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Introduction

B Estimation of volatility (Conditional variance of asset return).
= VaR, Option pricing, etc.

B High-frequency data.
e.g. Hourly data, 30 minutes data, ---, 5 minutes data, Trans-
action data (Raw data)



DGP:

dp () =p(H)dt+E W) dz(t), 0 <t<T

nx1l nx1l nxXn nxl1

Observed points:
O=1th <ty < - <t <---<thy | <th =T
Volatility matrix:

Q(t) =X (t) = (t)



Estimation of integrated volatility [¢ Q(t)dt

= Quadratic variation:
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Realized volatility




Weighted realized volatility

N; N : Nf\Nj
Dij = Y > wApi(tp) Ap;(t)) = Ap;, W Ap;
k=1[=1 1x N, N.x1

where Ap; = (Ap(t]), -+, Api(th)).

Examples:

1. Realized volatility calculated by using interpolated data
2. Realized volatility calculated by using raw data

3. Fourier series estimator (Malliavin and Mancino, 2002)



Interpolation and realized volatility

Unevenly §£)aced data Evenly spgced data
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B Realized (cross) volatility
M
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= Interpolation bias




Previous-tick interpolation

Tia | >T/3

B Observed point; [ Interpolated point




Weight matrix for the previous-tick interpolation (i = 5):
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Linear interpolation
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B Observed point; [ Interpolated point
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Weight matrix for the linear interpolation (i = j):
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Raw data realized volatility: >
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Nonsynchronous observations

T ' | oT/3

B 1st asset; [ 2nd asset
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. N; Ny , .
Raw data realized cross 5B _ 3§~ Ag, (th) &p; (1) I (A)

volatility p—1 =1
where A = {(t}f;,t’;;_l) N (t{,t{_l) + (D}.
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Previous tick interpolation and Previous tick interpolation bias

realized cross volatility .2 .3
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Fourier series estimator (Malliavin and Mancino, 2002):

2 Q

of = % S (aq(dp)aq(dp;) + bg(dp;)bg(dp;))
q=1

where

2

oaCap) = = [ cos(ar)ap(t), by(dp) == [ sin(at)api().

=
1 Cif =1,

@+1)(t-1)
Whl = sin 2 C03 2 otherwise
—t

16



MSE-minimizing weight:

Jo wijdt [rh 1y wijdt

Wi =
& v 11 + 2 ug}
where
/ dt 2+ /tk dt /t dt
v p— w Wisas w
& I(kg) o1 t_q V7
>
_ (ff(k,l) wwdt>
U = o

B Densely-sampled/less volatile period = Larger weight
B Coarsely-sampled/volatile period = Smaller weight
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A feasible estimator:
/I(k,l) wz-jdt = Ap; (t}g) Apj (t‘Z)
[ wde = { (1))
/T wz-jdt = Z Ap; (tz,) Apj (t‘ly) I(A)

0
= Naive weight
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Monte Carlo study
dp1(t) \ _ [ o11(t) o12(2) dWy (1)
( dpo (1) ) = ( 021 (1) 022 (1) ) ( AW (1) )  0se=d
dO‘ij (t) =k (9 — O0jj (t)) dt + ’ydWZ’j (t), i, =1,2.

where x = 0.01, § = 0.01, and v = 0.001 and T' = 60 x 60 X
24 seconds. Time differences are drawn from an exponential
distribution with mean 45 seconds for p; and 60 seconds for p»>:

F(th—th 1) =1—exp{-X(th—ti_1)}, i=1,2
where F' (-) denotes a cumulative distribution function, A\; = 1/45
and Ay = 1/60.
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1st asset
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2nd asset
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Cross volatility
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Summary

Contributions:
B A framework for comparing several methods
B An estimator of cross volatility

Remaining works:
B To improve feasible estimator
B Correction of interpolation bias

Thank you for your patience.
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Bias corrected estimator for
previous tick interpolation

Bias corrected estimator:
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