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Abstract

This study makes an empirical comparison of various realized volatilities (RVs) in terms of overnight returns.
In financial asset markets, during overnight or holidays, no or few trading data are available causing a
difficulty in computing RVs for a whole span of a day. A review will be made on several RVs reflecting
overnight return variations. The comparison is made for forecast accuracies of several RVs for some financial
assets: the US S&P500 index, the US NASDAQ index, the KOSPI (Korean Stock Price Index), and the
foreign exchange rate of the Korea won relative to the US dollar. The RV of a day is compared with the
square of the next day log-return, which is a proxy for the integrated volatility of the day. The comparison
is made by investigating the Mean Absolute Error (MAE) and the Root Mean Square Error (RMSE).
Statistical inference of MAE and RMSE is made by applying the model confidence set (MCS) approach and
the Diebold-Mariano test. For the three index data, a specific RV emerges as the best one, which addresses

overnight return variations by inflating daytime RV.

Keywords: realized volatility, high frequency data, overnight return, proxy, model confidence set, Diebold-

Mariano test
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Figure 2.1. Intraday observation time points and corresponding realized volatilities.
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Figure 3.1. Daily prices P, that is, the index values.
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Figure 3.2. Daily log returns r.

Table 3.1. Basic statistics of the daily index value P, and daily log return r

Mean Std. Skew. Kurto. Min. Q1 Med. Q3 Max.

KRW/USD 1091.0 117.8 0.848 1.382 900.4 1011.4 1091.4 11429 1570.1

Daily index KOSPI 1747.0 278.9 —0.709 —0.554  938.6 1549.9 1843.1 1971.0 2229.0
value P NASDAQ 2357.9 829.7 0.917 —0.049 1036.2 1773.0 2095.7 2770.9 4536.8
S&P500 1392.8 311.6 0.468 —0.149 676.7 1202.1 1347.1 1525.2 2117.7

KRW/USD 0.002 0.82 —0.80 46.78 —13.24 —-0.33 —0.02 0.30 10.34

Daily log KOSPI 0.020 1.38 —0.57 8.48 —11.19 —0.58 0.06 0.70 11.32
return r¢ NASDAQ 0.040 137 —-0.14 7.08 —9.27 —-0.55 0.10 0.70 11.34
S&P500 0.020 1.31 —-0.26 10.00 —9.79 —-0.44 0.07  0.58 10.71
Note: Unit for the statistics (except for skewness and kurtosis) of r; is bp (basis point), 1 bp = 0.01%.
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Figure 4.1. Four RVs of the KRW/USD.
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Table 4.1. Basic statistics of the RVs

Mean x 103 SD x 103
RVSc1 RVS¢2 Rysum vagh RVs€1 RV s¢2 Rysum vagh
KRW/USD 0.067 0.074 0.073 0.067 0.380 0.418 0.328 0.299
KOSPI 0.189 0.187 0.195 0.189 0.443 0.437 0.451 0.420
NASDAQ 0.188 0.175 0.175 0.188 0.381 0.353 0.347 0.368
S&P500 0.171 0.143 0.147 0.171 0.443 0.369 0.359 0.419

Table 4.2. MAE and RMSE of the RVs

MAE x 10° RMSE x 10°
RV*€1 RVs°2 Rvswm  Rywoh RVs¢1 RVS¢2 Rvsvm  Rywgh
KRW/USD 7.789 8.185 8.125 7.914 50.788  52.706 46.103  45.149
KOSPI 19.328  19.233  21.417 20.029 52.974  52.850 54.532  51.997
NASDAQ 19.020  18.478  19.041 19.202 48.292  47.965 48.406  47.876
S&P500 16.838  15.768  16.466 17.280 48.175  47.489  47.916 48.233
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Table 4.3. P-value in the model confidence set analysis

Absolute error loss Square error loss
RVSc1 RVS¢2 Ry sum vagh RVs¢€1 RVs¢2 Rysum vagh
KRW/USD 1.000 0.203 0.532 1.000 0.000 0.000 0.000 1.000
KOSPI 0.000 1.000 0.000 0.000 0.445 0.603 0.000 1.000
NASDAQ 1.000 1.000 0.997 0.085 0.886 1.000 0.678 1.000
S&P500 0.000 1.000 0.000 0.000 0.721 1.000 1.000 0.467
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Table 4.4. P-value for the Diebold-Mariano test

Absolute error loss Square error loss
mq ms2 m2

RV#®¢1 RV®c2 RVs“™ Rywoh ISAVASCINNN SAVASC I S VAL RVw9h
Rv#4 - 1.000 0.801 0.606 - 0.936 0.170 0.153
RV#¢2 0.000 - 0.447 0.301 0.064 - 0.127 0.119
KRW/USD RVS¥™  0.199 0.553 - 0.018 0.830 0.873 - 0.083

RV¥9h  0.394  0.699 0.982 - 0.847  0.881 0.917 -
Rv#4 - 0.000 1.000 0.993 - 0.029 0.710 0.267
KOSPI RV#¢2 1.000 - 1.000 0.998 0.971 - 0.724 0.295
RVS¥™ 0.000 0.000 - 0.000 0.290 0.276 - 0.031

RV¥9"  0.007 0.002 1.000 - 0.733  0.705 0.969 -
Rv#4 - 0.000 0.526 0.824 - 0.222 0.528 0.338
NASDAQ RV#¢2 1.000 - 0.971 1.000 0.778 - 0.614 0.464
RVS¥™ 0.474 0.029 - 0.882 0.472 0.386 - 0.230

RV%9" 0176 0.000 0.118 - 0.662  0.536 0.770

RV®4 - 0.000 0.114 0.945 - 0.212 0.430 0.519
S&P500 RV#¢2 1.000 - 0.998 1.000 0.788 - 0.682 0.767
RvVs*™ 0.886 0.002 - 1.000 0.570  0.318 - 0.704

RV%9"  0.055 0.000 0.000 - 0.481 0.233 0.296 -

Note: Each p-value is for the alternative hypothesis that the corresponding upper statistic is better than
the corresponding left statistic.
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Table 4.5. MAE and RMSE of the RVs based on 1 and 10 minute sampling
MAE x 10° RMSE x 105
RVSc1 RVS¢2 Ry sum vagh RVs€1 RVS¢2 Rysum vagh
KRW/USD 7.503 9.353 8.673 7.530 46.118  50.007 45.988 44.608

1 minute KOSPI 20.347 18.649 20.952  20.407 55.214 55.053  56.901 54.643
sampling  NASDAQ 18.608 17.984 19.088 19.011 47.228 46.880 49.236  47.831
S&P500 16.582 14.882 15.318 18.666 47.648 47.410 48.012  52.208
KRW/USD 7.874 8.115 8.094 8.303 58.2563 60.073 47.646 45.560
10 minute KOSPI 19.341 19.187 21.146  20.185 53.277 53.074  53.641 51.938
sampling  NASDAQ 18.905 18.317 19.015 19.585 48.015 47.525 48.596  48.743
S&P500 16.877 15.725 16.662 17.366 49.354 48.259 49.174  49.352

4.2.4. ZEHQ EIL 4278004 AW Al 7HA vla AAE =2t ettt 4.2.18¢ MAE,
RMSE Z3}e} 4.2.222] MCS test 23}, 18|11 4.2.322] DM test A4S BF £3l5to] ARy
&3 4] tlolHzEe Aol & AT 4 Ut

9/28]382 MAE 7|&02 RV*, RMSE 7|&2& RV 7 JARFPow A ry. MCS &
Aol A A ex} £ g RV, RVYo] BE Fo myolehs Ayt Ugronz st
RV¥" 7} AAwEA 4 X2t & 5 Ao

I Al ZFA 4] dlolEle] 2E St AuEal WA Aot SAds TEe FdsE Al
Al 7] 2R B RVE2e] MAEZF #4olal, MCS #4 23 RV 27} 1§gh= Zéﬁ s Aot
DMAAE oleldt AMdg sEsiErh. weba RV 27F 43 $& Ryoleke AMdS Al 7HA] #
A AAE FE AT ST oloA Al oA EAYs VEE s EE S&P500> RV
RMSE7Z} 7bd 2431 MSC 24 A3} RV*27} 19] 3 olch. KOSPIgE NASDAQ-2 RV 7} 31 A,
RV*e27} &= AR Z RMSEZ} &t} A7 MCS 2423} NASDAQS RV & 3% 192 Eka,
KOSPI= RV*©27} 29] o] A uk pgro] 0.678 22 27| ¢kok7] wfZol vhE Ryeleta & 4 glrk. ol&
oz 24 dojH o] AWM FA thit HA FAHAE Fohe PHoEE F A 2724 Yol
7V vk & 4 Atk

4.3. H=d ZHH0l ME Ve 24

EEEEET
7 fAS A 3o
RMSE £4-& 33ith.
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