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Fig. 1 Conditional CAPM modeling process based on machine learning algorithm
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Table 4 Descriptive statistics of enterprise characteristic

FRIERH T ¥fH T2 FHER T ¥ T2

VEPET A G (AM) -0.042 0.511 MA WAL (CFD) 0.073 0. 930

i 167 T 4L LG ( BM) 0.024 0. 833 WL (CR) 0.012 0.984
WA TRM L (CFP) 0. 034 0.975 W %K (CRG) -0. 006 0. 851

i % A Lt ( DER) -0.055 0.416 LA (QOR) 0. 008 0.984
K545 kA H ( DLME) 0.011 0. 997 K (QRG) -0.007 0. 868
TR HE L (DP) 0. 006 0. 998 LA L (SC) -0.032 0. 691
A% (EP) 0. 065 0. 601 AT L (SD) 0. 000 1. 005
5K (LG) 0. 006 0. 884 3oy B Y (VOLT) 0. 026 0.990
FHBI A TS L (OCFP) -0.005 0. 786 58 by Wk (VOLM) 0.010 0. 966
it AR L ( PY) -0.008 0.913 %% ( REVL) 0. 035 1.013
AR R (S6) 0.019 0.759 Wi (PRC) -0.042 0. 950
YRR SRR K 2% (SMT) -0.004 0.970 FUBL(SIZE) -0. 005 0. 802
NS HL(SP) 0.012 1. 002 S AGAR F A (B_DIM) 0.012 0. 966
BLHEK (TG) -0.001 0. 952 TFATRE(B_DN) 0. 045 0. 826

B A (ACC) 0. 025 0. 821 D AR AT REU(B_FF) -0.001 0. 660

H 43X A (PACC) -0.003 0.991 W22 SRR RS (B_FP) | -0.024 0. 560
YA TR A K % ( CAPEG) 0.018 1.037 B SR R A (B_HS) 0.031 0.958
JEAAL 3554k ( dBe) 0.041 0.836 AR i385 5 (RVOL) 0.053 0.936
Y AR AR LA (dPIA) 0. 061 0. 821 6 A A fL ( CHMOM) 0. 000 0. 875
BRI (IA) 0.031 0.904 #F-3 (TURN) 0. 005 1. 096
HHAELE(IVC) 0. 039 0. 989 ek H i 25 (MAXRET) -0.044 0. 608
K (IVG) 0. 003 0. 990 e 25 Z 0k 3% (RETVOL) -0.053 0. 625
BB A (NOA) 0. 063 0. 596 NRM AL G ik 8 (STD_RVOL) | -0.025 0.918
B T2 (ATO) 0. 050 0. 999 -5 5% (STD_TURN) 0. 006 1. 099
AT HE = L (CFOA) 0.052 0.718 e B (TILLIQ) -0.061 0.619
a7 F(CP) -0.020 0.318 FAE 5 KB ZEROTRADE) -0.023 0.811
MER L (CTA) 0. 039 0. 967 RGP 25 (BETA) -0.019 0.919
WA TF-2(CTO) 0. 028 0.970 GRS RO 22 (BETASQ) | 0. 024 0. 871
BRLHil 25 (EBIT) -0.001 0. 895 FER A (PRCDEL) -0.018 0.917
53 (EY) 0. 102 0. 787 T B2 (IVOL) -0.058 0. 888
HBRER(CM) 0. 045 0. 892 ERFE(CP) 0. 004 1.012
YA (NPOP) 0. 002 0.914 B 2 (ROA) 0. 001 1. 005

BB E ISR (RNA) -0.001 0.948 JBEA I 35 % (ROE) -0. 001 1. 002
BRI I 25 % (ROIC) -0.003 0. 812 1A H 8t (MoM1 ) 0.019 0.152
T B AR 5 W T YR 7= L ( TBI) 0.012 1.013 6 A~ F i (MOM6) 0. 095 0. 344
L5 (Z) 0.026 1. 049 12 4 A 8k (MoM12) 0.213 0. 541
NSRS (AGE) -0.030 0. 988 36 A~ I (MOM36) 0. 658 0.934
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Table 5 Comparison of unconditional and conditional CAPM models based on machine learning
e a (%) P R, Fi(Zi ) Ry, R
Hh SRR H -0.49( -1.30) 1.26(28.0) 0.88
L 0.37(1.46) 0.79(25.6) 0.86
HL -0.86( -1.59) n/a
PCA H -0.55( -1.37) 1.20(8.65) 0.05(0.44) 0.88
L -0.22( -0.88) 0.60(14.1) 0.40(5.89) 0.89
HL -0.33( -0.68) 0.001
PLS H 0.00(0.00) 0.58(6.32) 0.57(8.02) 0.92
L 0.21(0.85) 0.67(13.9) 0.22(3.30) 0.87
HL -0.21( -0.47) 0.004
EN +H H -0.26( -3.03) 0.01(0.54) 0.99(44.5) 0.99
L -0.19( -2.21) 0.05(1.69) 0.95(30.2) 0.98
HL -0.07( -0.75) 0.06
RF H 0.18(0.80) 0.23(3.00) 0.97(14.0) 0.95
L 0.15(0.57) 0.69(12.9) 0.20(2.35) 0.87
HL 0.03(0.06) 0.002

B G, %5 R T R0 (PCA) Filf
/N3 (PLS) 934 CAPM A HL 415
HEE R BIR %5 A 3, 430 - 0. 33% FiI
~0.21% (¢ {H —0.88 Fil —0.47). HH PLS fi7
H G Az H -0.39% 488 0.00%,L 445
i1 0.37%745 4 0.21 % , BRI H 204 B ke 25
T LAA HL HAE5 BB &80 173 80%. ifofifi
FHEA 0 B VERG 50 L 45 sh AR 2 25 21 45 R
Wi s 5 A 22 25 2] A R AR 45 1 KV, IR AE
5 R TSR p {H. PCA Fil PLS Fi%
p /8T 0.001 F10. 004, 75 1% 4 2 7K 5 14 4k
FNT RS,

YT A TR 00 f 5 DX 2 B (EN) Al 4t
M shZSBER HL 414 H &k as h - 0.07% (¢

B -0.75),p {8 0. 06, A4 B R* 4 0. 99
F10. 98, AH L SR ALEE T ] I

i T EHLARAR (RF) BEAY S A 46 . A
AU HL 415 H A 45 22 AN B 319 0. 03 %
(t{H0.06) , R # AR D 3T 96 % (p {HH
0.002) , AR BUL T R PR G LA
HERE R4 0.95 F10. 87, &5 TS AR, 25 |-, B
AZhAx CAPM 5578 1] DL i 6 i 55 1l S AR XU 2
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K4 445 4 253h 45 CAPM BRI H fn L 41
A1 B WP IR, A L PCA 1 PLS, 55U X 4% FIREAIL
MR H H G B i shiIZL, M L 215 BELAR
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Table 6 Decomposition of excess return by conditional model
Wedi kT3 WA

HE 1 ]}%"' Cov(B; ,, R, ) — k’z”"(j R? = Total = oV - af
ZHE + > it fm 1 0_2 ov(ﬁi,t’ m,z) ! '

H -1.62 -0.95 -0.67 -0.49 0.18

L 0.16 -0.06 0.22 0.37 0.15
HL -1.78 -0.89 -0.89 -0.86 0.03
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Fig. 6 Comparison of factor importance in random forest model
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High risk low return? Explanation from machine learning based conditional
CAPM model

JIANG Fu-wet, MA Tian, ZHANG Hong-wei

School of Finance, Central University of Finance and Economics, Beijing 100081, China

Abstract: This paper proposes a risk-based explanation for the low risk anomalies in Chinese stock markets,
i. e., stocks with high beta risks tend to generate surprisingly lower expected returns. A novel conditional
CAPM model is constructed with big data and machine learning, in which more than 600 conditioning variables
from macroeconomy and firm characteristics are employed, together with several popular machine learning
methods in order to precisely modelling the time-varying beta systematic risk measures. Empirical Results show
that our conditional CAPM model can fully explain away the low risk anomalies andthat market-related firms
characteristics are the most important predictive variables. Further, random forest featuring nonlinearity is the
most effective machine learning method in modelling time-varying beta. This study contributes to the time-var-
ying risk modelling, conditional asset pricing, and application of machine learning in finance literature.

Key words: systematic risk; conditional CAPM; machine learning; finance big data
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Appendix Table 1 Detailed description and definition of firm characteristics

45 A E S
TS B EH/ AR (15 )

AM YE =TI L ( assets-to-market ) WF IBUAF 7 B LA B AR T (L
BM I T 717 {F L ( book-to-market equity ) R S0 A i e T A (L5 LA DU A T
CFP R4 BN L ( cash flow-to-price) S8 A Ui R DA B A T (E

DER 555 I AR L ( debt-to-equity ratio) SR A B A i

DLVE iffﬁ%w‘ HiClong term debttomarket o4 1y g o otk i
DP 21 F 4% He ( dividend-to-price ratio) S BB S BR DA B AR T (A
EP T % (earnings-to-price) FETR I H 22 1 AR ISR A AR A T (i
LG 555 3K (liability growth) BABRAEAR AR DL T ARG B
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Appendix Table 1 Continue
] Ak XL
iz B ating cash flow-to-
OCFP )Limﬁ%w(%mmgm o S I 4 L A B LA B AR T
prl(te

PY JB 5B H ( payout yield) AU 2 K TET % 7= B 28 A B LA IV BB oK T i
Rerl 25 (reversal) Mt —60 5 ¢~ 13 1 10 2

SG 1] F74 4 K 2 (sustainable growth) JBCERE I T AN A AR 3 6

B K SR 1 K 2% (sales growth minus
. it I < : L I P T

inventory growth)

5P BB o sales-to-price) AR U A T
16 HYBLHI 1ax growth) B L an ——
BEVERHR (O )

Acc REHHBA (scruals) A S B R 2

pACC EFAHRE A percent aceruals) R 25 2 9L o LR L

CAPXG i TR capital expenditure growth) | VEA St 425 B LAY 5 — SF 96 A L1

dBe %fﬂmm““m%“n“mm®“ewb T 710 A 1 A BB — 6 27
y

P I 78 B3 7 S A7 BT AL L (changes in PPE and | W7\ B FIGE 7 G H A% 4722 Ak Be A i _E A7 /Y

inventory-to-assets ) ARARAE, BR LA 5 —4F R B
A YT L (investment-to-assets ) RABE R AE AR IR LA IS —4F 1Y 58
e 175822 4R (inventory change) PEAEAEAR AR LA R = B4R E
e G Cinventory growth) Z;?i FOAF AR At BR LA TS — 4F B9 PR A7 HEBR LS
NOA 1§12 B BEAS (net operating assets) BT U 2 5 TR LA B
BFIZEARFR (16 1)
ATO PP T2 (asset turnover) B AR LARIE IS — AR 5
CFOA B4 9% 7= e (cash flow over assets) LB A RBR LB
cp 2L 7 (cash productivity) LI T A B Aot LA S e
CTA 4% 77 L (cash-to-assets ) B4 RN 4 SE M 3 AR A 2 A
CTO W2 AT ( capital turnover) B AR LA JE — A ST
EBIT JABIRE (eEarnings before interests and taxes) | 43 1 A5 2% FH FI M 45 %
EY Al 2i # (earnings yield) LR R B LA Al (i
M HbRTEA (gross margins) EDN A 227 M 5 R LA J& — DA
op % gross profiability) 2 BEE A DR 25 B b 9 I BR LA 2 i | 2
BB
NPOP HF (et payout over profits) RS (A T T R AR Bl ) B DL

PRl RiE
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455 2R XL
Iz E YT P I35 (return on net operating as- .
RNA ) HTIH G BBV A R LA 5 — 45 5 18 5
sets
. 2 SCEDI ORI B LS A 2 B R b R R
ROA PP I 25 % (return on assets)
¥fE
. ) BN B L2 T B R b R SRR A
ROE AR 5 (return on equity )
¥fE
ROIC PG T FE 7 UL 55 % (return on invested cap- | FILEHIBLICHT IS I 25 R 228 PECARR LA S BR B
ital) EA (RS AN
NEBET A5 55 W T 5% 7 I (taxable income-to- |
TBI _ Bt AT BR LA
book income )
z-score = 1.2 x (BB EA/ B E) +1.4 x (BAF
. g/ BT ) +3.3 x (BT / B9 ™) +
VA 7 P43 ( Z-score)
0.6 x ( JB 27 {5/ Tl A (i o ffot B ) + (4
/G B
BHESARAR (7 )
6 ™ H A8 1k ( change in 6-month momen- | ¢t -6 A%t -1 Ay EMEIHE I -12 Fe -7 19
CHMOM
tum ) /;% H“ | ﬂi
MOMIM 13 20 8 BRI
MOM6M 6 > H i t-6 3t -1 A1 RRULE
MOM12M 12 41 ghiz t=12 8]0 -1 71 BB
Mom3em 36 N HshE 1 =36 F| - 13 A1 BRUk %
VOLM 2 oy i (volume momentum ) RS G EBCEEN -6 3 ¢ -1 19 Ritilss
vour 365 (volume wend) S R REIRLL 5 T A B
5 BEE SRR (19 1)
857 Qe SR IE — W DL K E T
B D 1648 5 ( The Dimson Beta) {58 P T 4 1 4T 178 5% R 5 — 391 LA B S i T 3 [l
ok AT R Beta
AT I R A A5 K T 71T 2 ) ST 350 A 25 B 5
B_DN T 47 %% (downside Beta) JBE S TR A A 15 R T SRR A £ =2 B A S R B Oy 22
o LA T S e A 1 2 1 2
BETA ARG 4L (market Beta) DA #5232 = ARVR B B 1 Beta {if
BETASQ FRGHEXUR: R KT 2% (Beta squared) RIS 211 Beta 07
. BE IR A R R (Fama and French (1992) | FLAFRZ)E D H IL4E Beta {H, T A FE& —
B Beta) HA M J5 550
. 2 250215 MRS AR T Framsini and Peders- | JEESS OB 0t 20 4 L 5 L s o, i

en (2014) Beta)

e L [l 41 2 (AR S Ak
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] Ak XL
B_HS LSRR FH(Hong and Sraer (2016) Beta) | —4F#ENE H ¥ H I LR Beta {4
oL iimﬁﬁwﬂ( wdlosyneratic v VR | s R TSR 2 R R 2
ILLIQ e s (illiquidity ) 2 ZA SRR RS BR LSS 5
MAXRET K A Y25 (maximum daily returns) -1 AWK B
PRC JEHr (price) t =1 HRMBAM
PRCDEL SERBH price delay) ¢ =37 20 -1 J s A A R LA B DO T S
R AL A I ES
RVOL A28 5 (RMB trading volume) 1= 2 B 1 385w LARE BN S 1 X 5L
SIZE 2\ A HLAE (frim size) IR TE
STD_RVOL ?ij%f% YA Coolaiity of RMB | e e Syt bt
STD_TURN . F- 3P 53 (volatility of turnover) H B s 5 1 3 bpifE 2
RETVOL Wi AP F) 3R (return volatility) WA H S BRI bR 22
TURN JB 545 T (share turnover) BE =AY B 28 5 B DL 24 ] B IR i
ZEROTRADE FEZE 5 KA (zero trading days) Bl — A IS Sy H I IS i 1 A
TCIEHE =48R (8 1)
AGE A EAERE (firm age) ) TTAEEL
D T4 5 58 H ( cash flow-to-debt) YrIHHTFIAEZ 5 I H AW , B DL 3 7 £t
SRR — SR AR Y B Aot S A (B
CR 8l EL 3 (current ratio) L BB LA Bl 17 A5
CRG T3l FL KK ((current ratio growth) ol R AR K R
QR Bl 422 ( quick ratio) TR 0 X PEAE R LA 3l 17 £t
QRG HE HFEH K (quick ratio growth) B LA AR R
Sc H it U8 L (sales-to-cash) BB B &M E S0y
SI A7 1T L (sales-to-inventory) RN LA S
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