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Al INFORMATION CONTENT — MONTHLY DATA

Monthly Estimators In this section, we repeat the analyses on the information content
in the main paper using monthly return data. The results are reported in Table Al. Except
for KKS1 and BV, the univariate regressions in Panel A of the Table show all approaches
to be biased for all portfolios, having an intercept significantly different from zero, a slope
parameter significantly different from one, and consequently a strongly significant F-test.
For BV, the F-test yields significant values in only three out of the five cases, while KKS1 is
shown to be biased for four of the five portfolios.! Throughout all approaches, except KKS1,
that does not rely on return data at all, the adjusted R? is substantially smaller than that
in the regressions using daily estimates, with most values being close to zero. The highest
adjusted R? is obtained for the BV approach, being the only one, except KKS1, that has
substantial explanatory power over all portfolios.

In the encompassing regressions in Panel B of Table A1, the general performance is poor
and not much can be stated about methods being informationally more efficient or subsuming
one another, except that the BV approach turns out to be informationally more efficient
compared to all other approaches. For some portfolios, BV even subsumes all information
incorporated in these approaches, while it is also shown to be informationally more efficient
than KKS1, which does not rely on return data at all. Again, the adjusted R? substantially
increases when adding BV as an additional explanatory variable in every case.

Daily versus Monthly Estimators Table A2 presents the results of directly compar-
ing estimators relying on daily versus monthly data. It can be seen that daily estimators are
mostly informationally more efficient than their monthly counterparts for HIST, RW, and
BV when evaluating the estimates using realized beta computed from six months of daily
returns. Thus, especially when estimating beta for short horizons, relying on daily data is
favorable. Naturally, our study design inherently favors estimators based on daily data by
evaluating the estimations using realized beta, which is itself based on daily data. Further-
more, the time period, in addition to only the sampling frequency (daily versus monthly),

differs between daily and monthly estimates (one year versus five years). Consequently, part

Note that the overall results change as the stocks are sorted differently using monthly historical beta
obtained in the sorting period.



of the difference in informational efficiency could also be induced by that. Thus, caution has
to be applied when aiming to generalize these findings.

In summary (including the results of the main paper), estimators using daily instead
of monthly return data yield a better performance, and in both cases the Buss and Vilkov

(2012) approach is most favorable regarding informational efficiency.

A2 ESTIMATION ACCURACY — ADDITIONAL LOSS

FUNCTIONS

We examine three additional loss functions, commonly applied in the literature, namely
mean absolute errors (MAE), mean absolute percentage errors (MAPE), and mean squared
percentage errors (MSPE) to evaluate the performance of the different beta estimation tech-

niques:

1 n
MAE = EZ ‘ 557" - Ct,T |7 (Al)

MAPE = —Z| BtTﬁ TQT . (A2)

MSPE = Z(B”B C”’) . (A3)
t,T

Here, n is the number of estimation windows, BET again denotes the realized beta over a
period from ¢ until 7', and ;7 is the respective beta estimate.? Patton (2011) shows that
only MSE, as opposed to the loss functions employed here (MAE, MAPE, and MSPE), is
robust to the presence of noise in the evaluation proxy. Thus, further care has to be applied
when interpreting the results presented here.

Daily Data Table A3 summarizes the estimation errors using daily return data in more
detail. Starting with MAE in Panel A, we observe that BV yields the smallest estimation

error (as indicated by italic font) for four and RW yields the smallest estimation error for

2Note that the percentage loss functions exhibit very high values when realized beta gets close to zero
which, unlike in many other situations such as volatility estimation, is certainly possible in the case of beta.
Thus, MAPE and MSPE must be interpreted with care.



one portfolio(s). On average, BV obtains the lowest error, followed by RW and HIST.
Considering RMSE in Panel B, the results are quite similar. Regarding MAPE and MSPE
in Panels C and D, the results rather favor RW, but for four and three portfolios BV still
yields the smallest MAPE and MSPE, respectively. Performing best in the portfolio with
lowest historical betas during the sorting period, RW yields the smallest average MAPE and
MSPE. For all loss functions the fully implied CCJV and the GARCH DCC achieve the
worst and second-worst performance, respectively.

To further examine the results, we analyze whether the differences we observe in Table
A3 are statistically significant. Table A4 presents the mean differences in absolute errors
(AE), squared errors (SE), absolute percentage errors (APE), and squared percentage errors
(SPE) in the upper triangular matrices and the respective median differences in the lower
triangular matrices.

Looking at Panel A in Table A4 we find that BV always obtains lower average mean and
median absolute errors than the other methods. These differences are statistically signifi-
cant for all portfolios compared to DCC, FGK, CCJV, KKS1, and RPadj, whereas when
comparing to HIST and RW, the MAE is significantly lower for two and one portfolio(s)
and the median AE is significantly lower for four and three portfolios, respectively. HIST
and RW outperform all other methods (except KKS1 and BV) for at least four out of the
five portfolios. Examining the other loss functions SE, APE, and SPE the picture is quite
similar, except that RW obtains the smallest average (mean) errors in both percentage loss
functions, but even so the (net) significance is in favor of BV, which also has the smallest
average median errors over all loss functions including the percentage loss functions. Never-
theless, the evidence indicates that overall the BV approach obtains the best out-of-sample
accuracy, followed by RW and HIST.

Monthly Data Looking at the estimators using monthly return data in Tables A5
and A6, the picture is even clearer. We find that BV, computed with the correlations over

the past five years of monthly returns, significantly outperforms all other approaches based



on monthly return data.> Moreover, BV based on monthly return data seems not to produce
larger outliers compared to the other methods, since the results from mean and median loss
functions are quite similar. While the fully implied KKS1, that does not rely on return data
at all, is the second-best estimator, the historical estimate (HIST), based on five years of
monthly returns, significantly outperforms all other approaches at least partially relying on
historical return data, except monthly RW, in at least two of the five portfolios each, while

RW is also frequently outperformed for some portfolios.

A3 DETAILED RESULTS ON SECTION 1V OF THE MAIN

PAPER

In this section, we present the results of Section IV of the main paper, namely longer horizons,
further models for implied beta, option liquidity, and further time-series models, in more
detail. In Table A7, we report the RMSE of each of the individual portfolios, instead of only

the averages. The discussion of the results can be found in the main paper.

A4 BIAS REMOVAL

In this section, we provide further insight on the information content of estimators on which
we have performed the simple bias removal, scaling the estimates so that the value-weighted
cross-sectional average beta of each estimation techniques equals one (Section IV.E of the
main paper). We perform univariate and encompassing regressions as in equation (28) in
the main paper. The results are presented in Table A8. For HIST and RW the bias (as
can be seen in Table 1 of the main paper) is very small and the removal does not change
much. Considering the F-test, for only one portfolio the null hypothesis of unbiasedness

cannot be rejected for HIST. DCC and CCJV are still biased, but their explanatory power

3Note that the even lower average errors compared to the BV approach using daily return data result
from the slightly different sorting approach using five years of monthly returns, yielding substantially less
dispersion in the respective beta estimates for the portfolios and thereby reducing the probability of large
errors (and even more strongly reducing the probability of high percentage errors, as realized beta only rarely
comes close to zero). When sorting the daily estimates in the same way all, loss functions yield lower errors
when using daily return data.



increases substantially compared to the non-bias-removed estimates. The biggest impact of
the bias removal is obtained on FGK and RPadj, leaving both unbiased for two out of five
portfolios after setting their value-weighted cross-sectional average to one. Nevertheless, in
encompassing regressions together with BV, BV is still shown to be informationally more
efficient.

Table A9 presents the results of further possibilities to try and remove the bias in the
estimates. In particular, we perform the regressions as described in Section IV.E of the main
paper on the level of individual estimates. This might be more precise than the portfolio
approach considered in the main paper. For each firm, we first regress the six-month ex post
realized beta on the ex ante estimates obtained by each approach using the estimates and
realizations available at time ¢ during the period ¢ — 17 up to ¢t — 6 (as realized beta with a
six-month window is only available up to t — 6 at time t), namely 12 monthly observations.
After obtaining the regression coefficients a and 135, we manipulate the current estimates
using the following equation:

ADJ __ - | 7 2UNADJ
T = a+b8j; , (A4)

ADJ

0 and

where T AD]

are the adjusted and unadjusted estimates, respectively. In a second
approach, analog to the main paper, we combine the estimates with HIST.

In Panel A of Table A9, we present the results for the individual regression approach. It
can be seen that all approaches produce a larger average RMSE compared to the uncorrected
BVYC. Combining the estimates with HIST, shown in Panel B, also does not yield an

improvement.



References

Buss, A., and G. Vilkov. “Measuring Equity Risk with Option-Implied Correlations.” Re-
view of Financial Studies, 25 (2012), 3113-3140.

Newey, W. K., and K. D. West. “A Simple, Positive Semi-Definite, Heteroskedasticity and
Autocorrelation Consistent Covariance Matrix.” Econometrica, 55 (1987), 703-708.

Patton, A. J. “Volatility Forecast Comparison Using Imperfect Volatility Proxies.” Journal
of Econometrics, 160 (2011), 246-256.



(00°0) 0905z 100 (96'21-)  80°0- (60°TT) SC'1 9
(00°0) T€G9E 100 (8T°€1-) <00 (28721) 10T i2
(00°0) 0028  L0°0 (6€°21-) 2T0 (9€°61) 060 €
(00°0) 16766  11°0 (¢2°91-) ¥1°0 (tz-21) 280 z
(00°0) L67€ V00 (zz'11-) 910 (87°T1) 690 1 00a
(00°0) @8CL  F0O0 (e6°2-) €20 (e18) 060 c
(00°0) eFEEr €10 (T2 e1-) 910 (9g°e1) 680 v
(00°0) 06921 ¥0°0 (gz01-) 910 (€001) S8°0 e
(00°0) 6€TEE  6T0 (e8°T1-) 220 (e821) 690 z
(00°0) ¢F99 000 (99°¢-) 80°0- (8L'9) ¢80 1 MY
(00°0) 98°TIT 000 (¢001-) o010 (92°6) 90T g
(000) ceL6T  TE€0 (ez'q1-) €€0 (12'91) 120 2
(00°0) ¥8F6  L1°0 (69°9-) €0 (08'9) 690 €
(00°0) €¥09¢ 620 (9v°11-) 8c0  (6T'€T) 0L0 z
(00°0) S¥'99T €00 (6g9-) ¥z 0- (s1°2) 9670 T ISIH
d %] o (9 frraiq (9 Adq (9 1830q (9 Arong ()2 0dq (@2 ©99dq (g7 Mg (@2 IS1Hq (o)1

SUO01SSAUIRY 9IDUIDOAUY) " 19UDT

"SUOT)RATIOSO ATIUOW (pPopnyout st
(pedy woyMm 88T) R6T UHM gT(0g Ioqueda(] [Iun 9667 Arenuep st potod ojdures oy T, '[oAd] %, G 9} 18 90URDYIUSIS 9)RIIPUI JUOJ P[Oq Ul sonfea-d pue
SO13S1YR)S-7 "A[A1109dsal ‘G pue L] I0J ©SIOA 90IA pue 019z 0} [enba sI JUSIIaod odo[s Pu0odas 9} pue duo 03 [enbo sI JudIdIJood odols IsIl oY) e)
St s1so)0d AT SurAprepun Jurol o) ‘g [ourRJ Ul SUOISSAISAI 9)RLIRAI)NU U] 9UO0 0} [enbo Sureq jusnigeod ado[s o} pur oloz 0} [enbs Juteq jdedrojur
o1[} Jo stsoyjodAy Jurol oy 3503 om (T ul pajiodor) 90 1) I0] ‘Y [oURJ Ul SUOISSOIF0I ojelrearun o) uJ ‘sonjea-d Surpuodseliod o1y soAld d pue
O1PSIYR)S 4893 O} 0} I0Jol & pue L SUWN[0D O], "SUOISSOIZIL 0} JO ;3] pajsnlpe oyj soj0usp %mm ‘(g [PuR{) SUOISSOIZI 9JRLIRAT)NU UT OI0Z JSurese
10q 959} am o[Iym ‘(Y [oUeJ) SUOISSOISI 9)RLIRATUN BT[) Ul SUO JSurede q pur 0Ioz jsurede » 159} am a1aym ‘se] 9 Sutsn ((*)7) so19s1IRIS-7 (L86T) ISOM
pue AomoN 210do1 om JUSIOYJO0D UOTSSAISI (DR 10, A[oA1)09dSal ‘“e1a( 10] ojeuUIl)se pajsnipe wntwold S pue ‘Aq ‘TS ‘ArLDD MOHA ‘DDA Mrem
WOPURI ‘[BILI)STY 91} 10 S0 odo[s 91} 0} I0Ja1 Prddq pue ‘Adq ‘1SMMq ‘ALDDq ‘XDAq ‘0Ddq “‘MUq “LSTHq ‘}dedI0jul UOISSIISOI O} S9j0Udp D
‘PoIYSIom-on]eA dIe SUINGAI PUR SB)aq OI[0J3I0J "sor[ojiiod o[pumnb 03 pajedso[e sy} aIe s3209)s oY, "Y}3us[ enbo asey pue de[1oAo noym aIe sporiod
UOT)RTUII)SO PUR SUILIOS O], "819q [@ILI0)SIY o1} JO poliod uoryet)se a1f) a10joq A[1o113s potrad Suryios e ut paurelqo ejaq (() uorrenba) (esr1olsmy o)
07 ZUIPI009R IOPIO SUIPUSISE UR Ul SOPRUIIISO INO 1I0S OM ‘[JUOU [ORG] "UOISSOIZOI OUO 03 SPU0odsolIIod mol oy ‘A[oA1}oadsar ‘sorjojriod 9AT 973 JO oed

I0J S9YeTT)So dYwe X0 ATyuowr Surjoduiod Uo SYIIOUW XIS JO UOZLIOY 1) ISAO I PazIeal }sod Xo JO SUOISSISeI oI SHNSAI o) syuasaid a[qe) ST,

ele(q A[UIUOJN — ejoq pozi[eay I10j sojewnl)sy Suisseduiodu;] pue ajelIeAlu() TV O[qel,



(00°0) orvst (000) 9519 100 (86°0) 800 (F11) 010 (ev'%) <60 G
(00°0) 6816L (000) 8TGST  FHO (eLz) 9170 (21°8) 9¢°0 (82°9) 670 i
(00°0) 99:69¢ (000) 9L68T  €€0 (2L%) LT0 (89%) 7v¢€0 (66'%) 970 €
(00°0) 00€19 (00°0) 0£L8% 080 (¥8°1) 200 (og%) 620 (10'8) 090 4
(00°0) 1e€st (000) 8G8FT 030 (09%) 620 (¢0'0-) 000 (eg'¢) 190 T ArDD + ISIH
(00°0) 098z (00°0) LIFL 800 (2z'1)  6€0 (ee'07) <00~ (8¢'%) 1670 g
(00°0) 67681 (00°0) LLT6T €0 (01°0) 100 (86°9) ceo  (8T'IT) 1L0 i
(00'0) 7621 (000) €576 LTO (L10)  €00- (ve'e) ve€0 (ze'9) 690 €
(00°0) 1¥¥81 (00°0) 06'6.c 620 (gL0)  80°0- (92°8) @£0 (ge11) 120 4
(000) 9799 (000) 6290T €00 (61°07) 2070~ (rL0-) 180 (0£'9) 8670 1 MO + LSIH
(00'0) 996v¢c (000) €6€9 €00 (ee1-)  €ro- (121) 610 (84°6) 601 g
(00'0) cevL8 (000) G060z  9€0 (ov'1-) 6070~ (gg'g) ov0  (8T°LT) €L0 2
(00°0) 8918 (000) 9eF6  L1°0 (01°0) 000 (s0'¢) €€0 (98'9) 890 4
(00°0) 0z98¢ (00°0) LT 680 (8€°0) 200 (92¢) 9z0  (082T) 690 4
(00'0) 6g6e1 (000) €e¥er 110 (69727) €20 (6L1-) ¥€0- (92'9) 880 1 00a + ISIH
(00'0) 20z (000) TE€LY <00 (91°2) 880 (121-) 080~ (06°8) 860 g
(00'0) 6818¢ (000) ST00T V€0 (¢¢'1-) o010 (be'8) w0 (18°9T) 0L0 i2
(00°0) .gz.1 (000) 0TI0T 020 (eL1-) 610 (gre) Lvo (82°L) €L0 €
(00°0) 1€80¢ (00°0) €8°.8¢  0£0 (Fe'1) <10 (0z'1) ¥v10  (€2°2T) 890 z
(00'0) 0528 (000) TT90T  £0°0 (0g0) 900 (9¢'1-) 9270~ (1e°9) €60 1 MY+ ISTH
d o d Ly ::ME (9)2 fpodig (@) 4dq (q)7 18339 (9)7 Arodq (q)r ddq (q)7 ©20dq (q)y Mmuq (q)7 LSIHq ()7 »

SUO0LSSALIRY IIDIDAAYNIY " 19UDJ

(00°0) geTET  FEO (9v°e-) v 0 (te'v) Lo g
(00°0) 98€8¢ 200  (BT'TIT-) 200 (16°21) 10T ¥
(00°0) 200 (26°2-) 800 (¥1°01) ¥6°0 €
(00°0) 600  (0L°GT-) 110 (FT°61) T80 4
(00°0) 80°0 (€6°2-) ST0- (€96) <60 1 fpedy
(00°0) 620 (€80) €91 (080-) 8570~ ¢
(00°0) 69°0 (91°0) 10T (¢1'0) 100 14
(0¥7°0) %60 7€0 (cz0) #01 (61°0) #0°0- €
(gz°0) W1 05°0 (97°0-)  96°0 (8¢°0) €00 4
(t0r0)  ¢r¢ 150 (t70) 21t (15°0-) €10~ ! Ad
(00'0) 28T 60°0 (290-) 8.0 (78°0) €0 4
(00'0) 18801  ¢9°0 (92°0-) 8670 (901) 200 id
(ve0) 2071 920 (82°0-) ¥6°0 (ze'0) L00 g
(00°0) 6291 9€°0 (61°0) €01 (L&707) 9070~ 4
(00°0) crer 810 (12°0) 0T (9%°0-)  ¥1°0- 1 1S3
(00°0) S0GLT 100 (62°9-) 800 (e7'9) 60T G
(00'0)  €S°L1S 900 (99'¢1-) 210 (29°€1) €670 i
(00°0) 1979 €10 (16'%1-) 91°0 (eve1) €80 g
(00°0) ¥8TIL  T00- (e2'%1-) 000 (g0°21) €60 z
(00°0) o0L68%  0T0 (6v°6-) 620 (0g'9) 090 1 ALOD
(00'0)  L0°00F 600 wez-) Le0 (€9°¢) 980 G
(00°0) <S¥gel VIO (96°9-) 920 (zv'6) 980 i4
(00°0) 1T°CT6 L0 (96'%-) 120 (18°2) 980 g
(000) cevLel IO (66°2-) 920 (ot°e1) LLO 4
(00°0) €08LF 200 (09'%-) ¢€z0- (1g'9) @60 1 MDA
d [t Por (9)r  frodig (92 2dq (92 1520q (92 Aroog (q)2  1odq (92 90dq (q)2  Muq (92 Ls1Hq (0)p v

(panuiguoo) v fpyruopy — 3R PIzYDIY 40f $aIDWYSs burssnduwoousy pup 2I014auy) Iy 9190



(00°0) geLtt  (00°0)  L0T¢ €70 (80°%) 0£0 (20'2) 00T (1g°0-) o0g0- ¢
(00'0) ¥¢z8st (00°0)  0FLT 690  (€9°T7) 200-  (0%°€I) 80T (L00) 000 ¥
(00'0) 7609 (00°0) 006  <€0  (L0°07) TOO- (z7's) 60T (8€°0) 800~ ¢
(00°0) e 1g0r  (10°0) s8¢ FRO  (9807) @00- (9¢'9) 960 (¢e0) ¥00 ¢
(000) ¥r01€  (00°0) 8LF 660  (3907) 90°0- (z9¢) 60T (@z0-) 900~ 1 [pedy + Ag
(00'0) €09  (00°0) 6008 630 (68°1) LT (86°07) 20" (8L0-) 050~ ¢
(000) €06 (0000) 096 890 (6£2) veo (19'2) 190 (11°0) 100~ ¥
(2g0) 120 (00°0) TFIT  €£0 (20'%) 960 (8¢0) 010 (¥z'0-) <00~ ¢
(zo'o) s8¢z (00°0) 0808 160 (8T%) sz1 (9071) SF0- (001) 210 ¢
(#0'0) 70 (00°0) GSET 8GO (60'z) 60 (¥780) 9€0 (68°0) 260~ 1T Ad+ IS
(00'0) s¢'¢  (00°0) GE'€ST 630 (8%'2) 1¢1 (¢7°0)  s0°0 (180°) @90~ ¢
(t00)  ir¢ (00°0) SOL9TT 990 (e¥°9T) 8670 (r1) 00 (62°0) T00- ¥
(¢0°0) 68T (00°0) 1968  ¢€0 (96'%7) 670 (2e1) S00 (100) 000 €
(000) €gL  (0000) FPLG6 €50 (16'6) 20T (¢e'z) o010 (L01-) €r0- ¢
(00'0) ¢¥az  (00°0) 8F'8ET  0F0 (96°2) 860 (€277) 720 (¢80-) ¢z0- T  Ad+ ALOD
(00°0) 9¢601 (00°0) ¥¥'S6 0v0  (26') 0L0 (eg2-) 690" (¢8'9) <60 ¢
(00'0) 66879 (00°0) 9£T8T Te0 (L87T-) 0OF0- (2¥%) €80 (eg0T) 6L0 ¥
(00°0) 96:0zF (00°0) TEIT el0  (99'1-) 8O- (08°2) 990 (g1'8) 8L0 ¢
(000) zrez9  (00°0) 0zEST 010 (CT°07)  TO0- (Fe'1) 920 (eg's1) 8L0 ¢
(00'0) 1622z (00°0) 69'8L 010 (6G°T7) LFO- (86°0) 270 (Pe'9) T80 T [pedy + MDA
(000)  9¢8¢  (00°0) 90°0L TI€0 (19'2) ov1 (16'0) 080 (¢807) 190~ ¢
(00'0) 9%  (00°0) €S8LF 190 (se6) a1t (Le1) 1r0- (0€°0) 200~ ¥
(L9°0) 600 (00°0) IS8T €€0 (28'%) ¥0'T (20'0) 000 (61°0-) ¥0'0- €
(8g0) 820 (00°0) €0°TOE 050 (ggL) @60 (9¢'0) €00 (9%°0) ¥00 T
(¢€0) 670 (00°0) ST'6IT  Lg0 (¢6'¢) ¥1'L (0z°0) €00 (¥90-) ¢ro- 1 A + 354
(000) Lz11 (00°0) FECOF  €€0 (8gz) €91 (ee1) ¥1°0- (18°0-) €¢0- ¢
(ve0) 90 (0000) 687269T <90 (z¥°21) 0T (18°0)  200- (vz0) @0 ¥
(6570)  se0  (00°0) 9LFT9  FEO (62°g) 601 (19°0-) 200~ (€€'0-) 200- ¢
(gz0) 890  (00°0) 98°€L8 050 (zv'8) €60 (9¢0) 200 (Lv0) 700 T
(00'0) <99  (00°0) ¥¥'80Z 1£0 (08'¢) o'l (zg'z) 910 (¢60-) €z0- 1 A+ 00d
(00'0) 08%  (00°0) 9TTOT 80 (8zz) €T (v0'0-) 000 (18°0-) 820~ ¢
(00'0)  6¢2  (00°0) TH'G8GT 890 (pLe1) 911 (2e'27) 60°0- (18°0-) <00- ¥
(rz0) 120  (00°0) 6L8G%  FEO (9g7g) o1t (0£°07) 500~ (12°0) ¥00- ¢
(g0'0) ¢z (00°0) TOGLF TS0 (zey) 81T (16'0-) 010~ (15°0) 600~ ¢
(zo'o) ¥#9z  (00°0) €611 820 (06'¢) 91T (o1'1-) 610 (L007) ©o0- 1 AL+ MY
(00'0) z06 (00°0) 988eT  Fe0  (gFT) FFO (v7°0-)  20°0- (8%7'%) 080 ¢
(00°0) 6¥zeL  (00°0) L¢°61¢  8e'0  (8¢'1-) 11°0- (go2) 170 (g6%1) €L0 ¥
(000) 1F6LF (00°0) 69TOT T30  (88°07) OT0- (80'%) gr0 (69'9) <90 ¢
(00'0) ¢gz9L (00°0) TF66c SG0  (61°T-) 800~ (t9%) veo  (g9%1) 1L0 ¢
(000) 0szzz  (00°0) 889TT 600  (L0T7) 120- (€90-) ¢r0o-  (96°9) €01 1 fpedy + ISIH
(00'0) €09  (00°0) 0GSTT 630 (282) @91 (¢80-) 11°0- (8L°07) ¥¢0- ¢
(c10) @01 (00°0) €S0LF €90 (g9'8) o1 (92°0°) 500~ (0€°0-) T00- ¥
(g00)  00c  (00°0) ELCFT  GE0 (F19) 160 (L0T) oT0 (c00-) 000 €
(92°0) €90 (00°0) €€9Er  0S°0 (Fev) ¥0'1 (6€0-)  ¥0°0- (L00-) 100 @
(00'0) 269  (0000) G96ST 1€0 (TTp) ¥171 (08'1-) 9270~ (61°0) ¥00 T A4 + LSIH
(10'0) 9¢'e  (00°0) 1¢8L 110 (gez) 980 (92°2) 810 (100-) 000 ¢
(zo'0)  6¢c  (0000) 6VILF 990 (92'6) 680 (99'1) 200 (ern 600 ¥
(00'0) 1071 (00°0) €OLPT  SE0 (z1%) 6L0 (¢0'e) 720 (11°0) %00~ €
(00°0) 0%  (00°0) 9¥'EEe  8€0 (9g'¢) <L0 (97'1) ¢ro (090) 110 ¢
(¢r0) o1t (000) ILFFT 810 (zze) 1071 (gL07) 11°0- (#0°0) 100 T TSN + ISIH
d & d EE (@) g (@1 Adq (g Mg (Qr Arodq (@1 odq (g 20dq (1 Miq (@)1 15THq () v

(g ponuguod) oo fipyguopy — gog pazyvay 4of sagnuigssy buissnduioous pup 2901DaUy) T 9]9D],



(00'0) 68¥%1 (g0'0) Lz w0 (¥60) 1€0 (SP°T) 280 (67°07) 600~ ¢
(000) 2¢€9 (00o0) F11e €80 (0og0) €10 (18°€) YOI (9v°e-) Le0- ¥
(0o0'0) 6988 (000) 66cc €80 (010) @oo (¥e'g) 9T1T (g2'z-) 620 ¢
(00'0) 618 (000) STTIz <SL0 (g70) 910 (POF) ST (16'2-) 8¢0- ¢
(0o0'0) sv¥1  (00'0) 06'¢  gc0  (ggT) 990  (60°T) L0 (6¢'1-) S0~ 1T AL+ PAL
(000) ¢g'8az (00°0) TE'8E LEO (800-) T100- (19°%) 090 (8L'¢) S50 g
(000) 9g¢9¢z (00°0) TEIT  1LO (010) 100  (84'6) 180 (gt'e) 610 ¥
(00'0) 21681 (00°0) 880T 90 (ero) 100 (0T'Q) 620 (¥91) 8T0 ¢
(000) crerz (000) LETT G9°0 (8L0-) 900- (19'9) ¢80 (13°2) 610 @
(00'0) ¢cc2¥1 (00°0) 9E€TT  GFO (960-) ero- (e1°9) @80 (88°1) 020 1 AN + P
(000) sc1er (00°0) T6EE 120 (0¥°0) <00 (¢8°2) <o (og'g) 290 ¢
(00°0) 0728 (00°0) 98F 9.0 (67°1) 610 (2¥°g) €80 (€5°07) S00- ¥
(00'0) 99¥%¢1 (10'0) S6'E €90 (L2°0-)  €0°0- (ee%) 680 (001) €10 €
(000) 1L9%z (000) €9 090 (18°0-)  80°0- (62°g) 280 (L&T) 030 ¢
(00°0) €0°29T (00°0) LTIT ¥€0 (96°0-) 010" (91°¢) €0 (651) %20 T ™ISIH + PLSIH
a & d ER O (r g [OIET (9 g (r  “LsiHg (@2 "FSTHg () »

"SUOIPeATISqO ATUIUOW Q6T YIM gT(F IoquIosd(] [1pun 9661 Arenuef st polod ojdures oy, ToAd] %, G O} 1@ 90URIYIUSIS 0JRIIPUI U0} P[Oq Ul sonjea-d
pue sorstye)s-3 A[oaroadsal ‘¢ pue L] I0J BSIOA 90IA PUR 0I9Z 0} [enba SI JUaIdNa0d odofs PuoIas 8y} pue auo 03 [enbs sI JUSIIFo0d odo[s ISIY o) et}

st stso30dAY SurATIepun Jurol o) ‘SUOISSaIdal 9jeLIRAT)NW U] ‘son[ea-d Surpuodsariod o) SeAld d pue DI9SIIRIS 1899~ ) 07 IoJol & pue L7 sumnjoo

{pv

O], "SUOISSOIa1 YY) JO L3 pajsnlpe oyj sejoudp 7

3] 'SUOISSOIS0I 9)RLIRAIYNI Ul OI0Z jsurede @ pue » 1s9) om oIoyM ‘s3e[ g Suisn ((*)7) so1ys1yeIS-1
(2861) 159p\ Pue AomoN 110dol om JUSIOYJO0D UOISSEIZ0I [ord 10 "A[oA130edsal “ejoq 10f ayewnise pajsnlpe wnmeld Ysu pue Aq ‘ArDD SOHA ‘DDA
“Y[[eM TWOPURI ‘[BOLIOYSIY Y} 10f SUSIo0o odofs oy} 0} 19Jo1 PPdUq pue Adq ‘ALDDq ‘3MDAdq ‘D0dq *MUq “LSIHq ‘9dedIojul UOISSOISoI 9} SOj0Uap D
‘PoISTom-on[eA dIe SUINGAI PUR Se)aq OI[0J3I0J ‘sorjojriod o[pumb 03 pajeso[e oY} aIe SY20)s oY, "YI3us[ enbo asey pue de[IoA0 oYM dIe Sporiad
UOI)RTI)SO PUe JUILIOS OYJ, "819q [€ILI0)SIY o) JO poliod UOoIyetI)se a1} 910joq A[30113s porrod SuryIos e ul pourejqo ejoq (() uorenbs) [esr1olsty o)

0} SuTpI029® I9PIO SUTPUIISE UR UI SOJRIIIISO INO 108 dM ‘TIUOU (PR UOISSaISaI 9uo 0) spuodsorod mol yoer “A[oAr3oadsar ‘sorjojirod oAty o1} Jo

[oro I0J SojelI)So o9jue X9 MHHMQ‘@QEOO UO syjuow XIS JO UOZLIOY 97} Jo9AO ®lo( PoZI[eol amOQ X9 JO wQOﬁmwOMWGM woJy s}nsol 973} maﬁ@m@p& o[qel} Sy T,

eje( A[YIUOIN pPue A[le( — eIag pozI[edy JI0J sojewl)sy suissedwodury :gV 9[qel

10



Table A3: Estimation Errors: Six-Month Horizon — Daily Data

This table reports the out-of-sample estimation errors of competing estimators, using daily return data,
for realized beta over the horizon of six months for each portfolio. We build five quintile portfolios into
which the stocks are allocated in an ascending order according to their historical beta in the sorting period
(taking place directly before the estimation period for historical beta without overlap and with equal length).
We determine portfolio betas and returns as value-weighted averages. Panels A and B report the mean
absolute errors (MAE) and the root mean squared errors (RMSE) of the estimation models for each portfolio,
respectively. Panel C reports the mean absolute percentage errors (MAPE) and panel D reports the mean

squared percentage errors (MSPE). avg. denotes the respective errors averaged over all five portfolios. For

each portfolio and the average, the lowest errors among all approaches are indicated by italic font.

Panel A. Mean Absolute Errors (MAE)

HIST RW DCC FGK CCIV KKS1 BV RPadj
1 0.1114 0.1024 0.1732 0.1592 0.2952 0.1762 0.1104 0.1408
2 0.0873 0.0794 0.1687 0.1771 0.2289 0.1028 0.0693 0.1229
3 0.0679 0.0699 0.1792 0.1636 0.2040 0.0720 0.0512 0.1134
4 0.0621 0.0667 0.1752 0.1757 0.1781 0.0790 0.0549 0.1033
5 0.1780 0.1632 0.2684 0.2599 0.2167 0.1743 0.1407 0.1536
avg. 0.1013 0.0963 0.1929 0.1871 0.2246 0.1209 0.0853 0.1268

Panel B. Root Mean Squared Errors (RMSE)

HIST RW DCC FGK CCIV KKS1 BV RPadj
1 0.1517 0.1375 0.2283 0.2006 0.3498 0.2252 0.1423 0.1883
2 0.1177 0.1110 0.2293 0.2019 0.2929 0.1592 0.0933 0.1696
3 0.0971 0.0984 0.2511 0.1879 0.2609 0.1141 0.0724 0.1580
4 0.0788 0.0864 0.2636 0.2019 0.2188 0.0999 0.0735 0.1475
) 0.2452 0.2174 0.3656 0.3091 0.2693 0.2537 0.2003 0.1953
avg. 0.1381 0.1301 0.2676 0.2203 0.2783 0.1704 0.1164 0.1718
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Table A3: Estimation Errors: Siz-Month Horizon — Daily Data (continued)
Panel C. Mean Average Percentage Errors (MAPE)

HIST RW DCC FGK CCIV KKS1 BV RPadj
1 1.0532 0.6647 1.1013 1.0683 2.5807 1.8380 0.9794 1.5415
2 0.1275 0.1171 0.2281 0.2281 0.3479 0.1839 0.1102 0.1925
3 0.0892 0.0886 0.2084 0.1850 0.2547 0.1020 0.0666 0.1478
4 0.0598 0.0640 0.1680 0.1632 0.1694 0.0715 0.0507 0.1006
) 0.1231 0.1141 0.1862 0.1801 0.1589 0.1118 0.0917 0.1104
avg. 0.2905 0.2097 0.3784 0.3649 0.7023 0.4614 0.2597 0.4186

Panel D: Mean Squared Percentage Errors (MSPE)

HIST RW DCC FGK CCIV KKS1 BV RPadj
1 63.482 16.589 49.609 60.094 391.58 187.67 45.473 140.73
2 0.0537 0.0473 0.1181 0.0812 0.3632 0.1838 0.0509 0.1549
3 0.0278 0.0239 0.0919 0.0492 0.1556 0.0489 0.0158 0.0754
4 0.0066 0.0078 0.0685 0.0357 0.0456 0.0084 0.0051 0.0250
5 0.0276 0.0221 0.0614 0.0433 0.0405 0.0212 0.0140 0.0200
avg. 12.719 3.3379 9.9898 12.061 78.436 37.587 9.1116 28.202
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Table A4: Differences of Estimation Errors: Six-Month Horizon — Daily Data

This table reports the differences in the out-of-sample estimation errors of competing estimators, using
daily return data, for realized beta over the horizon of six months. In panel A—C, the upper triangular matrix
reports the mean difference of absolute (AE), as well as differences in mean absolute percentage (APE),
and squared percentage (SPE) estimation errors, respectively, averaged over the five portfolios. Similarly,
the lower triangular matrices report the average median difference of estimation errors. We compute the
difference between the errors of the model [name in row/ and those of the model [name in column]. The
absolute numbers in parentheses indicate the percentage of portfolios for which the difference is significant
(e.g., 0.4 indicates that the differences for two out of five portfolios are statistically significant). If the
differences are significant for all five portfolios, the figure is printed in bold font. Significance is tested
by the modified Diebold-Mariano and the Wilcoxon signed rank tests for the upper and lower triangular

matrices, respectively. The sign indicates the direction of the significant differences.

Panel A. Absolute Errors (AE)

HIST RW DCC FGK  CCJV  KKSI BV RPadj
HIST 0.0050 -0.0916 -0.0858 -0.1232 -0.0195 0.0161 -0.0255
00)  (-1.0)  (-1.0)  (-0.8)  (-0.2) (0.4) (-0.8)
RW 0.0002 0.0966  -0.0908  -0.1283  -0.0246  0.0110  -0.0305
(-0.4) (-1.0)  (-1.0)  (-1.0)  (-0.2) (0.2) (-0.8)
DCC 0.0639  0.0637 0.0058  -0.0316  0.0721  0.1076  0.0661
(1.0) (1.0) (0.0) (-0.4) (0.8) (1.0) (1.0)
FGK 0.1001 0.0999 0.0362 -0.0374 0.0662 0.1018 0.0603
(1.0)  (1.0) (0.2) (-0.2) (0.8) (1.0) (0.8)
CCJV 01143  0.1141  0.0504  0.0142 0.1037  0.1393  0.0978
(1.0)  (1.0) (0.6) (0.4) (0.8) (1.0)  (1.0)
KKSI 00113 00110  -0.0526  -0.0888  -0.1031 0.0356  -0.0059
(0.4) (0.6) (-0.8) (-0.8) (-1.0) (1.0) (-0.2)
BV -0.0111 -0.0113 -0.0750 -0.1112 -0.1254 -0.0224 -0.0415
(0.8)  (-0.6)  (-1.0)  (-1.0)  (-1.0)  (-1.0) (-0.6)
RPadj 00256 00254  -0.0383  -0.0745 -0.0888  0.0143  0.0367
(0.8) 08)  (-1.0)  (-1.0)  (-1.0)  (0.2) (1.0)
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Table A4: Differences of Estimation Errors: Siz-Month Horizon — Daily Data (continued)

Panel B. Absolute Percentage Errors (APE)

HIST RW DCC FGK  CCJV  KKSI BV RPadj
HIST 0.0808 -0.0879 -0.0744 -0.4118 -0.1709 0.0308 -0.1280
(0.0) (:0.8)  (-0.8)  (-0.6) (0.0) (0.4) (-0.6)
RW -0.0015 0.1687  -0.1552  -0.4926  -0.2517  -0.0500  -0.2089
(-0.4) (-0.8)  (-0.8)  (-0.8) (0.0) (0.6) (-0.6)
DCC 0.0643  0.0658 0.0135  -0.3239  -0.0830  0.1187  -0.0402
(1.0) (1.0) (0.0) (-0.2) (0.6) (1.0) (0.4)
FGK 0.1016  0.1032  0.0373 0.3374  -0.0965  0.1052  -0.0536
(1.0)  (1.0) (0.2) (0.0) (0.6) (0.8) (0.4)
CCJV 01278 01294  0.0635  0.0262 0.2409  0.4426  0.2837
(1.0) (1.0) (0.8) (0.0) (0.8) (0.8) (0.8)
KKS1 0.0187 0.0202 -0.0456 -0.0830 -0.1092 0.2017 0.0429
(0.4) (0.6) (-0.8)  (-0.6)  (-1.0) (0.8) (-0.2)
BV 0.0083  -0.0068  -0.0726  -0.1099  -0.1361  -0.0270 -0.1588
(0.8)  (0.6)  (-1.0)  (-1.0)  (-1.0)  (-1.0) (-0.6)
RPadj 00308  0.0323  -0.0336  -0.0709  -0.0971  0.0121  0.0390
(0.8) (0.8) (-1.0) (-0.8) (-1.0) (0.2) (1.0)

Panel C. Squared Percentage Errors (SPE)

HIST RW DCC FGK  CCJV  KKSI BV RPadj
HIST 9.3816 2.7297 0.6589 -65.7168 -24.8677 3.6079 -15.4823
(0.0) ((0.8)  (-0.6)  (-0.6) (0.0) (0.0) (0.0)
RW -0.0003 6.6519  -8.7227  -75.0084 -34.2492 57737  -24.8639
(-0.4) (-0.8)  (-0.8)  (-0.6) (0.0) (0.2) (0.0)
DCC 0.0142  0.0145 20708 -68.4465 -27.5973  0.8782  -18.2120
(1.0) (1.0) (0.2) (0.0) (0.4) (0.8) (0.4)
FGK 0.0255 0.0258 0.0113 -66.3757 -25.5265 2.9490 -16.1412
(1.0)  (1.0) (0.4) (0.0) (0.4) (0.6) (0.2)
CCJV  0.0435  0.0438  0.0203  0.0180 40.8492  69.3247  50.2345
(1.0)  (1.0) (0.6) (0.0) (0.8) (0.8) (0.6)
KKS1 0.0064 0.0067 -0.0079 -0.0192 -0.0371 28.4755 9.3853
(0.4) (0.4) ((0.8)  (-0.6)  (-1.0) (0.4) (0.0)
BV -0.0008  -0.0005  -0.0150  -0.0263  -0.0442  -0.0071 -19.0902
(-0.8)  (:0.6)  (-1.0)  (-1.0)  (-1.0)  (-1.0) (0.0)
RPadj 00062  0.0065  -0.0081  -0.0194  -0.0373  -0.0002  0.0069
(0.8) (0.8) (-1.0)  (-1.0)  (-1.0) (0.2) (1.0)
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Table A5: Estimation Errors: Six-Month Horizon — Monthly Data

This table reports the out-of-sample estimation errors of competing estimators, using monthly return
data, for realized beta over the horizon of six months for each portfolio. We build five quintile portfolios
into which the stocks are allocated in an ascending order according to their historical beta in the sorting
period (taking place directly before the estimation period for historical beta without overlap and with equal
length). We determine portfolio betas and returns as value-weighted averages. Panels A and B report the
mean absolute errors (MAE) and the root mean squared errors (RMSE) of the estimation models for each
portfolio, respectively. Panel C reports the mean absolute percentage errors (MAPE) and panel D reports the

mean squared percentage errors (MSPE). avg. denotes the respective errors averaged over all five portfolios.

For each portfolio and the average, the lowest errors among all approaches are indicated by italic font.

Panel A. Mean Absolute Errors (MAE)

HIST RW DCC FGK CCIV KKS1 BV RPadj
1 0.1504 0.1209 0.1818 0.2784 0.2308 0.1104 0.0911 0.2296
2 0.1324 0.1287 0.1799 0.2976 0.2280 0.0593 0.0478 0.2213
3 0.1052 0.1229 0.1762 0.2899 0.2176 0.0608 0.0571 0.2094
4 0.1005 0.1449 0.1850 0.2852 0.1726 0.0619 0.0437 0.1982
5 0.1812 0.1701 0.2156 0.2982 0.2087 0.1036 0.0822 0.1772
avg. 0.1339 0.1375 0.1877 0.2899 0.2115 0.0792 0.0644 0.2071

Panel B. Root Mean Squared Errors (RMSE)

HIST RW DCC FGK CCIV KKS1 BV RPadj
1 0.2067 0.1661 0.2311 0.3078 0.2802 0.1392 0.1122 0.2717
2 0.1650 0.1593 0.2279 0.3139 0.2686 0.0784 0.0645 0.2652
3 0.1285 0.1504 0.2366 0.3134 0.2596 0.0872 0.0826 0.2618
4 0.1256 0.1911 0.2275 0.3034 0.2135 0.0756 0.0556 0.2367
5 0.2330 0.2083 0.2997 0.3436 0.2637 0.1713 0.1412 0.2041
avg. 0.1718 0.1751 0.2446 0.3164 0.2571 0.1103 0.0912 0.2479
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Table A5: Estimation Errors: Sixz-Month Horizon — Monthly Data (continued)
Panel C. Mean Average Percentage Errors (MAPE)

HIST RW DCC FGK CCIV KKS1 BV RPadj
1 0.1867 0.1568 0.2283 0.3413 0.3085 0.1617 0.1261 0.3009
2 0.1465 0.1401 0.1941 0.3194 0.2527 0.0668 0.0527 0.2441
3 0.1053 0.1217 0.1739 0.2847 0.2180 0.0592 0.0554 0.2116
4 0.0950 0.1377 0.1707 0.2666 0.1660 0.0569 0.0410 0.1881
) 0.1518 0.1423 0.1743 0.2418 0.1755 0.0780 0.0629 0.1489
avg. 0.1371 0.1397 0.1883 0.2908 0.2241 0.0845 0.0676 0.2187

Panel D. Mean Squared Percentage Errors (MSPE)

HIST RW DCC FGK CCIV KKS1 BV RPadj
1 0.0625 0.0504 0.0822 0.1346 0.1610 0.0575 0.0301 0.1529
2 0.0350 0.0316 0.0593 0.1127 0.0929 0.0089 0.0056 0.0897
3 0.0166 0.0220 0.0538 0.0927 0.0683 0.0066 0.0057 0.0730
4 0.0147 0.0340 0.0419 0.0801 0.0436 0.0047 0.0028 0.0526
5 0.0375 0.0291 0.0540 0.0723 0.0496 0.0120 0.0085 0.0289
avg. 0.0333 0.0334 0.0582 0.0985 0.0831 0.0179 0.0105 0.0794
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Table A6: Differences of Estimation Errors: Six-Month Horizon — Monthly Data

This table reports the differences in the out-of-sample estimation errors of competing estimators, using
monthly return data, for realized beta over the horizon of six months. In panel A-D, the upper triangular
matrix reports the mean difference of absolute (AE), root mean squared (SE), as well as differences in
mean absolute percentage (APE), and squared percentage (SPE) estimation errors, respectively, averaged
over the five portfolios. Similarly, the lower triangular matrices report the average median difference of
estimation errors. We compute the difference between the errors of the model [name in row/ and those of
the model [name in column]. The absolute numbers in parentheses indicate the percentage of portfolios
for which the difference is significant (e.g., 0.4 indicates that the differences for two out of five portfolios
are statistically significant). If the differences are significant for all five portfolios, the figure is printed in
bold font. Significance is tested by the modified Diebold-Mariano and the Wilcoxon signed rank tests for
the upper and lower triangular matrices, respectively. The sign indicates the direction of the significant

differences.

Panel A. Absolute Errors (AE)

HIST RW DCC FGK  CCJV  KKSI BV RPadj
HIST 0.0036  -0.0537  -0.1559  -0.0776  0.0547  0.0696  -0.0732
(0.0) (-0.6)  (-1.0)  (-0.8) (0.8) (1.0)  (-0.8)
RW 0.0074 -0.0502 -0.1524 -0.0740 0.0583 0.0731 -0.0696
(0.2) (-0.6) (-1.0) (-0.6) (0.8) (0.8) (-0.8)
DCC 0.0373  0.0300 0.1022  -0.0238  0.1085  0.1233  -0.0195
(1.0) (0.6) (-1.0)  (0.0) (1.0) (1.0)  (-0.4)
FGK 0.1695  0.1621  0.1321 0.0783 02107  0.2255  0.0827
(1.0) (1.0) (1.0) (0.8) (1.0) (1.0) (1.0)
CCJV 0.0801 0.0727 0.0427 -0.0894 0.1323 0.1472 0.0044
(0.8) (0.8) 06)  (-1.0) (1.0) (1.0) (0.0)
KKSI  -0.0497  -0.0571  -0.0870  -0.2192  -0.1298 0.0148  -0.1279
(-0.8)  (-0.8)  (-1.0)  (-1.0)  (-1.0) 0.8)  (-1.0)
BV -0.0590  -0.0664  -0.0963  -0.2285  -0.1391  -0.0093 -0.1428
(-1.0)  (-1.0)  (-1.0)  (-1.0)  (-1.0) (-0.8) (-1.0)
RPadj 0.0871 0.0797 0.0498 -0.0823 0.0071 0.1368 0.1461
(0.8) (0.8) 06)  (-1.0)  (0.0) (1.0) (1.0)
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Table A6: Differences of Estimation Errors: Siz-Month Horizon — Monthly Data

(continued)
Panel B. Squared Errors (SE)
HIST RW DCC FGK CCIV KKS1 BV RPadj
HIST -0.0033  -0.0728  -0.1446  -0.0853  0.0614 0.0806  -0.0761
(-0.4) (-0.6) (-1.0) (-0.6) (0.8) (1.0) (-0.8)
RwW 0.0074 -0.0695 -0.1414 -0.0821 0.0647 0.0838 -0.0728
(0.4) (08)  (-1.0)  (-0.6) (0.6) (1.0) (-0.6)
DCC 0.0373 0.0299 -0.0719  -0.0125  0.1342 0.1534  -0.0033
(1.0) (0.6) (-0.8) (0.0) (1.0) (1.0) (0.0)
FGK 0.1695 0.1621 0.1321 0.0593 0.2061 0.2252 0.0685
(1.0) (1.0) (1.0) (0.4) (1.0) (1.0) (0.6)
CCJV 0.0801 0.0727 0.0427 -0.0894 0.1468 0.1659 0.0092
(0.8) (1.0) (0.6) (-1.0) (1.0) (1.0) (0.2)
KKS1 -0.0497  -0.0571  -0.0870  -0.2192  -0.1298 0.0191  -0.1376
(-0.8) (-0.8) (-1.0) (-1.0) (-1.0) (0.6) (-0.8)
BV -0.0590  -0.0664  -0.0963  -0.2285  -0.1391  -0.0093 -0.1567
(-1.0)  (-1.0)  (-1.0)  (-1.0)  (-1.0)  (-0.8) (-0.8)
RPadj 0.0871 0.0797 0.0498 -0.0823 0.0071 0.1368 0.1461
(0.8) (0.8) (0.4) (-1.0) (-0.2) (1.0) (1.0)
Panel C. Absolute Percentage Errors (APE)
HIST RW DCC FGK CCIV KKS1 BV RPadj
HIST -0.0026  -0.0512  -0.1537  -0.0871 0.0526 0.0694  -0.0817
(-0.2) (-0.6) (-1.0) (-0.8) (0.8) (1.0) (-0.8)
RW 0.0019 -0.0486  -0.1511  -0.0844  0.0552 0.0721  -0.0790
(0.2) (-0.6)  (-1.0)  (-0.6) (0.8) (0.8) (-0.8)
DCC 0.0368 0.0349 -0.1025 -0.0359 0.1038 0.1206 -0.0305
(0.8) (0.6) (-1.0) (0.0) (0.8) (1.0) (-0.2)
FGK 0.1697 0.1678 0.1329 0.0666 0.2063 0.2231 0.0720
(1.0) (1.0) (1.0) (0.8) (1.0) (1.0) (0.8)
CCJV 0.0776 0.0757 0.0408 -0.0921 0.1396 0.1565 0.0054
(0.8) (0.8) (0.6) (-1.0) (1.0) (1.0) (0.0)
KKS1 -0.0530  -0.0549  -0.0898  -0.2227  -0.1306 0.0169  -0.1342
(-0.8) (-0.8) (-1.0) (-1.0) (-1.0) (0.8) (-1.0)
BV -0.0616  -0.0635  -0.0984  -0.2312  -0.1392  -0.0086 -0.1511
(-1.0)  (-1.0)  (-1.0)  (-1.0)  (-1.0)  (-0.4) (-1.0)
RPad]j 0.0877 0.0858 0.0509 -0.0820 0.0101 0.1407 0.1493
(0.8) (0.8) (0.6) (-1.0) (0.0) (1.0) (1.0)
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Table A6: Differences of Estimation Errors: Siz-Month Horizon — Monthly Data
(continued 2)

Panel D. Squared Percentage Errors (SPE)

HIST RW DCC FGK  CCJV  KKSI BV RPadj
HIST 0.0002  -0.0250  -0.0652  -0.0498  0.0153  0.0227  -0.0461
(-02)  (-04)  (-1.0)  (-0.8) (0.8) (1.0)  (-0.6)
RW 0.0000 0.0248  -0.0650  -0.0497  0.0155  0.0229  -0.0460
(0.4) (-0.6) (-1.0) (-0.8) (0.8) (0.8) (-0.8)
DCC 0.0097  0.0097 0.0402  -0.0248  0.0403  0.0477  -0.0212
(0.8) (0.6) (-0.8) (0.0) (0.8) (1.0) (0.2)
FGK 0.0682  0.0682  0.0585 0.0154  0.0805  0.0879  0.0191
(1.0) (1.0) (1.0) (0.2) (1.0) (1.0) (0.4)
CCJV 0.0243 0.0243 0.0146 -0.0439 0.0651 0.0725 0.0037
(0.8) (1.0) 0.6)  (-1.0) (1.0) (1.0) (0.2)
KKSI  -0.0093  -0.0094 -0.0190  -0.0776  -0.0336 0.0074  -0.0615
(-0.8)  (-0.8)  (-1.0)  (-1.0)  (-1.0) 0.6)  (-1.0)
BV 0.0100  -0.0101  -0.0197  -0.0783  -0.0343  -0.0007 -0.0689
(-1.0) (-0.8) (-1.0)  (-1.0)  (-1.0) (-0.4) (-1.0)
RPadj 0.0296 0.0296 0.0199 -0.0386 0.0053 0.0389 0.0396
(0.8) (0.8) (04)  (-1.0)  (0.2) (1.0 (1.0)
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Table A7: Portfolio Root Mean Squared Errors (Section 4 of the Main Paper)

This table reports the out-of-sample estimation errors of competing estimators, using daily return data,
for realized beta over the horizon of six months for each portfolio in Panels D to F and over the horizon
indicated in the panel headlines for Panels A to C. We build five quintile portfolios into which the stocks are
allocated in an ascending order according to their historical beta in the sorting period (taking place directly
before the estimation period for historical beta without overlap and with equal length). We determine
portfolio betas and returns as value-weighted averages. We report the root mean squared errors (RMSE) of
the estimation models for each portfolio. avg. denotes the errors averaged over all five portfolios. For each

portfolio and the average, the lowest errors among all approaches are indicated by italic font.

Panel A: One-Month Horizon

HIST RwW DCC FGK CCJV KKS1 BV RPadj
1 0.1659 0.1520 0.2047 0.2088 0.4956 0.2540 0.1613 0.1883
2 0.1352 0.1293 0.1869 0.1892 0.4499 0.1810 0.1231 0.1634
3 0.1202 0.1112 0.1998 0.1907 0.4135 0.1437 0.1056 0.1815
4 0.1180 0.1098 0.1971 0.1932 0.3700 0.1381 0.1086 0.1826
5 0.2793 0.2550 0.3272 0.3145 0.4134 0.3085 0.2452 0.2726
avg. 0.1637 0.1515 0.2231 0.2193 0.4285 0.2051 0.1483 0.1977

Panel B: Three-Month Horizon

HIST RwW DCC FGK CCJV KKS1 BV RPadj
1 0.1417 0.1254 0.1979 0.1885 0.4076 0.2300 0.1344 0.1651
2 0.1176 0.1073 0.1937 0.1867 0.3563 0.1709 0.1026 0.1581
3 0.0978 0.0953 0.2057 0.1766 0.3313 0.1241 0.0800 0.1676
4 0.0909 0.0916 0.2060 0.1872 0.2787 0.1060 0.0813 0.1753
5 0.2421 0.2207 0.3265 0.2894 0.2935 0.2545 0.1973 0.2296
avg. 0.1380 0.1281 0.2259 0.2057 0.3335 0.1771 0.1191 0.1791

Panel C: Twelve-Month Horizon

HIST RW DCC FGK CCJV KKS1 BV RPadj
1 0.1638 0.1532 0.2761 0.2111 0.3387 0.2190 0.1492 0.2038
2 0.1318 0.1269 0.2954 0.2159 0.2643 0.1519 0.0995 0.1842
3 0.1102 0.1068 0.3394 0.1995 0.2325 0.1117 0.0804 0.1623
4 0.0835 0.0920 0.3559 0.2078 0.2073 0.1045 0.0807 0.1505
5 0.2545 0.2327 0.4202 0.3194 0.2942 0.2516 0.2058 0.2465
avg. 0.1488 0.1423 0.3374 0.2307 0.2674 0.1677 0.1227 0.1895
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Table A7 Portfolio Root Mean Squared Errors (Section 4 of the Main Paper) (continued)

Panel D. Further Implied

HIST RW CCJV SR KKS1 KKS2 FGK RPadj BV

0.1517  0.1375 0.3498  0.2383  0.2252  0.2279  0.2006  0.1883  0.1423
0.1177  0.1110  0.2929  0.1660  0.1592  0.1598  0.2019  0.1696  0.0933
0.0971  0.0984 0.2609 0.1234 0.1141  0.1142  0.1879  0.1580  0.0724
0.0788  0.0864  0.2188  0.0900  0.0999  0.1007  0.2019  0.1475  0.0735
0.2452  0.2174  0.2693  0.2193  0.2537  0.2575  0.3091  0.1958  0.2003

avg. 0.1381  0.1301  0.2783  0.1674 0.1704  0.1720  0.2203  0.1718  0.1164

U W N =

Panel E. DJIA

HIST RW DCC CCJV SR KKS1  KKS2 FGK RPadj BV

1 0.1375 0.1274 0.2003 0.3062 0.2985 0.1889 0.1829 0.1771  0.1829  0.1517
2 0.1763  0.1842  0.2710 0.2192 0.1884 0.1708 0.1632 0.2363 0.2102  0.1604

avg. 0.1569  0.1558 0.2356  0.2627 0.2434 0.1798 0.1730  0.2067  0.1965  0.1560

Panel F. Further Time-Series Models

HIST HISTg RwW RWp AR ARMA  DCC CCC BV

0.1499 0.15347 0.1359 0.1642 0.1879  0.1702  0.2275  0.2047  0.1441
0.1144  0.1080  0.1061  0.1593  0.1699  0.1440 0.2266  0.2067  0.0953
0.0921  0.0963  0.0950  0.1515  0.1468  0.1237  0.2448  0.2247  0.0699
0.0782  0.0800  0.0844  0.1455  0.1400  0.1610  0.2633  0.2549  0.0722
0.2430  0.2225  0.2130 0.3144 0.2878  0.3502  0.3570  0.3949  0.1947

avg. 0.1355  0.1283  0.1269  0.1870  0.1865  0.1899  0.2638  0.2572  0.1152

QU W N =
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Table A9: Bias Removal — Further Possibilities

This table reports the out-of-sample estimation errors of competing bias-removed estimators, using daily
return data, for realized beta over the horizon of six months for each portfolio. We build five quintile
portfolios into which the stocks are allocated in an ascending order according to their historical beta in the
sorting period (taking place directly before the estimation period for historical beta without overlap and
with equal length). We determine portfolio betas and returns as value-weighted averages. Panel A presents
the results on a simple bias removal, while Panels B and C present the results on bias removals using a
regression technique. In each panel, the first row reports the average root mean squared errors (RMSE) of
the estimation models over the five portfolios. The lowest errors among all approaches are indicated by italic
font. The remainder of the tables report the difference in estimation errors. The upper triangular matrix
reports the differences in root mean squared estimation errors, averaged over the five portfolios. Similarly,
the lower triangular matrix reports the average median difference of estimation errors. We compute the
difference between the errors of the model [name in row/ and those of the model [name in column]. The
absolute numbers in parentheses indicate the percentage of portfolios for which the difference is significant
(e.g., 0.4 indicates that the differences for two out of five portfolios are statistically significant). If the
differences are significant for all five portfolios, the figure is printed in bold font. Significance is tested
by the modified Diebold-Mariano and the Wilcoxon signed rank tests for the upper and lower triangular
matrices, respectively. The sign indicates the direction of the significant differences. BVUC refers to the

non-corrected BV estimates.
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Panel A. Regression Technique — Individual

Table A9: Bias Removal — Further Possibilities (continued)

HIST RwW DCC FGK CCJV KKS1 BV RPadj BVUC
avg. 0.2034 0.2066 0.1715 0.1791 0.1570 0.1609 0.1699 0.1754 0.1216
HIST -0.0033  0.0318 0.0243 0.0464 0.0425 0.0335 0.0280 0.0818
(0.0) (0.2) (0.0) (0.4) (0.6) (0.2) (0.2) (0.8)
RW 0.0039 0.0351 0.0276 0.0497 0.0458 0.0367 0.0312 0.0851
(0.0) (0.2) (0.0) (0.4) (0.6) (0.2) (0.2) (0.6)
DCC -0.0118  -0.0157 -0.0075  0.0146 0.0106 0.0016  -0.0039  0.0499
(-0.6) (-0.8) (0.0) (0.2) (0.0) (0.0) (0.0) (0.6)
FGK -0.0063 -0.0101  0.0055 0.0221 0.0182 0.0092 0.0037 0.0575
(-0.6) (0.0) (0.0) (0.2) (0.0) (0.0) (0.0) (0.8)
CCJV  -0.0127 -0.0166 -0.0009 -0.0064 -0.0039 -0.0129 -0.0184  0.0354
(-0.6) (-0.8) (-0.2) (-0.4) (0.0) (0.0) (-0.2) (0.4)
KKS1 -0.0083  -0.0122  0.0035 -0.0021  0.0043 -0.0090 -0.0145  0.0393
(-0.4) (-0.8) (-0.2) (-0.4) (0.0) (0.0) (0.0) (0.6)
BV -0.0046  -0.0085  0.0072 0.0017 0.0081 0.0038 -0.0055  0.0483
(-0.6) (-0.4) (0.2) (-0.2) (0.4) (0.0) (0.0) (0.6)
RPadj  -0.0049 -0.0088  0.0069 0.0013 0.0077 0.0034  -0.0004 0.0538
(-0.6) (-0.4) (0.2) (0.0) (0.4) (0.4) (0.2) (0.6)
BVU€ -0.0360 -0.0399 -0.0242 -0.0298 -0.0234 -0.0277  -0.0315 -0.0311
(-0.8) (-0.8) (-0.8) (-0.8) (-0.6) (-0.8) (-0.8) (-0.8)
Panel B. Regression Technique Combining with HIST — Individual
HIST RwW DCC FGK CCJV KKS1 BV RPadj BVUC
avg. 0.2034 0.2225 0.2045 0.1950 0.1935 0.1926 0.1808 0.1942 0.1216
HIST -0.0191  -0.0011  0.0083 0.0098 0.0108 0.0225 0.0091 0.0818
(-0.2) (0.0) (0.2) (0.0) (0.0) (0.2) (0.0) (0.8)
RwW 0.0063 0.0179 0.0274 0.0289 0.0299 0.0416 0.0282 0.1009
(0.4) (0.2) (0.2) (0.4) (0.6) (0.4) (0.2) (0.6)
DCC -0.0025  -0.0088 0.0095 0.0110 0.0119 0.0237 0.0103 0.0829
(0.0) (-0.4) (0.2) (0.0) (0.0) (0.2) (0.0) (0.8)
FGK 0.0047  -0.0016  0.0072 0.0015 0.0025 0.0142 0.0008 0.0735
(0.2) (-0.2) (-0.4) (0.0) (-0.2) (0.0) (0.0) (0.8)
CCJV ~ -0.0029 -0.0092 -0.0005 -0.0076 0.0009 0.0127  -0.0007  0.0719
(-0.4) (-0.8) (0.2) (-0.4) (0.0) (0.0) (0.0) (0.6)
KKS1 -0.0021  -0.0084  0.0004 -0.0068  0.0008 0.0117  -0.0016  0.0710
(-0.2) (-0.2) (-0.2) (-0.4) (0.0) (0.0) (0.2) (0.8)
BV 0.0009  -0.0054  0.0034 -0.0038  0.0039 0.0030 -0.0134  0.0593
(0.0) (-0.4) (-0.2) (-0.4) (0.2) (-0.2) (0.0) (0.8)
RPadj 0.0032  -0.0031  0.0057  -0.0015  0.0061 0.0053 0.0023 0.0726
(0.2) (-0.4) (0.0) (0.0) (0.2) (0.0) (0.2) (0.8)
BVUC -0.0360 -0.0423 -0.0336  -0.0407 -0.0331 -0.0339 -0.0370 -0.0392
(-0.8) (-0.8) (-0.6) (-0.8) (-0.8) (-0.8) (-0.8) (-0.6)
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