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e Hoffman, Rosenbaum and Yoshida (2013)

® Dobrev and Schaumburg (2015)
e H. and Koike (2016)
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e [EMA 3 M5 (BRAE, Japannext, Chi-X Japan)
e # (2015, 2016, 2017)
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Hoffmann-Rosenbaum-Yoshida's method
Hoffmann, Rosenbaum and Yoshida(2013)

e Formulated a lead/lag estimation problem and proposed an estimator
based on H. and Yoshida (2005)’s covariance estimator (“HY
estimator” )

e no “synchronization” needed

e Two continuous semimartingales: X, Y

e Shift J? (interval for Y) to the left (past) by :
Ji, = (T — 9, T —§)

e (-shifted HY estimator:

o
U™ (0)p = Y (AX)(AY)EKy, (1)
i,j=1
St<T
i')j — . . . H “" 7
where K7 = (ring 0} 0 —shifted “HY factor
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HRY’s method
Hoffmann, Rosenbaum and Yoshida(2013)

Assumption: There exists a latent process Y st Y = }7,5_9*. 0* is an
unknown constant.

e Y is not observed in real time, but is observed with (constant) delay
0*
e " >0: X leads YV
o 0" <0:Y leads X
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HRY's method
Hoffmann, Rosenbaum and Yoshida(2013)

HRY(2013)'s proposal:
e "HRY estimator” for the unknown true lag parameter 6*

Onry =0, := U (6 2
HRY arg max |U™ (6)r| (2)

where G" is a finite grid satisfying certain regularity conditions.

¢ In the high-frequency setting , §HRY is consistent for 6* (Theorem 1
of Hoffman, et al(13)).
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Estimated HRY measures: micro price, TSE vs JNX

time series plot of 6
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Figure 1 : Daily HRY measures, Mitsubishi UFJ FG(8306)-Mitsui Real Estate
(8801): TSE-JNX.
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Alternative approach: Dobrev-Schaumburg (2015)’s method

Estimated HRY measures:
e Unstable
e Affected by microstructure noise

e Sensitive to jumps

An alternative approach by Dobrev and Schaumburg:

e “High-Frequency Cross-Market Trading: Model Free Measurement
and Applications.” Working paper, 2016.

e Utilizes not price changes but timestamps of the trading activities

e Is not (directly) influenced by “microstructure noise” pertaining to
the behavior of the observed, “inefficient” prices
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DS’s method

e I/ =1 if traded at t; 0 otherwise. t =0,1,...,N, j =1,2.

T

e regular spacing with A = .

e Objective function to be maximized:

1N

—h
A(h) = A z It1]t2+h
= t=1

e where A:=min (), I}, >, I?).

e Modified objective function:

e where A := Tlﬂ Zf: g A(h).
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Figure 2 . MHAEHERERHK A(h) OFHEH (#7913 FG (8411), 2014 F 1 A 14
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Estimated DS measures: micro price, TSE vs JNX
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Figure 3: DSISIZDERHEB (EZIFEN\HMA, BRI 0 HMA): =% UFJ
T4 F Y v LT IL—T (8306)-=FHAREE (8801): TSE-INX.
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Summary statistics of estimated DS measures
summary over Period 7/22/14-12/30/14: Micro price, TSE vs JNX

Period 1 Period 2 Period 3

20130104-20140110 | 20140114-20140718 | 20140722—20141230
code mean stdev mean stdev mean stdev
s8306 | 0.0029 0.0020 | 0.0027 0.0018 | 0.0053 0.0010
s8316 | 0.0034 0.0012 | 0.0049 0.0066 | 0.0054 0.0011
s8411 | 0.0019 0.0090 | 0.0014 0.0099 | 0.0039 0.0021
s8604 | 0.0033 0.0025 | 0.0029 0.0028 | 0.0054 0.0018
s8766 | 0.0035 0.0209 | 0.0037 0.0102 | 0.0045 0.0010
s8801 | 0.0031 0.0276 | 0.0018 0.0289 | 0.0044 0.0014
s8802 | 0.0040 0.0221 | 0.0037 0.0011 | 0.0044 0.0009
s9020 | 0.0036 0.0024 | 0.0044 0.0071 | 0.0047 0.0010
s9432 | 0.0034 0.0014 | 0.0044 0.0053 | 0.0049 0.0010
s9433 | 0.0033 0.0022 | 0.0047 0.0070 | 0.0045 0.0010
s9437 | 0.0041 0.0158 | 0.0038 0.0014 | 0.0048 0.0011
s9984 | 0.0035 0.0011 | 0.0061 0.0021 | 0.0059 0.0014

Table 1 : DS#EFEOENMETE (B4 #): TSE-JNX, TE - REFXAIEY.
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ERERIE R D E-1

(TSE=ChiX, JNX-ChX D#RICDW\WTIE, mXADNEKRESR)

\

71— X 1HBIFERNLEN TRV, $#IREOHEEIZH 2D, TSE
TAVIUA XEEHER (72— X1BARIE Tz —X2EALRE) 21
RIDE, BELZRDLS ICERNTTRE:

e TSE-JNX, TSE-ChiX: TSENPTS ZmHiBICX LT, ¥4 I U7
o 71 —X 2L H5IC TSE-JNX |&, TSE DSciTER.

o INX-ChiX: SLTEITREDOZEIE 1 = UMK (FHRIBRFRLLT).
o 71 —X 2L, INX-ChiX IE, INX DFETHS ChiX DETANEZ1L.
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DS IHRDEHHETE (FEEA )

TSE vs JNX | TSE vs ChiX JNX vs ChiX
Period 1 | Buy Sell Buy Sell Buy Sell
mean 4320 2990 | 4410 3.880 | 1.590 -0.470
stdev 2.150 2.010 | 2.430 1.510 | 2.650 1.610
Period 2 | Buy Sell Buy Sell Buy Sell
mean 3.860 3.360 | 3.680 3.570 | 0.360 -0.360
stdev 0.860 1.650 | 0.720 0.590 | 0.980 1.600
Period 3 | Buy Sell Buy Sell Buy Sell
mean 4530 4.560 | 3.690 3.600 | -0.630 -0.820
stdev 0.530 0.520 | 0.810 0.490 | 0.600 0.350

Table 2 : DSIBZEDOENHETE (TOPIX100 BRERSIEDER, B S UM).
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DS 151 (#81 - HiF2M¥13): cEBA R - KEw5
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Sell: jnx_chx, topix100
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Figure 4 : {ERIAIA DS 515D, KksElH (&H) (CH T2 T —FHERN O #iRE
A& (fitdH) (TOPIX100 #41): TSE-JNX (_EE®), TSE-ChiX (FER),
INX-ChiX (TE). EWAMRE (L), 580 AHm (G5).
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BHRERDER-2

ERRARER:

o 71 —X1EAF cEARBOIERIREKR. £FiC, T80 AIZE WE
ICEE URITENY A F A ARICAIE.

e 7 —X 28 AR, FITEDTEAMMEDERIHEN.

S5, TSET v IYAXZTHE|ICLD,
e TSE-JNX, TSE DFATE, FFicF D BITKRIEE.
o TSE-ChiX, TSE OF&ITE, $FICE LMAI TR

o JNX—=ChiX, BUMEIE ChiX HVE Tb‘bf‘ﬁﬂ lcZA4k, 5 DAL ChiX D
STREYE.

1 HA#ER:
e SELhAMIC “UFH” 71— 1EAFICTEE.
e BEWAHR, 7z —X1BAH], HTD WU F (Rfcld@)F) &
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Panel regression analysis

® Want to explain how the lead/lag indices are generated in terms of observable
characteristics of the stocks.

e i-th stock, j-th day, ¢t-th time bin
e Covariates (group 1): Ratios between market pairs
o RVrij = log(RV;};/RV;},): Realized volatility ratio
o NQrij: = log(NQm/NQm) # quote revisions ratio
o LTSrij: = log(LTSm/LTSm): average lot size ratio
o Sprij: = log(Sprwt/Sprm) Spread ratio (to mid price) ratio
° QArij =log(QA,/QAY;): Depth (on Best Ask) ratio.
* QBrij =log(QB,/QB;,): Depth (on Best Bid) ratio
e Covariates (group 2): Aggregate values of the three markets

e RVagij+: RV of the aggregate market
e RETtsij: Log return on the TSE
e TVag;;:: Total share volume of the aggregate market

® All the variables are standardized.
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Panel regression analysis

Fit a linear mixed effects model to the panel dataset.

Yijt = éijt . i-th stock, j-th day, ¢t-th time bin

T: time-of-the-day effect (¢t = 1,...,10), 6-level factor
e Split the trading hours (300 min.) into ten 30 min. intervals.
e Bin 1: 9-9:30, Bin 2: 9:30-10:00, ..., Bin 10: 14:30-15:00
e Use only Bins 2, 3, 4,7, 8, 9.

Dir: Buy direction/ Sell direction, 2-level factor

y ~ (1|Code) + (1|Y'md) + T + Dir
N ¥ 2 ~— <~
random ef fects 6 — level factor 2 — level factor

x | RVr+ NQr + LTSr 4+ SPRr + QBr + QAr

covariates (group 1)

+RVag+ RETts 4+ TVag

covariates (group 2)
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Panel regression

o« F—Fty NEHEAIC 3NEIL, FIBRTEICER.

o MFNTIER. BRRRE DA

e B RSTa4UTal, PTRVBT TR, %.
o & X7/l v Rt

o FK (2015, 2016) DIFR & T3 UHEEHI TR,
o HEMERDOIERMIFMEAE LU TEHAE
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