
Loan-to-asset ratio Loan/Asset Bank of Korea
Short-term deposit ratio Deposit within 3 month maturities/Deposit Bank of Korea
Short-term asset ratio Deposit within 3 month maturities/Asset Bank of Korea
Loan maturity Loan maturity (Unit : Month) Bank of Korea
Ratio of household loan Household loan/Loan Bank of Korea
Non-performing loan ratio Non-performing loan/Loan Bank of Korea
Business cycle coincidence index Detrended business cycle coincidence index Statistics Korea
Growth rate of house price (YoY) Growth rate of house price index (YoY) Kookmin Bank

* Korea Financial Investment Association.
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<Table 3> Summary Statistics

<Table 3> presents the summary statistics of the variables used in this study from March 2000 to June
2018. The average risk-weight of banks is 53.6%. On average, banks have risk-weighted assets of 112.9
trillion Korean won and a BIS capital ratio of 13.6%. Meanwhile, bank profits averaged 0.41 trillion Korean
won. In addition the deposit to asset ratio and loan to asset ratio are 62.9% and 66.8% respectively on
average, and the household loan ratio is 37.0% on average. Also, the short term deposit ratio and assets

below three-month maturity are 28.0% and 23.4%, respectively.

Mean p25 Median p75 SD
Interest rate (%) 3.78 2.74 3.66 4.99 1.57
Risk weight (%) 53.6 44 4 54.0 59.8 11.8
BIS ratio (%) 13.6 10.8 13.3 16.0 3.55
Profit (Trillion won) 0.41 0.06 0.23 0.70 0.61
Risk weight asset (Trillion won) 1129 19.8 64.2 178.0 115.2
Deposit-to-asset ratio (%) 66.8 63.1 71.8 77.0 15.9
Loan-to-asset ratio (%) 62.9 55.7 65.1 71.6 1.4
Short term deposit ratio (%) 28.0 20.7 26.8 34.5 10.9
Short term asset ratio (%) 23.4 15.9 20.2 27.8 10.4
Loan maturity (Month) 39.0 20.3 30.4 47.5 27.8
Household loan ratio (%) 37.0 26.2 33.1 49.0 17.4
Non-performing loan ratio (%) 1.65 0.80 1.13 1.71 1.87
Growth rate of house price (%) 3.89 1.36 2.65 5.04 434

<Figure 3> Shares of Risk-weighted Assets using the Standardised or Internal

Ratings-based Approaches

<Figure 3> shows the proportion of banks' assets by risk assessment method. As of the end of June
2018, 95.5% of the bank's assets were assessed by the internal ratings-based approach which was introduced

by Basel II in 2008.
(%)

100 A
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20 A
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Sources: Bank of Korea, Authors’ calculations
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<Table 4> Difference Tests for the Variables Between the Risk Assessment Approaches

<Table 4> presents the difference test for the variables between the risk assessment approaches according
to the time of applying the standardised approach and the internal ratings-based approach. In this test
the heteroscedasticity is considered. As a result of the test, most of the variables except the deposit

ratio differed according to the risk assessment method.

. Internal
Standardised ratings-based Difference | Difference test
approach
) approach (A-B) p-value
(B)
Risk weight (%) 56.9 46.5 9.4 0.000
BIS ratio (%) 12.3 16.4 -4.1 0.000
LN asset 3.12 4.76 -1.63 0.000
LN profit -1.89 -0.60 -1.29 0.000
Deposit-to-asset ratio (%) 63.6 64.9 -1.3 0.318
Loan-to-asset ratio (%) 60.3 68.2 -7.9 0.000
Short-term deposit ratio (%) 29.4 213 8.1 0.000
Short-term asset ratio (%) 25.9 18.0 7.9 0.000
Ratio of household loan (%) 32.6 41.4 -8.8 0.000
Non-performing loan ratio (%) 1.9 1.1 0.8 0.000

ouo SR4ET Fo) W BISH &) WAL LAY YREFY mejoitio] et
1 o] SRS SIS 4 glck 23] BBSS} LETTo] 3 BEYWS AgHto]
AR ZHT A9 Tt ARENE A(0)9 BAZ Kol v, EEFUL
AT A T SR H(H) BAS Hol 3 gtk G BISH| &} ABFH et
TS AL e RS A 2] 49 BIsul &3t $RSETe WA
4()9 BAE Mol 9 AT & gk
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<Figure 4> Main Variables of Banks

<Figure 4> shows the relation between the main bank variables and short-term interest rates. Bank data
were obtained by a weighted average based on assets as of the end of each quarter. In particular, profits
was calculated by adding up the one-year operating profit at the end of each quarter.

BIS Ratio (%) Interest rate (%) Profit (Trillion Won) Interest rate (%)
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<Figure 5> Risk Weight and Interest Rates, BIS Ratio

<Figure 5> shows the relationship between the bank's risk level and interest rate/BIS ratio. These
relationships depend on the bank’s risk assessment method. If the bank measures risk using the
standardised approach established by BCBS, interest rates and risk weights are inversely related, whereas
the relationship is positive for banks using the internal ratings-based approach. On the other hand, the
relationship between the BIS ratio and risk weight has an inverse relationship in the case of banks using
the internal ratings-based approach.

. BASEL_TYPE . BASEL_TYPE

® Sandard T s Sanden
. . % htemal *  htemnal

2 3 4 5 [ 7 [] 0 12 “ % 1 n
Interest rate of CD 3months(%) BIS Ratio(%)

Sources: Bank of Korea, Authors’ calculations.
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<Table 6> Risk Weight on Household Loans and Firm Loans and Interest Rate

<Table 6> presents the effect of the interest rate on banks’ risk weight using a dynamic panel model

by limiting the banks that assess the risk level of assets using the internal ratings-based approach. The

dependent variable is the risk weight of household and firm loans. Columns (1) to (3) present the effects

of interest rates on the risk weight of household loans. Columns (4) to (6) present the effects on corporate

risk levels. Standard errors are in parenthesis, and *, **, *** denote statistical significance at 10%, 5%

and 1% level, respectively.

Risk weight on household loans

Risk weight on firm loans

(1) (2) (3) (4) (5) (6)

Short Term Interest rate (STDw1|  1.362°  0.574  -0.0343 1038  -6.002" -5869"
(0.668)  (7.646)  (7.932) © (0.761)  (1.999)  (1.843)

BIS ratio (BIS)-s -0.0105  -0.257 -0.357 = 0.0317  -1.402"" -1.396"
(0.299)  (1.362)  (1.407) 1 (0.0985)  (0.440)  (0.442)

BISw1 X STl 0.0485  0.0829 04797 0474
0.499)  (0.517) (0.155)  (0.148)
Log profit (Profit): -1.011"  -1.067" -0302 @ -0.586" -0.829" ~-1.285
(0.565)  (0.437)  (1.765) = (0.306)  (0.263)  (0.967)
Profitet X STl -0.233 0.138
(0.477) (0.298)
Log asseti: 10.66 10.31 1037 |« -0.386  -1.843  -1.727
(9.352)  (9.648)  (9.498) | (4.647)  (5.153)  (5.162)
Log risk-weighted asset;- -9.719 -9.511 -9.419 | -0.0535 2.905 2,616
(11.63)  (13.32)  (13.10) = (4.958)  (5.780)  (5.851)
Household loan ratiow- -0.154 -0.156 -0.147 0.0320 0.0741 0.0511
(0.232)  (0.216)  (0.185) :(0.0733) (0.0742) (0.0572)

Loan maturityc1 0.0693"  0.0689" 0.0723 | 0.0440° 0.0596"  0.0605
(0.0306) (0.0324) (0.0354) (0.0209) (0.0242) (0.0243)

Short-term asset ratio.-1 0.119 0.113 0.119  -0.0708" -0.0647" -0.0684
(0.124)  (0.136)  (0.130)  (0.0296) (0.0351) (0.0343)

Deposit-to—-asset ratioe -0.114 -0.107 -0.122 -0.111 -0.147"  -0.129"
(0.167)  (0.170)  (0.159)  (0.0685) (0.0703) (0.0615)
Non-performing loan ratio- 0.351 0.454 0.501 | -0.0934 -0.741 -0.998
(1.138)  (0.732)  (0.663) = (0.615)  (0.673)  (0.790)

Business cycle coincidence index 1| 0.0564 0.104 0.116 0.163" 03207 0326
(0.213)  (0.162)  (0.175) (0.0859) (0.0864) (0.0967)
Growth rate of house pricei- 0.106 ~ 0.0928  0.0973 = 0.0547 -0.0296 -0.0409
(0.131)  (0.123)  (0.128) :(0.0764)  (0.112)  (0.115)
Bank type dummy I 7.587 7.685 7.875 -0.211 -0.998 -0.808
(4892)  (4.869)  (4.900) « (1.424) (1.716)  (1.552)
Bank type dummy II 5.838 5.222 6.466 2916 6.647 5.566
(1217)  (1491)  (1451) © (3.205)  (4372)  (3.724)

Risk weightiq 06237 06047 06007 079 0766  0.768"
(0.178)  (0.160)  (0.157) :(0.0853) (0.0719) (0.0706)
Observations 343 343 343 343 343 343
Banks 15 15 15 15 15 15
AR(2) Test (p-value) 0.272 0.270 0.275 0.259 0.269 0.268
Hansen Test (p-value) 1 1 1 1 1 1
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< Abstract >

Monetary Policy’s Risk-Taking
Channel in Consideration of Banks’
Profit and Asset Structure: Evidence

from Korea

Uijin Kim* * Hosung ]ung**

This paper examines the effect of an interest rate change on the
risk—taking of a bank in consideration of its profit and asset structure,
We use the risk—taking measure as the risk weight of a bank derived from
its BIS capital ratio, The analysis results are as follows, In the case of
banks that adopted the internal ratings—based approach as the risk
assessment method, when the short—term interest rate rises (falls), the
risk level of the bank decreases (rises). In other words, if interest rates
rise by one unit of standard deviation, the banks' risk weight falls 6,63%p.
This level corresponds to about 56,2% of the standard deviation (11,8%) of
the risk weight, which shows that interest rate changes explain some of
the risk—weight changes in banks, On the other hand, the bank’s risk level
is affected by its asset structure, debt structure, and insolvency levels,
This seems to reflect the bank’s adoption of an internal ratings—based
approach to actively reflect its asset structure in risk assessment,
Meanwhile, in line with the interest rate and the bank's asset structure,
it was found that the banks’ risk level was adjusted mainly through
corporate loans,

The risk level of the bank used in this paper is based on the risk
weight derived from the minimum capital regulation ratio, Banks can be
said to be consistent with the standards under the BCBS guidelines and
supervised by the financial supervisory authority when calculating these
risk weights, Therefore, the risk weight used in this paper is an appropriate

*  Co-Author, Economist, Bank of Korea, Tel : +82-2-759-5485, E-mail: kej06@bok.or.kr
** First Author/Corresponding Author, Senior Economist, Economic Research Institute, Bank of Korea,
Tel : +82-2-759-5308, E-mail : hschung@bok.or.kr



indicator for assessing the level of risk borne by the bank, This paper is
the first to use direct and comprehensive indicators of the level of risk
borne by banks, On the other hand, if the bank uses an internal ratings—
based approach when evaluating risks on assets, the risk response is more
sensitive to interest rates and asset structure, Finally, this paper is also
meaningful in that it examines the interrelationship between monetary
policy and macroprudential policy in that it uses the risk weight determined

by banks under capital regulation,

Keywords : Monetary Policy, Risk—Taking, Interest Rates, Bank’s Profit
and Asset Structure
JEL Classification ' F52, G21, G28
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I. A&

Al S8 NS BAL T Al EAL, 27 8 b0 (big data) <} ‘THIE
=

(high-frequency) 2 F2 = Atk IA = AZ2A & = e =9 @2 HolH,
23 E2ASHA A M2 FEle] HlolE 7 a8 A Aol ARSEAL Utk ER,
mukyd 7)e 9 FHFE stedold] o R Qe SRS ] oA g
w8 A A = A =9len AiE daelgs o8t dagE Eold
TG AEA ol FAlolth olet Al Wate ool A g A
A7t 2] Z(millisecond) TIoA Dojub=s & o dite Hlud 5 gle ez wWaA
w2ol= Alo] Hitk 53] nAFRE FopollA = daE|E Edoldo] soiutEA
Aol A AE7E aAYstaL T1Alo] ZHA o wh R ol hs] debiickar fAE D

olZ|gt 58 Al Hete} A w5 AlE B4t ol U EH ol
A=, WAl BYES a5 A A 5-85k7] AlZRRE Zlo] thA Q] oAtk
HAle ol HIFE7E F017l glojefo] of &Ao] QLA oW sfglo] EAs=AIE
AAT A 2 QIR R sl &S 9u|3t). Artifical neural network(ANN), support

vector machine(SVM) 12| 1! random forest(RF) 5 W HAlEyY R E0] ¢ A%
o] olg5lon] oS 7129 AAAt WHED v ua 2§ Holele] sk
v Ag A EL AfFor & Foll=
A7 Al BRES B89 56 A7 WS A F 7R a0t
A= 7129 A5 AREEA FUE HAlY 2SS Aol HEste] 2E 9
d=8S Hgt Zoj&2= H(FFE, 2019; Laborda and Laborda, 2017)0]t}. 4=

A} 0] %] 2|(natural language processing) ¥1lE]

Y

oJuf 7HA A (sentiment analysis)S
3l 9lAE HolHE HMar E8the 5 WAlHY 7S 8 71E0de 55 Al
AREEA] SE WSS Ao E-8(184, 2445, 2019; Gentzkow, Kelly, and Taddy,
2017)8kaL Qlrh

HAleY P} o] F o] &3 =& Me4E0] 56 2okolA & WS ¢
= bl o] ARGE= HolHE of9A AT AdA HFt == A9

olo 4] 9k Sleh 53] SEUAA ATeIA BE WFS AX|5H A HolE

1) IRE FEA] et mAFRE 242 O’Hara(2015)014] gHld 4= Qi)
2) Lopez de Prado(2018b)= w& 2ofoll wAleldS 43 o2 HES AES HRch
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2% AARel g dole R AL 2k A7, 371 8 AR § gue acHew
B3 9l BHba) S of | 710 sl T A2l et B 712E obd £
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HS LA AJ7F HH(time bar)@} € Hl(tick bar)t}. Lopez de Prado(2018a)+ ©]&09|
AfA o2 Theksith Aol AIRE T8 AP A o] Foulet JHE FE55=

Blagaolgtal A3t ojof theh Hijte 2 AlgellA HR7L Sy wjulct

ut
imbalance bar)= F& S E(order flow)0] 7|t & oA E 4 S 2 nj= 32O 2
29 ujoje} vk FHSR WHolth o) FE s8] AHARS 717 AueUs)

(informed trader) 9] A2 Y ¢1ot WHRE WAZE k= WAF2 2 FE g oz

st it
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FABIAI, oFA 7] 11 iAol &QlE vprE gl mEbA £ e BA), aHlE
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20|31 Q)= A7} vhbar), | vh(bar) 712]31 7 2f|7F vH(volume bar)E W]l A= Q4.
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apR e VIl A= Ao 23S Attt

I. A3 |+
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S8foH Ao 3§ BohE HAYS SET A BUA AL
ek w4 H”Ol S5 Qe HEEE pe 3A
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boosting HTEZO 2 74 o BT} WEo] thel T 9 o5 ABF Ak 712
W ES0 Hlgl oS et FEe Zrh W A== support vector machine
(SVM)= o]l W54 Al5=¢1 VKOSPI] HSHE o 53f) o5 Al vlirloll 483 2haAdl,
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HAlH g AIHE Srof theket darejEo] aeAldel E85 vh Qleh Al
w2} support vector machine(SVM), Random forest(RF)2] ®H5 o] 714; Wo Al Hho
HE Qlof, o]55& thekgh Hi(bar) 9] o5 SATIh

1. AR FZ 1. d}(Bar))

(1) AlZt HH(Bar), EIH}(Tick Bar) & H2§ZF H}(Trading Volume Bar)
Hhban) & Hste 7MY EEAQA WS 8 HolHE dAR Zolz® Ure
Wroltt. I Foll A UA ATttt BES FAIRE Zlo] AJRE uHbar), 4 A Sl47}
712 duict vk AT Aol € Hiben, L1 A Akl -1 ujuict kg
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0% AN AFFEL AL A7 viet € ul2, I ZAACIA AFete
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54 o2 AMRERE AUl Easley, Lopez de Prado, and O’Hara(2016) 52| &&
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Hlole| o] Aol ojrjelAle] wet bARA 4 ik B 1A LAY JFL
WAL AAH NS BFAHOR W] ] AT 1FOE dolHS
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(2) VIB(Volume Imbalance Bar)
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Elo=ElTN(VvI—v) =K1l v —-E[V])

S WSS 175 /|2 0E S PSS Wiolth 778 245 913 dANE

B(TI% RV - B [V]e] §O2 olRo4 gid), o 5L 42 olde] T4 uE
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RP)E AH§FIT SVMS 27
A4 o) ol o 1A

313H, RF= o] & 7] decision tree
o] Ao A svMat

g 5%

Support vector machine(SVM)¥} Random forest(
4 Apolol wlAE B}

T&HHe o5
5*}(mappmg)ﬂ°i*ﬂ AFPA = Hgsl=
S35 3 b A Z(majority voting) 2 FLEH S
RF Zgo] sl o #A|4ez &7E Sttt
(1) Support Vector Machine(SVM)
SVME A2 th& ool &3 M9 Hlo|g & &/t 249 29dS &=
Hgolch WA SVME E#st=t o8&z tlolg ¢ DE okt 2ol Aottt
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el 1 Ee - 19 g
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<Figure 1> Structure of SVM
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mhjgho R 5 AR it 2w A7t el

#Ad 3F=(Kernel function) A(z,x

1

<.

space) O 2 HE] Ao g ERT 4= ol LAY EF F1H(feature space) O &2 FALRF
5 F TS e 2BHE 2=tk of23t AY-SVM(Keme-SVM)S 17 0 & LERfH
<Figure 3>} 2t} #d-SVMo| 285} cheFet FEE 7 4= el
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71E dFEolA 7 gol A Ad

. T
Linear: K(xi,xj) =z;z;

Polynomial : K(xi,x.) (x z; +c) ,e¢>0,
Sigmoid : K(;L'i,acj) :tanh{a(xfwj) —I—b}7 a,b > 0,

2
[z =l

Gaussian: K(xi,a:j) = exp— 5
’ 20

,o#=0.

<Figure 3> Structure of Kernel-SVM.
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node)of ¢l Elo|E 52| W wet o8 E 7o Hdor TRt
decision treel= Z}z}o] T oA flolEE EE3 w HZ g 7+ 9o

B % (impurity) S H43FHs WFeF0 & 51452 5, B4 ol E 2 1](entropy), AU

A4(Gini index), B= 2 E& @ X}H(misclassification error)S ©0]-&3f =335}

<Figure 4> Structure of decision tree.

Root node

X2

[ |

y=-1 y=1 0.6

Terminal node

RF+= 7N 2 Q] decision tree7} Z|d &¢Hg4 W &3 FAE Hestr] 8
th4=9] A decision trees AFESH= oFAFE-(ensemble)l0) <5 HFHo|Th RF:= Hj7)

(bagging)!) L112]&-S F3ll Z decision trees THT o TS EQsic) &, 4249

9) A2 WAy myo] T dlolElE W3t <53l R-S(noise)ol| dF3H= HloJE 7R B3}
gt dio|t). Hp o] WSt &7 dlojE ] A w2 AF AT EE Ho|AT, Y3
o] 8317 2 AMEL HlolE7F FolHE  AE expF IA YEPYA "l

10) QA5 Sh52 b WAled ByE G 1 REE oS AnE 7|We R st dEAE
EEoe WHEoth

11) 87 dnelEe FEAEH Y (bootstrapping)S T3l SdHo|HA MES oA ¥ S 4
2y sgAlA dae YAse gaeEelth



Z1o] ofyzt Z*Zﬂ glofE ol A F2kef=
F2H REES U OR FUH o]PA AR T b &3 F73 decision
tree52 AL ASAE =&F o= golEof met 2ol ‘;*E}Xl% e
af| A3t}
Eﬁ wotzl, Z4ZEe] decision tree
R o R A o3 5ol A8l A4 W
gl Aol 7HE 2 A58S 7 e AL 4k o]d Aol B
°0]-8-3l| decision tree5-& TRsh= A HE AFS FAHOE BFo|
ecision tree 5] AR T25 717 Tek. ez 7 ool ol Hlo]elS b
S0z A ASUSES o|STHORA LIPS Aolo] GAES BE
0 ]H(trammg data)of| A& 52
45 < I 24
o] EoMA|= %6?% °lE‘r RF= H}7 %fiﬂ%—r% &3l decision treeE th

2 9 MY & eAE Fol= ALE olsd 4 Atk

golejo} mpihA 2

il
ot
i
ek
8
_,>_
ﬂ
r{r

01]
}

AN Jl)l'
ol

rE
Q2 r{r
il

o.

+H &2 &
ox

H

£
-
_|>4
L

2

12

5, decision tree= YHIH O 2 T do

£
AN e
AT
2
[
4
v
et
&
E
g
&
:»
_%
>
lo
K3
|\
X,
or
lo
i)
2
A
> 12

o=
ox
o
|o
fu
=
\:H

V. glojg 3 7|2FA%

& Aol A= Kospi200 Al A=l AAZE A2 Hole|E A5 2A4lof| o] &3ith
H 717822018 11 219 5E 20199 7€ 2471R] & 150 AL o]H12), Z fo]H
T 5259 674371t} o] E& WS dAFY] HTS(home trading system)S ©]-8-3f
3t} <Figure 5>+= Kospi200 A= A&2] A|AI DS EA2kgt Aolth F& 7]7o]
150 AL oleh= HollAl 2 vibar) AR S0l U o] AulkofA 714 s
58S 7 A EA467 )00l FEstk shARE & S 427 5005 7)) o) fel gk
oAl Bibar) ©919] LRIE=OA BA4E A3sl7]oll= Fstokal HtErh 55] 24
717t % Kospi A=0] &= 753t

Azt BAVL B4 grena @

<

H=A.S]
|\

4
2]

rlo

2) AR o1& Th5 A availability) 02 Q1014 7)7bo]ul, SR AAA =70] 5] 2HHE A
ohe.

44 smmE M33A M4B 2019



<Figure 5> Time series of Kospi200 Futures

Kospi200 Futures
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<Figure 6> Number of Bars Produced Per Week

Number of bars produced per week
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<Figure 7> Distributions of Returns
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<Table 1> Dependent Variable

<Table 1> presents how the dependent variable is labeled. AP, = P/— P, denotes the price change
between the close, high price of two adjacent bars. Then, y, is labeled 1(0) if A P, is bigger(smaller)
than the threshold.

Time bar Tick bar Volume bar VIB
Threshold AP, = 0.35 AP, >0.5 AP, >0.5 AP, > 0.2
y=1 52.5% 52% 53% 51.5%
y=0 47.5% 48% 47% 48.5%

FEUALE o Hhbane] 37} D wiban] F7bRch AAR ooz
2 gAgon, 137 £ 9ol 008 ARUT YARE
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O
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o
=,
y

FTHHULE S8 3
S50 AREE I mAFREL AT F2 S50l FEet WA o] v
T FA AFTRO] F2 TES AP ES AT Aefet WA Bl 3o,
AANFE ARl s AR g v ARAEY bR & 5 e
up2bA] o 23 o SH AL vAFREY] TS HIFOE AR Y APHRE
olgel ANk 1A FAYS d5ote AR ofsfd + Utk

<Figure 8> Structure of Rolling Window
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<Table 3> Hyperparameters and Candidate Values

<Table 3> presents hyperparameters, and the candidate values of each hyperparameter. Each

hyperparameter is chosen via the grid search method.

SVM Random Forest
C [0.001, 0.01, 0.1, 1, 10, 100, 1000] Number of Trees [1, 10, 20, 30, 40, 50]
Gamma [0.001, 0.01, 0.1, 1, 10, 100, 1000] Maximum depth [1,2,3,4,5,6,7,8,9,10]
Kernel  Linear, RBF, Sigmoid Predictors per node [1, 2, 3]
= H
2. 4% 24 4n
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Zt Hi(bar)'d 3 9] of|& A= <Table 4>0f 8.9FE o] Itk  H(bar), ZLe]1L
A vhbar)= 05 Welo] A& ASFEE 7|54, WA 2po]7} glof o520
Sl Aoz A AIZE vibar)= oS0l Bl oS A=t ot ARt
A Fofulet a2 ol Aoz yhehEnt HHH, VIB(Volume Imbalance bar) 2 -4 3t

71538 7H 9] F2 el digt A58 s 7t

19) £ ERAE A2 02 BYEY JZu vustid $AY A AesH g, ol
MAoA] VIBE] o5 4% AEEe] ThE vbanSol v]s) AwEA Eohe Hol4 27t o)
sfeha gk,

50 £mFi% M33E A4s 2019



<Table 4> Out of Sample Forecast Results

<Table 4> presents the out-of-sample forecast results of Logistic regression, SVM and Random forest.

Forecast ability of each model is evaluated by Precision, Recall and Accuracy.

Bar type Model Precision Recall Accuracy
Logistic regression 0.54 0.69 0.54
Time bar SVM 0.52 0.59 0.52
Random forest 0.54 0.58 0.54
Logistic regression 0.51 0.76 0.49
Tick bar SVM 0.51 0.79 0.50
Random forest 0.49 0.54 0.48
Logistic regression 0.53 0.70 0.52
Volume bar SVM 0.52 0.76 0.51
Random forest 0.50 0.52 0.48
Logistic regression 0.67 0.73 0.65
VIB SVM 0.70 0.66 0.65
Random forest 0.69 0.76 0.68
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x2

<Table 5> Confusion Matrix of Time Bar-Logistic Regression Model

Actual
Positive Negative
) Positive 228 193
Predicted .

Negative 102 126
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<Table 6> Out of Sample Forecast Results based on Close Prices

<Table 6> presents the out-of-sample forecast results of <Table 4> in an alternative setting where the

dependent variable is labeled based on close prices.

Bar type Model Precision Recall Accuracy
Logistic regression 0.50 0.83 0.49
Time bar SVM 0.51 0.85 0.51
Random forest 0.54 0.58 0.54
Logistic regression 0.53 0.80 0.53
Tick bar SVM 0.52 0.89 0.51
Random forest 0.49 0.54 0.48
Logistic regression 0.49 0.63 0.50
Volume bar  SVM 0.51 0.55 0.52
Random forest 0.48 0.47 0.48
Logistic regression 0.57 0.52 0.55
VIB SVM 0.60 0.53 0.58
Random forest 0.60 0.56 0.59
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<Table 7> Out of sample forecast results based on rolling window size.
<Table 7> presents out of sample forecast results of different rolling window size. All results

are based on VIB(Volume imbalance bar).

Window size Model Precision Recall Accuracy
Logistic regression 0.62 0.62 0.61
50 SVM 0.60 0.56 0.59
Random forest 0.63 0.63 0.62
Logistic regression 0.62 0.65 0.62
100 SVM 0.63 0.56 0.60
Random forest 0.64 0.63 0.62
Logistic regression 0.65 0.67 0.63
200 SVM 0.66 0.64 0.64
Random forest 0.66 0.67 0.64
Logistic regression 0.67 0.69 0.65
300 SVM 0.69 0.64* 0.65
Random forest 0.68 0.69 0.66
Logistic regression 0.67 0.73 0.65
400 SVM 0.70 0.66 0.65
Random forest 0.69 0.76 0.68
Logistic regression 0.68 0.71 0.65
500 SVM 0.72 0.67 0.67
Random forest 0.72 0.74 0.70
Logistic regression 0.69 0.75 0.68
600 SVM 0.74 0.70 0.70
Random forest 0.72 0.73 0.70
Logistic regression 0.68 0.76 0.67
700 SVM 0.73 0.71 0.69
Random forest 0.72 0.71 0.69
Logistic regression 0.72 0.79 0.69
800 SVM 0.78 0.76 0.73
Random forest 0.77 0.74 0.71
Logistic regression 0.66 0.81 0.70
900 SVM 0.74 0.78 0.75
Random forest 0.74 0.72 0.74
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< Abstract >

Forecasting Ability of Machine
Learning Algorithms using
High-frequency Data:
KOSPI200 Futures

Suk Jin Park - Chae Shick Chung**

This paper investigates the effectiveness of machine learning
algorithms and microstructure theory in predicting high frequency price
movement, While accurately predicting future prices of financial assets has
always been a major concern for the financial sector, recent developments
in analytics tools and accessibility to new data have stimulated academics
to pursue research,

There are two main ways in which machine learning algorithms are
incorporated into financial research, The first is to increase the predictive
power of models by adopting machine learning techniques that have not
been used in previous studies (Yoon, 2019; Laborda and Laborda, 2017),
Secondly, machine learning algorithms are also used to identify new predictive
variables (Kim and Joh, 2019; Gentzkow et al., 2017),

On the other hand, there is very little discussion regarding the criteria
to construct structured dataset from raw financial data, While microstructure
theory argues that active informed traders leave characteristic footprints
in market data, incorrectly structured data may fail to extract this information
effectively, In this aspect, de Prado(2018a) suggested VIB(volume imbalance
bar) based on implications of microstructure theory, which sample bars when
informed traders are active,

Therefore, this study examines whether or not VIBs contain predictive
information regarding future price movement, Using tick data of KOSPI
200 futures, we constructed VIBs and three standard bar types widely used
by practitioners and academics: time bar, tick bar and volume bar, Then,
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we produced out of sample predictions of one—bar ahead price movement
and compared prediction performances of different bar types. In order to
test the effectiveness of machine learning algorithms, we used logistic
regression as the benchmark and compared the prediction accuracy with
SVM(support vector machine) and random forest, two machine learning
algorithms widely applied in financial research,

The results of the analysis can be summarized as follows, First, the
prediction accuracies of time bar, tick bar and volume bar were no better
than a random walk, On the other hand, the prediction accuracy of data
constructed with VIB was 65% at least, implying that it contains predictive
information regarding future price movement, Chinko et al (2019) argues
that predictive information of returns are sparse and short—lived, Therefore
it is better to predict price movements when an information event takes
place, and before that information is reflected in the price than predicting
them at a random time, This result shows that while VIB incorporates
predictive information by effectively identifying the presence of informed
traders, standard bar types fail to capture this information,

Second, as the size of training data increases, prediction accuracies
of SVM and random forest outperform the prediction accuracy of logistic
regression, While there is no significant difference when the training data
is small, the gap widens with more training data and eventually resulting
in a 5% difference in the biggest training data size, This result implies
that machine learning algorithms may enhance prediction accuracy given
large data,

This study shows that even though the same raw data is used, prediction
accuracy of machine learning algorithms may differ depending on the criteria
of how the structured dataset is constructed, Synchronizing bar constructions
with information flows may capture predictive information, On the other
hand, sampling bars based on chronological time may lead to a significant
loss of information, Therefore, while the majority of financial machine
learning research focus on model implementation and producing new predictor
variables, this research shows that proper construction of structured data

is also an important feature,

Keywords . High Frequency Data, Machine Learning, Microstructure, Bar,
Private Information
JEL Classification . G14, G17
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.

<Table 1> Macroeconomic Variables

<Table 1> lists the macro-economic variables used in this study. All data are obtained from Bloomberg.

HRE AL ARG A
| Bk Ao} WEE] ARE], Bl
AR7t AGEIEEY B AT 2 AAALY A

W7 ) 2aRAAES AAGRE A48T
20004 12956 201949 29710tk wE ARBAC] that AR
Uetli= Ag2e 37l sFARe} BA-NE7S] FoBA A E gt
), 718D, ol e A
2 GDP A}4E1
=OIAHE, A A AR e}
B 20194 29714 99
<Table 1>3} Zth.

2009 795

A=
ASE, A2
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oiAtel ey

A

» 712k
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o
=
o
=
P
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23}

No Title Bloomberg ticker Source

1 Index of Industry Production (s.a)  KOIPISA Index KOSTAT

2 Index of manufacturing production  KOIPMS Index KOSTAT

capacity (s.a)

3 Indexofproducer sshipments (YoY %) KOPSIY Index KOSTAT

4 Index of producer's inventory (YoY %) KOPIIY Index KOSTAT

5 Index of operating ratio KOIPMC Index KOSTAT

6 Manufactoring survival ratio (MoM %. KOIPOPSM Index  KOSTAT

s.a)

7 Total equipment investment (YoY %) KOIVCPEY Index  KOSTAT
Macroeconomic8 Construc‘gionCompleted (YoY %) KOIVCCY Index KOSTAT
varaibles 9 Construction Orders Received (YoY %) KOIVCONY Index  KOSTAT

10  Retail Sales Total (YoY %) KOCGCGY Index KOSTAT

11 Service Industrial Output Volume (YoY KOSVTOTY Index — KOSTAT

%)

12 Permits Number of Buildings (YoY %) KOBONTL Index Bank of Korea

13 House price index KOHPTTL Index Kookmin bank

14 RP rate (%) KORP7D Index Bank of Korea

15 (D rate (91 days) (%) KWCDC Curncy Bank of Korea

16 KOSPI index KOSPI Index Korea Exchange

17 KOSDAQ index KOSDAQ Index Korea Exchange

18  KRW/USD KRW Curncy Bank of Korea

2) Fulj &2 22|42 (PML,Purchasing Management Index)= A X YPA Q] FiEgPAE A2 3 719

AT R A, 2 T8, AT SOl thet AR ATE vigo R Yasn, 47 4TS HolFl
HHH AR F ol
3) B AAAPARE Heh e AEe] dhe) wEs D 7\2k] 7}

Qo EAH 2 AE 8 ol
AYARE TP AE FAH PR HEY AYHRE

chEr) 2 elelat 2 57la o]yl
2o AHgab|2 shelk
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<Table 1> Macroeconomic Variables(Continued)

No

Title

Bloomberg ticker

Source

19
20
21

22

23
24
25
26
27
28

29

Macroeconomic

varaibles 30

31

32

33
34
35
36
37
38
39
40
41

Effective KRW/USD
Unemployment ratio (% sa)
No. employees (YoY %)

Income for employees ((YoY %)

Opening to application ratio
Financial account(USD mil)
Capital account (USD mil)

Direct investment index (USD mil)
Current Account (USD mil)

Trade balance (USD mil)

Export (YoY %)
Import (YoY %)
Export price index
Import price index

Produce price index (YoY %)

CPI (YoY %)

CoreCPI (YoY %)

Government Budget Balance (KRW bil)
MO monetary supply (YoY %)

M1 monetary supply (YoY %)

M2 monetary supply (YoY %)

LF (M3) monetary supply (YoY %)
L monetary supply (YoY %)

ATWIKRW Index
KOEAUERS Index
KOEAEMPY Index

KOQEEYOY Index

SKLIOTAR Index
KOBPFIN Index
KOBPCA Index
KODIBAL Index
KOBPTB Index
KOTRBAL Index

KOEXTOTY Index

KOIMTOTY Index

KOEXPTI Index

KOIMPTI Index

KOPPIYOY Index
KOCPIYOY Index
SKCIYOY Index
KOGFBAL Index
KOMSMBY Index
KOMSM1Y Index
KOMSM2Y Index
KOMSM3Y Index
KOMSLY Index

Westpac group
KOSTAT

Ministry of
Employment and Labor

Ministry of
Employment and Labor

KOSTAT

Bank of Korea
Bank of Korea
Bank of Korea
Bank of Korea

Ministry of Trade,
Industry and Energy

Ministry of Trade,
Industry and Energy

Ministry of Trade,
Industry and Energy

Ministry of Trade,
Industry and Energy

Ministry of Trade,
Industry and Energy

Bank of Korea
KOSTAT

KOSTAT

Bank of Korea
Bank of Korea
Bank of Korea
Bank of Korea
Bank of Korea
Bank of Korea

Survey data

BSI for manufactors
BSI for non-manufactors
BSI (sa)

ManufacturingPMI (sa)
sl

KOBSMC Index
KOBSNMC Index
SKBSICSA Index

MPMIKRMA Index
KOCCCSI Index

Bank of Korea
Bank of Korea

The federation of
korean industries

Markit
Bank of Korea

Economists'
forecasts

Real GDP (YoY %)
CPI (YoY %)
Unemployment rate (%)

ECGDKR
ECPIKR
ECUPKR

HNZHHLE 012F 312 2 Zij4ols B4
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<Table 2> Descriptive Statistics

Tyr 2yr 3yr 4yr S5yr 6yr 7yr 9yr 10 yr
Average 3.41 363 373 391 399 410 416 424 426

Spot rates (%)

SD 135 1.42 145 151 153 154 154 151 1.52

Average 3.41 384 395 445 430 467 4.52 4.46
Forward rates (%)

SD 135 152 156 174 167 169 1.55 1.56

Average 065 099 177 191 260 273 3.46
Excess returns (%)

SD 087 1.63 243 323 397 4.62 6.72
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<Table 3> The Fraction of Explained Variance over Total Variance

This table shows the percentage of the total variance explained byeach principal component. Each column
represents the PCA components from 41 indicators of macro-economic variablestPCA_M), 5 indicators

of survey data(PCA_S) and 3 indicators of economists’ forecasts(PCA_E), respectively.-

Macroeconomic variables Survey data Economists forecasts
(PCA_M) (PCA_S) (PCA_E)
1 19 60 91
2 13 24 6
3 8 9 4
4 7 5
Total 45 97 100

& d7e 3 F R AH Ak A RAlE Y 23eolEe] ofxE

I, 5 WA ANAA JRA 30w
A

o|Ag ©rd AR a0l of gt of| =L Cochrane and Piazzesi(2005)2]

2 o 170] 5717} 51 ofalel o] 2ol e

glof sl 3]FEAske, 2+ w719 2apgolEo] Mgl o A E=A
A

[57h RE wle] JAe] BUT FeE HALA Avie,
ety = by where £, = [, S0 17 09 409, 19 =2, 3,45 (4

Aol e w718 2noES Fd FuxdedE S =gl dis

s ste] Barzsolgo] oakgol g dZHE g FAstic £, olst
=

T.’I);L+1:C,ft+’lLt+1 where f, =1, ﬁ[)’l), f§1’2>, f§2’3), ﬁ3‘4), f£4’5)] (5)

T4 Blfitted value) & FHHPR slo] 77] E YH2IeEL SFEAAT

TTy ='yn(c,f,)+5;”+1 where n= 2, 3, 4, 5 (6)
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<Table 4> Regression of Monthly Excess Returns on Forward Rates

This table shows the regression results of excess returns on forward rates. Panel A shows the regression
result of excess returns on 1-to-5-year forward rates. Panel B shows the regression result of average
excess returns on 1-to-5-year forward rates, and the fitted values in this regression is called CP factor.
Panel C shows the regression result of excess returns on CP factor obtained in panel B. t-value is Newey-West

corrected t-statistics having 12 months of lag order.

Panel A: regression of excess returns on forward rates

Maturity Constant i 12 i Vi s R?
Coefficient 2 -0.29 -0.78 1.20 0.22 -0.09 -0.35 0.38
t-value -1.14 -5.18 5.11 0.96 -0.69 -0.98
Coefficient 3 -0.57 -1.48 1.43 0.92 -0.39 -0.20 0.34
t-value -0.96 -3.65 3.01 4.47 -1.79 -0.37
Coefficient 4 -0.87 -2.20 2.01 0.37 0.16 0.05 0.38
t-value -0.93 -3.32 2.54 1.93 0.58 0.07
Coefficient 5 -1.48 -2.60 1.98 -0.28 -0.28 1.62 0.36
t-value -1.14 -2.44 1.65 -0.72 -0.67 2.08
Panel B: regression of average excess returns on forward rates
Constant /"' I 1 Vhe I R
Coefficient -0.80 -1.77 1.66 0.31 -0.15 0.28 0.36
t-value -1.05 -3.15 2.55 1.44 -0.60 0.49
Panel C: regression of excess returns on CP factor
Maturity Constant CP factor R?
Coefficient 2 0.12 0.40 0.32
t-value 0.60 10.56
Coefficient 3 -0.04 0.78 0.33
t-value -0.10 5.72
Coefficient 4 0.13 1.23 0.38
t-value 0.20 5.80
Coefficient 5 -0.21 1.59 0.36
t-value -0.23 411
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<Table 5> The Predictability of Forward Rate Factors on Long-Term Bond Excess Returns

This table shows the regression results of excess returns on forward rate factor (CP factor)and long-term
forward rate factor. CP factor is the fitted values obtained in the equation (5). Long-term forward rate
factor is fitted values from the regression of average excess returns of 6, 7 and 10-year maturity bonds
on 6,7 and 10-year forward rates, similar to the CP factor. t-value is Newey-West corrected t-statistics

having 12 months of lag order.

Forward rate factor Long-term forward

o 2
Maturity Constant (CP factor) rate factor
Coefficient 0.07 1.89 0.34
6 t-value 0.07 4,05
Coefficient 0.07 1.89 0.38 0.35
t-value 0.07 4,58 1.02
Coefficient -0.15 2.16 0.33
7 t-value -0.12 3.84
Coefficient -0.15 2.16 0.36 0.33
t-value -0.12 4.21 0.88
Coefficient -0.52 2.98 0.29
10 t-value -0.27 3.33
Coefficient -0.52 2.98 0.50 0.30
t-value -0.27 3.62 0.96
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<Figure 1> Correlations between Principal Components and Raw Macro-Economic

Variables

This graph shows correlations for the first fivecomponents of macro-economic variables on its original

data. The x-axis represents the number of data series in <Table 1>.
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<Table 6> The Predictability of Macro-Economic Variables on Excess Returns

This table shows the regression results of excess returns on two forward rate factors and the first and
second principal components of the 41 macro-economic indicators. t-value is Newey-West corrected t-statistics

having 12 months of lag order.

Forward rate factor Long-term

Maturity constant (CP factor) forward rate factor PCAM(1) PCAMQ) 72
Coefficient 0.1 0.40 18.47 -86.20 0.35
) t-value 0.50 7.68 0.34 -1.10
Coefficient 0.11 0.41 0.02 16.88 -82.04 0.36
t-value 0.60 7.39 0.27 0.36 -1.13
Coefficient  -0.03 0.76 34.73  -54.06 0.33
3 t-value -0.07 5.40 0.35 -0.51
Coefficient  -0.03 0.76 0.03 3251  -48.25 0.34
t-value -0.09 5.93 0.18 0.39 -0.44
Coefficient 0.14 1.22 4532 -75.67 0.38
4 t-value 0.21 5.50 0.37 -0.52
Coefficient 0.14 1.22 0.14 34,73  -47.96 0.39
t-value 0.26 6.45 0.60 0.34 -0.34
Coefficient  -0.15 1.54 76.97 25.67 0.36
5 t-value -0.15 3.87 0.44 0.17
Coefficient  -0.15 1.55 0.24 58.43 74.22 0.37
t-value -0.19 4.82 0.75 0.39 0.45
Coefficient 0.12 1.86 65.48 -19.25 0.33
6 t-value 0.10 3.95 0.39 -0.09
Coefficient 0.12 1.86 0.42 32.60 66.84 0.36
t-value 0.13 4.85 1.11 0.22 0.33
Coefficient  -0.09 212 54.80 72.58 0.32
7 t-value -0.07 3.71 0.26 0.31
Coefficient  -0.09 213 0.46 1884 166.74 0.34
t-value -0.08 4.46 1.09 0.10 0.73
Coefficient  -0.26 2.78 25494  319.63 0.30
10 t-value -0.13 3.04 0.76 0.99
Coefficient  -0.26 2.79 0.73 198.03  468.63 0.32
t-value -0.15 3.69 1.24 0.64 1.41
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<Table 6> ANAAAE} 240 FS 5T 5 YA LA 4 (9))

FAAdtoltt, BE "l7|of|A Cochrane and Piazzesi(2005)9] A =d2] 221 &2t
d &2 7R ATE AAAGA A E 2212 Ludvigson and Ng(2009), Sekkel(2011)2} &)
= ZAfollA FoJRt & e Holx] ¢far qlow AR AS JAl [foulet HelE
Holx| b=t} weba o] Aito] oJstH 2ol ES FAAAA O olxe FAld
HhgEo] = FEA A g EY, FAl] ojAE HAlof REdHo UA o=
ANBARE7E 23 go e vE 7S A ¥ ez Hh

ol AAsH 7lestA = AT 5 AAAEE 2718 712 2AF-
HEEIL Qo] FR3F ARYo| . Aol ARESHA] SEIHY) 2R R ARS
xZdste] 271 2 ES Ut e R FUREAT A A 71EY] ATt
Z Zol7h glsdth

theoz mE AAAE et ARE 2ekete A7h ATl Eof it
&8s 7HeA Aude B7dEAERE FAZE FARZRH F7FAE
(2xBIARA] 2 A 4=(CSD), 7 71 AR 4=(BST), Frfj k2| A4 4=(PMD)) 5, AA Aw7t= 5
T8 ZBAA ;] tF BAAHETVSSE LECDP s AYE) A=RS ol&sHlth
2t A xS B v AXGAEE ol et RS ZakekAINE A& AAA st
A, AU, AZe] uit A= e FEske] £ 5T

<Table 7> The Predictability of Survey Data on Excess Returns

This table shows the regression result of survey data(CSI, BSI, PMI) and economists’ forecasts(CPI, real
GDP, unemployment) on excess returns. The sample period in this regression is from July 2009 to February

2019. t-value is Newey-West corrected t-statistics having 12 months of lag order.

Forward rate factor

Maturity constnat (CP factor) PCA_S(1) PCA_S(2) PCA_E(1) R?
Coefficient 0.20 0.36 -0.63 0.10 0.06 0.44
t-value 1.63 8.06 -0.81 -0.11 0.50
Coefficient 0.20 0.36 -0.39 -0.24 0.44

) t-value 1.60 8.17 -0.35 -0.68

Coefficient 0.23 0.33 0.04 0.45
t-value 2.03 6.35 0.29
Coefficient 0.23 0.34 0.45
t-value 1.77 5.34
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<Table 7> The Predictability of Survey Data on Excess Returns(Continued)

Forward rate factor

Maturity constnat ' fg o0t PCAS() PCAS() PCAE(D) R
Coefficient 0.39 0.61 -0.37 0.22 0.19 0.39
t-value 1.43 14.29 -0.32 -0.59 0.84
Coefficient 0.41 0.62 0.42 -0.91 0.38
3 t-value 1.47 8.10 0.23 -0.41

Coefficient 0.41 0.59 0.18 0.40

t-value 1.46 6.45 0.69

Coefficient 0.38 0.65 0.39

t-value 1.13 4.36

Coefficient 0.91 0.90 1.14 -2.97 0.50 0.50

t-value 218 7.24 0.71 3.98 1.43

Coefficient 0.97 0.92 3.18 -5.90 0.47
4 t-value 2.10 4,57 1.24 -1.97

Coefficient 0.84 0.97 0.57 0.50

t-value 1.85 6.12 1.55

Coefficient 0.75 1.16 0.45

t-value 1.29 4.85

Coefficient 1.04 1.02 0.99 -4.47 0.62 0.37

t-value 1.64 4,84 0.35 -2.37 1.19

Coefficient 1.1 1.04 3.52 -8.13 0.35
5 t-value 1.65 3.45 0.97 -1.83

Coefficient 0.98 1.08 0.71 0.38

t-value 1.40 3.92 1.34

Coefficient 0.85 1.33 0.34

t-value 1.01 3.52

Coefficient 1.61 1.19 2.98 -5.44 0.93 0.38

t-value 1.99 3.95 0.82 -3.27 133

Coefficient 1.71 1.22 6.81 -10.96 0.35
6 t-value 1.90 2.80 1.47 -2.17

Coefficient 1.42 1.37 1.09 0.39

t-value 1.60 3.55 1.57

Coefficient 1.24 1.74 0.33

t-value 1.12 3.52

Coefficient 1.71 1.40 3.75 -7.28 0.92 0.33

t-value 1.69 3.55 0.73 -64.61 1.03

Coefficient 1.81 1.43 7.53 -12.72 0.31
7 t-value 1.66 2.69 1.30 -2.43

Coefficient 1.48 1.62 1.12 0.34

t-value 1.32 3.23 1.30

Coefficient 1.29 2.01 0.30

t-value 0.97 3.29

Coefficient 2.27 2.03 5.57 -9.76 1.39 0.32

t-value 1.41 291 0.69 -2.49 1.01

Coefficient 2.43 2.08 11.30 -18.01 0.30
10 t-value 1.40 2.35 1.30 -2.28

Coefficient 1.94 2.36 1.68 0.32

t-value 1.10 2.89 1.29

Coefficient 1.65 293 0.28

t-value 0.81 3.06
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<Table 8> The Second Principal Component of Survey Data and Forward Rates

This table shows the regression result of excess returns on the second principal component of survey
data that have predictability for excess returns and forward rates. t-value is Newey-West corrected t-statistics

having 12 months of lag order.

Maturity constant /9! I? 7 i f° PCAS(2) R?
Coefficient 2 -0.27 -0.79 1.19 026 -0.08 -0.38 -0.46 0.40
t-value -1.01 -5.04 5.44 1.04 -0.65 -1.03  -1.75
Coefficient 3 -0.52 -1.49 1.37 1.03 -038 -0.25 -1.47 0.36
t-value -0.86 -3.60 3.05 455 -170 -047 -2.81
Coefficient 4 -0.81 -2.19 1.87 0.55 0.18 -0.04 -247 0.40
t-value -0.86 -3.31 2.47 2.51 063 -0.06 -2.82
Coefficient 5 -1.42 -2.56 1.77 -0.03 -0.26 1.51 -3.46 0.39
t-value -1.09 -2.44 1.54 -0.06 -0.60 192 -3.00
Coefficient 6 -1.37 -3.21 2.64 -0.62 0.17 1.49  -4.57 0.37
t-value -0.80 -2.27 1.52 -1.00 0.24 1.43 -2.79
Coefficient 7 -1.57 -3.75 2.81 -1.12 0.09 239 =517 0.37
t-value -0.76  -2.30 1.39 -1.37 0.10 211 =292
Coefficient 10 -2.32 -5.28 4.35 =276  -0.36 453  -7.90 0.35
t-value -0.74 -2.12 1.44 -1.86  -0.35 285 -2.70
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<Table 9> The Second Principal Component of Survey Data and Future Economic

Conditions

This table shows the regression result of the second principal component of survey data on accumulated
future real GDP growth. The sample period is from December 2000 to February 2019. t-value in panel

B is Newey-West corrected t-statistics having 12 months of lag order.

1 year 2 years 3 years 4 years
Coefficient 14.95 31.42 15.51 -12.89
t-value 1.96 2.45 0.51 -1.28

& Aolld e = A AA AR ES dS53e 8.90l dis) v
Hotoh @A 71 wWol ARgHe Amaaadl of o AAZEAl dieh FH7t

i Z3}+
TOESZ AsteAlol s AHEgfom, ARH o2 AXNFGAHF= AAWFAE S
et = AAAAA &} vl A S Uels ANFAAZR FLEste] 4

g
sholtt. ATk et 2o

o]
124 Cochrane and Piazzesi(2009)} €&] H 2145 ES AWst= o3& Q911}
L ke

B7) 8 235 ES AYsks 89lo]

of L



o Zis0lo] o4& FULTN(one factor)o] 3 AL A
e R
o] s 5L /AT UA sk wekAl @A) olg7bsE Hut

EN
& Al WA ke e GA A gk A, A RS e
7

rlo

2

N

)

Kl

s

)

=

L.
oo
i

[
2

oﬁ rlr

2 2
tlo o

B X

AN I

N
By
kI
30
>
52
32
o

o L oont
o e X
P
= od =
2 g
E 2
%Eﬁgﬁ
o I
XNl
., o
-r'r_o,
N
o2
oil{']
&
ot
B
32 o
LBCS
B2
Huﬁ
[e3
Eé
R
o
o
milf
E‘O_u
ko
e 7
N o
DI
fr mo

=

El
7

©
do
re rle
o,

84 &mmiE N33 M45 2019



LA AT, ol o2, Gt AdxIoE 58 Rt A

PR AT, A28 A2E, 2015, 163-195.

(Translated in English) Kang, J., H. Kang, E. Lee, and S. Lee, “Predicting Bond Excess

Returns in the Korean Market,” Asian Review of Financial Research 28(2), 2015, 163-195.

CAEE, HHY, CAPT REE o] HUREZTL £o4E 24 AXNBALYS

SR TFgA+, A27d Al2s, 2013, 43-79.

(Translated in English) Jin, M. and Y. Choi, “Bond Portfolio Return Analysis Using the

APT Model with Macro Factors,” Journal of Money and Finance 27(2), 2013, 43-79.

CHER, 49T PAE aHlEE ANESE T AL EY AF 'HedT,
Al33¢8 A1Z, 2019, 105-149
(Translated in English) Park, D., Y. H. Eom, and J. Hahn, “Forecasting Asset Returns
Using Consumption-Based Measures,” Journal of Money and Finance 33(1), 2019, 105-149.

- S718, HEE, STR BEL o] &3 fdSdE 24 TaEd, Aod
Al33, 2011, 1-23.

(Translated in English) Ohk, K. Y. and H. H. An, “Analysis of Corporate Bond Index
Returns: A Smooth Transition Regression Model,” Korean Journal of Financial Engineering
10(3), 2011, 1-23.

. Ang, A. and M. Piazzesi, “A no-arbitrage vector autoregression of term structure dynamics
with macroeconomic and latent variables,” Journal of Monetary Economics 50(4), 2003,
745-787.

. Bai, J. and S. Ng, “Determining the Number of Factors in Approximate Factor Models,”
Econometrica 70(1), 2002, 191-221

. Buraschi, A. and A. Jiltsov, “Inflation risk premia and the expectations hypothesis,” Journal
of Financial Economics 75(2), 2005, 429-490.

. Campbell, J. Y. and J. H. Cochrane, “By force of habit: A consumption-based explanation
of aggregate stock market behavior,” Journal of political Economy 107(2), 1999, 205-251.

. Chen, J., F. Jiang, and G. Tong, “Economic policy uncertainty in China and stock market
expected returns,” Accounting & Finance 57(5), 2017, 1265-1286.

HAZHEAE 0183t 5t A £n4E 24 85



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

86

Cieslak, A. and P. Povala, “Expected returns in Treasury bonds,” The Review of Financial
Studies 28(10), 2015, 2859-2901.

Cochrane, J. H. and M. Piazzesi, “Bond risk premia,” American Economic Review 95(1),
2005, 138-160.

Cooper, 1. and R. Priestley, “Time-varying risk premiums and the output gap,” The Review
of Financial Studies 22(7), 2009, 2801-2833.

Dai, Q. and K. J. Singleton, “Specification analysis of affine term structure models,” 7he
Journal of Finance 55(5), 2000, 1943-1978.

Duffee, G. R., “Term Premia and Interest rate forecasts in affine models,” The Journal
of Finance 57(1), 2002, 405-443.

Duffee, G. R,, “Information in (and not in) the term structure,” The Review of Financial
Studies 24(9), 2011, 2895-2934.

Duffie, D. and R. Kan, “A yield factor model of interest rates,” Mathematical Finance
6(4), 1996, 379-406

Eriksen, J. N., “Expected business conditions and bond risk premia,” Journal of Financial
and Quantitative Analysis 52(4), 2017, 1667-1703.

Georgoutsos, D. A. and P. M. Migiakis, “Heterogeneity of the determinants of euro-area
sovereign bond spreads; what does it tell us about financial stability?,” Journal of Banking
and Finance 37(11), 2013, 4650-4664.

Joslin, S., M. Priebsche, and K. J. Singleton, “Risk premiums in dynamic models with
unspanned macro risks,” Journal of Finance 69(3), 2014, 1197-1233.

Julio, B. and Y. Yook, “Political uncertainty and corporate investment cycles,” Journal
of Finance 67(1), 2012, 45-83.

Kessler, S. and B. Scherer, “Varying risk premia in international bond markets,” Journal
of Banking and Finance 33(8), 2009, 1361-1375.

Ludvigson, S. C. and S. Ng, “Macro factors in bond risk premia,” The Review of Financial
Studies 22(12), 2009, 5027-5067.

Mueller, P., A. Vedolin, and Y. M. Yen, “Bond variance risk premia,” Financial Markets
Group, London School of Economics and Political Science, Working Paper, 2012.

Onatski, A., “Determining the Number of Factors from Empirical Distribution of

&R M332 M4z 2019



Eigenvalues,” The Review of Economics and Statistics 92(4), 2010, 1004-1016.

25. Péstor, L. and P. Veronesi, “Political uncertainty and risk premia,” Journal of Financial
Economics 110(3), 2013, 520-545.

26. Sekkel, R., “International evidence on bond risk premia,” Journal of Banking and Finance
35(1), 2011, 174-181.

27. Wachter, J. A., “A consumption-based model of the term structure of interest rates,”
Journal of Financial Economics, 79(2), 2006, 365-399.

28. Wright, J. H,, “Term premia and inflation uncertainty: Empirical evidence from an
international panel dataset,” American Economic Review 101(4), 2011, 1514-34.

29. Xiong, W. and H. Yan, “Heterogeneous expectations and bond markets,” The Review

of Financial Studies 23(4), 2009, 1433-1466.

HNZHHLE 018% 512 2 Zneols B4 87



<XZ 1> Factor Loadings for Principal Components

This table shows factor loadings for the first three principal components.

Macro-economic variables PCA_M(1) PCA_M(2) PCA_M(3)
1 Index of Industry Production (s.a) 0.17 0.31 0.13
2 Index of manufacturing production capacity (s.a) 017 0.31 0.13
3 Index of producer’ s shipments (YoY %) 0.34 0.01 0.06
4 Index of producer's inventory (YoY %) 0.15 -0.06 0.14
5 Index of operating ratio 0.06 -0.02 -0.07
6 Manufactoring survival ratio (MoM %. s.a) 0.14 0.31 0.15
7 Total equipment investment (YoY %) 0.24 0.07 0.12
8  Construction Completed (YoY %) 0.10 0.07 0.08
9  Construction Orders Received (YoY %) 0.02 0.17 -0.16
10 Retail Sales Total (YoY %) 0.17 0.25 -0.24
11 Service Industrial Output Volume (YoY %) 0.25 0.13 -0.27
12 Permits Number of Buildings (YoY %) -0.01 0.00 0.01
13 House price index 0.12 0.07 -0.19
14 RP rate (%) 0.19 0.13 0.05
15 (D rate (91 days) (%) 0.19 0.08 0.14
16 KOSPI index -0.04 0.20 -0.07
17 KOSDAQ index -0.07 0.15 -0.05
18 KRW/USD 0.06 -0.18 0.09
19 Effective KRW/USD -0.08 0.19 -0.08
20 Unemployment ratio (% sa) -0.05 0.1 0.10
21 No. employees (YoY %) 0.15 0.05 -0.23
22 Income for employees ((YoY %) 0.08 0.15 -0.14
23 Opening to application ratio 0.09 0.16 -0.05
24 Financial account(USD mil) -0.19 017 0.27
25 Capital account (USD mil) -0.02 0.00 0.03
26 Direct investment index (USD mil) -0.04 0.13 0.22
27 Current Account (USD mil) -0.20 0.20 0.31
28 Trade balance (USD mil) -0.15 0.24 0.30
29 Export (YoY %) 0.29 -0.15 0.16
30 Import (YoY %) 0.30 -0.20 0.12
31 Export price index 0.17 -0.06 0.18
32 Import price index 0.21 -0.03 0.14
33 Produce price index (YoY %) 0.24 0.03 0.15
34 CPI (YoY %) 0.11 -0.06 0.12
35 Core CPI (YoY %) 0.06 -0.21 0.04
36 Government Budget Balance (KRW bil) 0.10 -0.16 -0.08
37 MO monetary supply (YoY %) -0.16 0.18 -0.11
38 M1 monetary supply (YoY %) -0.07 0.02 -0.14
39 M2 monetary supply (YoY %) 0.10 0.07 -0.19
40 LF (M3) monetary supply (YoY %) 0.11 0.11 -0.18
41 L monetary supply (YoY %) 0.05 017 -0.14
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< Abstract >

An Analysis of Bond Excess Returns
using Macro-economic Variables in
the Korean Market

*

Hankil Kang* - Soonhee Lee

It is well-known that the excess returns of bonds are time—varying,
However, it is in debate what factors determine excess returns, In this study,
we examine the predictability for excess returns using the forward rates
and macro—economic variables, In detail, we use bond spot rates and three
different types of macro—economic variables that are statistics representing
current economic conditions and survey data from business participants
and professional economists representing future expected economic
conditions, We conduct principal component analysis for each group of
macro—economic variables, and a few principal components are used to
examine whether the macro—economic variables have predictability for excess
returns,

The main findings of this study can be summarized as follows, First,
the forward rate factor that can be obtained by a linear combination of
forward rates representing the information on the yield curve has pre—
dictability for the excess returns, However, it is rejected that the forward
rates are the only factor to explain excess returns and it means the information
on the yield curve is not enough to explain future bond excess returns,
Second, the macro—economic variables representing current economic
conditions and survey data from economists have no predictability for bond
excess returns, Third, the survey data from consumers and producers have
predictability for long—term bond excess returns, different from the survey
data from economists, Additionally, the survey data from consumers and
producers have predictability for future real GDP growth, Based on these
results, we conclude that excess returns can be predicted by not only the
information reflected in the yield curve but also expectations for future
market conditions,
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e, BVi= A& bipower 959 ¥E4S UeERHTE RI_BV:= bipowerE
AR ) A HEZE UEhlY, R_Stat= tripowerS ARSI W] HZFAIF S
Urebdt 919] SARF FolA HaH(mean)S HH M FARFQ R]_StatE Aokl
HE 289 FAFLEA AFHE HE Fato] oo 7HA vrerar qlck

T T

<Table 1> Basic Statistic

This table shows that the basic statistics of the realized returns of Pound-Euro exchange rates(RR), the
realized variances(RV), the bi-power variances(BV), the realized jumps(RJ_BV) using bipower variation,
the realized jump statistics(RJ_Stat) and quartipower variances(RQ), respectively.The observation and miss
in the table represent the number of observations and missing values, respectively and std.dev means

the standard deviation, min represents minimum values and max represents maximum values.

Variable min mean max std.dev
RV 4.3556e-08 2.7181e-05 0.0033466 8.1204e-05
BV 0 2.4914e-05 0.0019296 5.822e-05
RJ_BV 0 2.2672e-06 0.001417 2.9981e-05
R)_Stat -2.5962 1.7477 30.734 2.7726
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<Figure 1> Density Functions of Pound-Euro Exchange Rate

This figure compares the density function of the realized return(RR), the realized variance(RV), the bipower
variation(BV), the returns standardized by RV, the returns standardized by BV, and the realized jumps
with the normal density function, respectively. The numerical value in a parenthesis represents the critical

value and N means the Normal Distribution, respectively.
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<Figure 2> Volatility and Jump Distribution of Pound

This figure shows the volatility of realized return(RR), the realized variance(RV), the bipower variation

(BV), the realized jump statistic(RJ_Stat), respectively.
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(long memory process)& 77 5= Hurst-Mandelbrot®] R/S(Rescaled Ranged) 778 A5kt
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<Table 2> Volatility of Variance, and Bipower Variation

This table shows that the statistics of the normality test, ARCH test, Q-statistics, Lo and Mackinlay
Variance-Ratio test, Long memory test and Runs test of Realized Volatility(RV) and Bipower Volatility(BV).
In this table, in Q-Statistics, the null hypothesis(H0) is no serial correlation and accept HO when the
probability is high [Q < Chisq(lag)]. In the Lo and Mackinlay Variance-Ratio test, N means the number
of periods, VR means the Variance-Ratio statistic and ZN statistic means [VR(N)—1]/ \/ Var (VR) . The
asymptotic distribution of ZN statistic is N(0,1). In the Hurst-Mandelbrot Test, HO is no autocorrelation
and in Lo Test HO is no long-term dependence, respectively. the superscript ** represents the test statistic
is significant at 1% significance level. In Lo R/S test statistics, Critical Values are 90%: [0.861, 1.747],
95%: [0.809, 1.862], and 99%: [0.721, 2.098].

Realized Volatilty(RV) Bipower Volatility(BV)
a. Normality Test(statistic, p-value)
Skewness 32.444 .00 27.84 0.00
Excess Kurtosis 12214 0.00 898.85 0.00
Jarque-Bera 1.575%+08 0.00 8.5428e+07  0.00
b. ARCH Test(F, p-value)
ARCH 1-2 test: F(2,2523) 0.39045[0.6768] 0.79506[0.4517]
ARCH 1-5 test: F(5,2517) 0.15642(0.9781] 0.33110[0.8944]
ARCH 1-10 test: F(10,2507) 0.07822(0.9999] 0.16548[0.9984]
¢. Box-Pierce Statistics(Q,P-value)

. Q) 75.8009[0.0000]** 139.869[0.0000]”
Box-Pierce o
Q-Statistics Q(10) 90.5860[0.0000]** 1 86.825[0.0000]”
on Squared data Q(20) 116.342[0.0000]** 261.038[0.0000]"

Q(50) 150.209[0.0000]** 343.310[0.0000]
d. Lo and MacKinlay Variance-Ratio Test(n=5)
VR-statistic 1.33470 1.46071
ZN-statistic 2.29033 3.03164
(p-value) (0.020) (0.002)
e. Long Memory Test
Hurst-Mandelbrot R/S test 2.93641 3.734
Lo R/S test statistics (gq=1) 2.74164 3.4488
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<Table 3> Volatility of Relative Jump and Jump Statistic

This table shows that the statistics of the normality test, ARCH test, Q-statistics, Lo and Mackinlay
Variance-Ratio test, Long memory test and Runs test of Realized Jumps(RJ_BV) and Realized Jump
Statistics(R]_Stat). In this table, in Q-Statistics, the null hypothesis(HO0) is no serial correlation and accept
HO when the probability is high [Q < Chisq(lag)]. In the Lo and Mackinlay Variance-Ratio test, N means
the number of periods, VR means the Variance-Ratio statistic and ZN statistic means [VR(N)—1]/ \/ Var (VR) .
The asymptotic distribution of ZN statistic is N(0,1). In the Hurst-Mandelbrot Test, HO is no autocorrelation
and in Lo Test HO is no long-term dependence, respectively. the superscript ** represents the test statistic
is significant at 1% significance level. In Lo R/S test statistics, Critical Values are 90%: [0.861, 1.747],
95%: [0.809, 1.862], and 99%: [0.721, 2.098].

R)_BV R)_Stat
la. Normality Test(statistic, p-value) \
E:fevlzeiirtosis 42542 0.00 36128 0.00
Jarque-Bera Statistic 1967.7 0.00 22317 0.000
4.0860e+08 0.00 57958 0.00
b. ARCH Test(F, p-value)
ARCH 1-2 test: F(2,2523) 0.00065[0.9993] 0.2546[0.7753]
ARCH 1-5 test: F(5,2517) 0.00065(1.0000] 0.5510[0.7376]
ARCH 1-10 test: F(10,2507) 0.00064[1.0000] 1.0044[0.4370]
¢. Box-PierceStatistics(Q,P-value)
Box_Pierce Qs) 0.114904[0.9997] 4.71640(0.4514612]
Q-Statistics Q(10) 0.191608[0.9999] 11.8450[0.2955656]
on Squared data Q(20) 0.417758(1.0000] 28.6279[0.0953479]
Q(50) 2.81967[1.0000] 64.6360[0.0798103]
d. Lo and MacKinlay Variance-Ratio Test(n=5)
VR-statistic 0.98997 1.02971
ZN-statistic -2.28572 0.73181
(p-value) (0.022) (0.46428)
e. Long Memory Test
Hurst-Mandelbrot R/S test 1.24277 2.20328
Lo R/S test statistics (q=1) 1.24511 2.16999
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1) Tri-power quarticity X BATF
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<Table 4> Jump Probability Pound-Euro Returns Using Tripower Quarticity

This table shows that the critical levels(c), critical values, the numbers of expected jumps, the detected

numbers of jumps and the probabilities of jumps, log jumps and max log jumps using tripower quarticity,

Zm;,:(RVp*BVp)/ (Ubb TPt~

1
V) 2

Critical level, Critical value and Expected Jumps

Critical level 0.005 0.001

Critical value 2.57583 3.0923

Expected Jumps under Ho=no jump 12.645 2.529
a. Tri-power jump probability

detected number of jumps 551 409

probability of jumps 0.2178783 0161724
b. Tri-power log jump probability

detected number of jumps 474 328

probability of jumps 0.187426 0.129696
¢. Tri-power max log jump probability

detected number of jumps 475 329

probability of jumps 0.187821 0.130091

2) Quad-power quarticity H3Z FA|FF
AA, Quad-power quarticityS A5} 3t THe-E-F-2 3} FHEof st Ad
ol WMERS] AL WASES B 25099 FoIA] oA LA WA <Table
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WEIES 7S50 oo TelT A a09999) Aol F 25299 FolA A}
4614 ofubH B} S ol 1823% 712513 ek, webA 2010 Sof
Q%E-%E@r S WA Hz7h gol dojyithe A& & 4 Qlrh a=0995Y W=
5.2 00999 T 5499 Z 79| 45%lo] 3 WY T 225 HES H}

;ﬁ%

-power quarticityS ARE-SF I-&-=-F-235) 380 AdEH 420lEL 2O
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<Table 5> jump probability Pound-Euro Returns Using Quartpower Quarticity

This table shows that the critical levels(«a), critical values, the numbers of expected jumps, the detected

numbers of jumps and the probabilities of jumps, log jumps and max log jumps using quad-power quarticity,

1
Zage= RV, = BV (0= 0,27 0P,

Critical level, Critical value and Expected Jumps

Critical level 0.005 0.001

Critical value 2.57583 3.0923

Expected Jumps under Ho=no jump 12.645 2.529
a. Quad-power jump probability

detected number of jumps 608 461

probability of jumps 0.240411 0.182285
b. Quad-power log jump probability

detected number of jumps 533 380

probability of jumps 0.210755 0.150257
¢. Quad-power max log jump probability

detected number of jumps 532 381

probability of jumps 0.21036 0.150652
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< Abstract >

Brexit and UK Pound versus FEuro

Exchange Rate Volatility and Jump
Probability

Chae-Deug i

This paper analyzes the recent realized continuous volatility and
discrete jump volatility of UK Pound/Euro returns using the high frequency
five minute with the nonparametric estimation, Even though most studies
until 1990’s adopted the parametric approaches such as ARCH class of the
modes and stochastic volatility models, the parametric approaches, however,
rely on explicit functional forms which can be misspecified, In 2000’s a
few studies have adopted the nonparametric approaches which were free
from specific functional forms unlike the parametric approaches,

Thus, this paper uses a new nonparametric realized volatility model
by summing intraday squared returns to explain the discrete jumps as well
as continuous volatility so that realized volatility, bipower volatility,
Tri—power Quarticity, Quad—Power Quarticity and relative jump models are
introduced,

The realized rate of returns, realized variation and realized bipower
variation appear the characteristics of non—normal distributions which have
the volatility clustering effects, The volatility appeared appreciably large
before and after year 2016 in which there was UK's national vote about
Brexit, The ghost effect and cluster effect occurred also in the jumps of
UK Pound/Euro returns during year 2010 through year 2018,

The empirical results show that many large jumps appeared especially
right before and right after year 2016 in which UK's national vote about
Brexit occurred, And the realized variations had the considerably large and
discrete jumps even after Brexit vote, The jump statistics show that the
realized five minute UK Pound/Euro returns have the jump probability that
there is at least one significant jump per 5—7 days in using the tripower

* Professor, Department of International Trade, Pusan National University(Tel: +82-51-510-2585,
E-mail: givethanks@pusan.ac.kr)
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quarticity and per 4—6 days in quadpower quarticity, respectively, during
year 2010 through year 2018 at common critical levels,

Thus, the discontinuous jumps of UK Pound/Euro returns occurred
frequently during year 2010 through year 2018, Furthermore, UK Pound/Euro
returns have occurred frequently and very largely right after year 2016,
Therefore, the Brexit would influence UK Pound/Euro returns considerably

large if UK actually decides the Brexit in the near future,

Keywords . Brexit, Pound, Euro, Exchange Rate, Volatility, Jump
JEL Classification . F3, F4
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