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Cryptocurrency risk measurement based on
MIDAS-Expectile regression model
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(1. School of Management s University of Science and Technology of China s Hefei 230026, China ;
2. International Institute of Finance » University of Science and Technology of China, Hefei 230601,China)

Abstract: As an alternative to the quantile-based QVaR, the risk measure EVaR based on the Expectile
model is simpler to calculate and can more accurately reflect the effects of extreme values. In order to
make full use of the information contained in mixed frequency data, a MIDAS-Expectile regression model
was constructed, and the estimation of the parameters and conditional EVaR were obtained based on the
nonlinear asymmetric least squares method. The asymptotic normality of the estimates and coverage test
for conditional Expectile were also given. In addition, the likelihood function and information criterion of
the Expectile regression model were given from the perspective of maximum likelihood estimation, which
could compare and test different models. In order to study the financial risks of cryptocurrencies, in the
empirical part, the MIDAS-Expectile regression model was applied to the measurement of cryptocurrency
returns risk, and the risk contagion of other tradition financial markets to this emerging financial asset was
discussed. The empirical results of the risk of cryptocurrency monthly data indicate that signals from other
financial markets will have a significant or positive or negative impact on the risks of the cryptocurrency
market, and that the cryptocurrency market is not isolated from traditional financial markets.
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Tab.1 a, under common distribution

(%)  U(—asa) N(0,1) (3 (5 ¢(10) ¢(30)
1 9.2 4.3 2.4 3.0 3.5 4.0
3 15.0 9.1 5.6 6.8 80 88
5 18.6 12.6 8.5 10.0 11.5 12.3
10 25.0 19.5 14.5 16.6 18.3 19.0
25 36.6 33.2 29.4 31.9 32.2 32.8
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Fig. 1 The weight function
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Tab.2 MSE\.s and re-MSE of slope estimation of MIDAS method under fast decay weight
T=200 T=500
AR R RE n=10 n=90 n=10 n=90

MSEqyas re-MSE MSEyas re-MSE MSEyas re-MSE MSEyas re-MSE

0.0105 0.0145 0.0316 0.0081 0.0042 0.0057 0.0082 0.0019

0.0075 0.0103 0.0147 0.0037 0.0031 0.0043 0.0065 0.0015

N0 D 0.0053 0.0072 0.0116 0.0028 0. 0022 0.0030 0.0039 0.0009

0.0100 0.0133 0.0198 0.0051 0.0045 0.0061 0.0081 0.0019
ARCD o s6s 00481 0.0363  0.014s  0.0150  0.0205  0.0205  0.0049

. 0.0193 0.0266 0.0282 0.0071 0.0083 0.0115 0.0136 0.0032

1) 0.0089 0.0125 0.0161 0.0039 0.0034 0.0048 0.0068 0.0015

- 0.0329 0.0437 0.0393 0.0103 0.0163 0.0224 0.0218 0.0052
P ey 0 1014 0.5170 0.2709 0.0570  0.0614  0.2088  0.1121

N0 1) 0.1087 0.1368 0. 3540 0.1933 0.0420 0.0441 0.0988 0.0491

0.0780 0.0906 0.1922 0.0963 0.0270 0.0273 0.0699 0.0298
ARCH(1) oo 01317 01671 04762 0.2223 00587 0,065 0.1533  0,0940_

0.4745 0.6082 1.5230 0.6427 0.1841 0.1997 0.4273 0.2677

0.2902 0.3620 0.9788 0.5074 0.1039 0.1115 0. 2593 0. 1464

1o 0.1235 0. 1496 0.3674 0. 1877 0.0437 0.0438 0.1310 0.0579

0.4713 0.5922 2.0311 0.7702 0.1884 0.2072 0. 4370 0. 2608

0.0105 0.0052 0.0262 0.0024 0.0042 0.0021 0.0098 0.0008

0.0076 0.0037 0.0214 0.0019 0.0031 0.0016 0.0072 0. 0006

V@D 0.0053 0.0026 0.0162 0.0014 0.0022 0.0011 0.0037 0.0003
ARCD o 020100 0.0018 00275 | 0,0026 00005 0,002 0.0109 00009

0.0381 0.0188 0.0585 0.0055 0.0149 0.0074 0.0243 0.0021

0.0224 0.0112 0.0387 0.0035 0.0083 0.0041 0.0164 0.0014

1o 0.0085 0.0042 0.0194 0.0017 0.0034 0.0017 0.0076 0. 0006

. 0.0359 0.0176 0.0585 0.0053 0.0164 0.0082 0.0282 0.0024
By o060z 0.5608  0.1260  0.0566  0.0221  0.2047  0.0120

‘ 0.1027 0.0464 0.4011 0.0873 0. 0407 0.0150 0.1428 0.0248

N -1 0.0705 0.0290 0.2917 0.0492 0.0265 0.0097 0.0706 0.0097
ARCH(1) oo 01464 0.0865 06403 0.1354 00535  0,0200 0.1418 0.0295

0.4841 0.2201 1. 1601 0.2341 0.1869 0.0735 0. 3808 0.0793

0. 2854 0.1267 0.7656 0. 1640 0.1014 0.0389 0.2584 0.0477

o) 0.1236 0.0515 0.3137 0.0568 0.0425 0.0155 0.0935 0.0135

0.4741 0.2278 1. 4801 0. 2897 0.2001 0.0764 0. 3656 0.0783

[ i EA X B 1958 — 31102 MSExaLs» 5 — 31 J& re-MSE; 5 — 2|55 10

|

=N

SrZR © = 0.05,0.1,0.5,0.95 FIRFO, % 3 FH.
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Tab.3 MSExs and re-MSE of slope estimation of MIDAS method under slow decay weight
T=200 T=500
R B RE n=10 n=90 n=10 n=90
MSEyais  reMSE MSExais  reMSE MSExais  reMSE MSExais  reMSE
0. 0094 0.6024 0.0116 0.0140 0. 0038 0.3522 0. 0036 0.0035
‘ 0. 0068 0.5023 0.0078 0. 0087 0.0028 0.2521 0.0029 0.0028
N -1 0. 0046 0.4016 0. 0047 0. 0050 0.0019 0.1906 0.0018 0.0017
0. 0092 0.6175 0. 0099 0.0120 0. 0038 0.3533 0. 0035 0.0035
ARCD e ssr 19517 o 0ats 0 0506 0,034 0.8133  0.0146  0.0148
0.0187 0. 8989 0.0211 0.0238 0. 0076 0. 5483 0.0072 0.0069
o) 0. 0077 0.5941 0. 0084 0. 0087 0.0034 0.3017 0.0032 0. 0029
_ 0.0316 1.1037 0.0473 0.0553 0.0129 0. 8196 0.0144 0.0142
B s 1 oss6 T 0.9004 0,516 0.0570 | 0.7803  0.2964  0.2753
‘ 0.1033 0.9304 0.6315 0.5415 0.4623 0.7503 0.2165 0.3355
N-D 0.0748 0.9385 0.4136 0.6084 0.0290 0. 6486 0.1238 0. 2866
ARCH(D) oo 0213171091 0,926 0.5236 0,054 0.8324  0.2870 05200
0.4595 1. 2145 2. 8755 0.9362 0.2017 1.1013 1.1038 0.8631
. 0.2785 1.1892 1.6276 1. 0140 0.1134 1. 0515 0. 5667 0. 7051
o) 0.1276 1. 0650 0.8173 1.0312 0. 0489 0.8119 0. 2452 0.5436
0.4988 1.1897 2.4250 0. 8567 0. 1805 1.0842 1.1272 0.8744
""""""""""""""""""""""""""""" 0.0094  0.2845  0.0103  0.0044  0.0038  0.1417  0.0036  0.0013
0.0068 0.2237 0.0071 0.0029 0.0028 0.1021 0.0029 0.0010
N 0. 0046 0.1648 0. 0048 0.0018 0.0019 0.0730 0.0019 0. 0006
0. 0092 0. 2876 0. 0094 0.0041 0.0038 0.1429 0. 0037 0.0013
ARCD e sst 07781 0,025 o.olaz ololsd 0.4126  0.0131  0.0048
. 0.0188 0.4950 0.0187 0. 0076 0. 0076 0. 2488 0. 0079 0.0027
to) 0. 0077 0.2626 0. 0077 0. 0029 0. 0034 0.1228 0. 0031 0. 0010
B 0.0316 0.7058 0. 0380 0.0159 0.1296 0.4119 0.0131 0.0047
BT e o g0 0.7710 0,177 0.0570  0.4740 0.2242  0.1041
0.1035 0.6665 0.4927 0.1670 0. 0462 0.4304 0. 1435 0.0895
N 0.0747 0.6419 0. 3040 0. 2069 0.0290 0. 3483 0.0714 0. 0606
ARCH(1) oo 021516 08216 0.7058  0.1452  0.0544 04875 _ 0.1901 0,086
0.5153 1.1323 2.3011 0.3930 0.2028 0.9200 0. 9605 0. 3404
0.3099 1.0624 1.5523 0.4605 0.1222 0.7276 0.4749 0. 2404
1o 0.1297 0. 7759 0.6203 0. 3261 0.0526 0.5108 0.1552 0.1415
0.5075 1.1600 2.5547 0.4754 0.1894 0. 8875 0.9391 0.3589
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Fig.2 Daily log closing price of cryptocurrency
4 BB
Tab.4 Data description
begin end size mean median std skew skew, 2SE kurt kurt, 2SE ADF

Bitcoin  2013/4  2019/5 74 55704 2.5632  29.6886  2.2229  3.9809  10.9601  9.9333 —3.8891° "
Panel A: i Ripple 2013/8  2019/5 70 6.2215  —6.3877  53.7432  1.8948  3.3039  4.1909  3.7005 —4.2535" "
FEMIEE  Litecoin  2013/4 2019/5 74 44356 —3.7283  45.2669  3.3599  6.0171  17.5705  15.9245 —3.3628"
kO] Stellar ~ 2014/8  2019/5 58 7.1933  —L.7758 48,7676 1.5843  2.5251  3.3140  2.6806 —d4.1474% "~
CRIX 2014/7  2019/5 59 51120 3.6896  25.6903  0.4976  0.7996  0.6834  0.5572  —2.7094
""""""""""" S&P500 2013/4/1 2019/5/31 1554 0.0364  0.0531  0.8188  —0.4768 —3.8407  3.5810  14.4310 —12.17" "
FiE&E 2013/4/1 2019/5/31 1501 0.0109  0.0548  1.4772  —1.1325 —8.9652  6.7261  26.6405 —10.585" " "
Panel B: 4b &AL 2013/4/1 2019/5/31 1555 —0.0187  0.0000  0.9945  —0.7962 —6.4148  9.8563  39.7321 —12.599* "~
WAE I WAEE 2013/4/1 2019/5/31 1555 —0.0463  0.0000  1.1657  —0.1801 —1.4514  2.1980  8.8605 —11.296" "~
F(HE)  felfB 2013/4/1 2019/5/31 1555 —0.0590  0.0183  1.7947  —0.1087 —0.8755  2.6741 10,7796 —11.3°*"
ETTEE 2013/4/1 2019/5/31 1610 0.0104  0.0124  0.4201  —0.0933 —0.7648  2.2119  9.0723 —11.927" "~
FEIUH AR 2013/4/1 2019/5/31 1610 0.0069  0.0016  0.2511  0.5297  4.3422 15,9744  65.5199 —10.198" **

L] B 28 4 s R 508

100In (p,/pe1). RPGI A skew. 2SE J2 M S 6 535 PEAE AR L 7157 0 52 B DA 2 A% ) b ofi 22, 7

| skew:2SE | > 1,8 400 B % A T 0. kure, 2SE 261 fF5 » FR(ERFNAKF 1000 FRF, « x f£500 FRF, » » x 1% FR#F

3.2 SiEER

TEIX B 43 B 52 HE A SOR RS AN A /R H
JEWC AR factory™e 43 5l 4 g B 742 X 45 Ff b 25 6 1T
B A B I 25 crypr™ B EVaR B 47 [ 9, BD
MIDAS-Expectile a1 H

D
= By +B 2 B0, .0, factor +u, (15)

Fo~F 94T A5 M A S B4
R T HAAL e 4 flol 3 5 ey n s AR T
Ty A B R 2R . A 5 4 Rl T 37 18D A IXURS: A% G BIL ) A
Sk FEEE BRI OC TN % B T T 5 0 A DG B 5T AR A Bk
= AR SC A B3 57 MIDAS-Expectile [ 5 45 71
e X} 3 — Ty 1T B A 5T R AT RN T

crypy® !
d=1
% 5 Bitcoin By Expectile B34 R
Tab.5 Expectile regression result for Bitcoin
S&P500  LIEZEHE RAEBARE RIMAEEC REURIEE BouE LR ARMILE
Bo —14.3999 —13.7877 —13.3454 —13.7212 —14.2733 —15.0167 —15.9193
0 0 0 (0.0011) 0) 0 0
B 20.9282 7.0045 —15. 3241 13.136 6.3251 27.7691 82.5498
(0.0317) (0.0111) 0) (0.0022) (0.014) 0) 0)
0, —1.0351 15.8611 17.6158 —6. 7307 —0. 3865 —0.8614 —1.6835
(0. 0456) (0.0033) 0 0 (0.2143) (0. 3186) (0.0748)
Panel A: ¥ % 0, 0.0614  —0.7098 —2.5549  0.2817 0.0323 0. 0552 0.3203
Almon A7 i £t 2 . . . . . . .
(0.0286) (0.0037) 0 ()] (0.0134) (0.291D) (0.0401)
p_both 0.0107
AIC 381.7611 382.708 382.1663 389. 1497 387.5175 386. 653 380. 5475
BIC 390. 9774 391.9243 391. 3826 398. 366 396. 7338 395. 8692 389.7638
coverage 0.2162 0.2432 0.2027 0.1757 0.2027 0.2162 0.2297
(0. 9383) (0.6599) (0.7916) (0.7553) (0.983) (0.9541) (0.875)
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&S
S&P500  LiFZRFE RAeMIEEH FWRISE BEWIEE EouiEg EaiARMICE
B —3.859 —5. 3461 —7.9955 —4.1282 1. 0436 7.7134 14. 9581
(0.048) (0.0032) (0.0441) (0.0414) (0.6621) (0.6827) (0.3103)
Panel B:Beta f{ & AlIC 393.903 397.1765 394. 0916 393.3344  388.9758  388.7736 390. 653
PR 5 BIC 403.1193  406.3927  403.3078  402.5507 398.192 397.9898 399. 8693
coverage 0.2027 0.2432 0.2027 0.2162 0.1892 0.2027 0.2027

(0.9272) (0.9341) €0.2477) (0. 9489) (0.9521) (0.9881) (0. 9652)
[ ARFMRE T = 0.1 F X Bitcoin A E 25 EVaR ) MIDAS-expectile [0] )78 5 14 45 5, 44835548 50 5I/E 0 H 28 5. Panel A 0% T
AL FRFCHTE L Almon 230 X bR 45 L , Panel B 5 T AUE BRECH Beta PRI EEHR. S8 T 7 9485 P2 B E MWK 109 p (. p_both
S (01,0,) TRy 03X — Bk 56 19 p (B, SHC T T3 25 17 W SCHRLS . coverage R T W25 RIETEAG 19 EVaR T H LG, B TS
R TR N coverage 5T ao X —HRIRMY p . & 6~9 [[].
% 6 Ripple B Expectile [@] )3 %5 R
Tab. 6 Expectile regression result for Ripple

S&P500  LIEZRHR  BEEJRIREC RAEEC RBIRIEMC EIUHRE FUUARMILE

Bo —24.1613 —25.8261 —25.5437 —25.6596 —24.5576 —25.2512 —26.2119
0) 0) 0) 0) 0) 0) 0)
B —23.6827 —2.511 —30.9469 —14.1215 —11.5547 —17.4889 70.0225
0 (0.002) (0.0335) (0.0212) (0.0462) (0.0086) (0.0066)
Panel A. 45 ¥ 0, 0.2168 0 —0.7086 —0.1043 0.8115 —8.6962 48,4513
Almon A bR $Y ) €D) (0.0086)  (0.4783)  (0.1042) ) )
0, 0. 0006 0 0.0378 0. 0079 —0. 0344 1. 2494 —5.3982
0) (@] (0.0234) (0.4833) (0. 0287) 0) 0)
p_both 0.0333
AIC 435.5164 438.0952  441.3357 437.839 438.1615  438.9038  433.6862
S BIC 444.5104  447.0892  450.3296  446.833  447.1555  447.8978  442.6802
Panel A: 18§ % _ _
Almon KT i 5 coverage 0.3 0.2571 0.2571 0.2571 0.2571 0.2286 0.2571
(0.7741) (0. 8586) (0. 3758) (0. 8958) 0.7771) (0. 8766) (0.849D)
"""""""""""""""""""""""""" B —4.1814 —2.5019 —9.8663 —7.877  —5.0412 —18.5903  19.277
(0.0139) (0. 6454) (0.0114) (0.0393) (0.0099) (0.0021) (0.0232)
Panel B:Beta #{ # AIC 441,172 437. 8583 445, 7739  447.5525  447.6019  442.2484  440.1022
PR 2 BIC 450. 166 446. 8522  454.7679  456.5464  456.5959  451.2424  449.0961
coverage 0.2571 0.2714 0. 2286 0. 2857 0.3 0.2429 0.2429

(0.8941) (0.8911) (0.4389) (0.7664) (0. 8663) (0.4018) (0.9772)
% 7 Litecoin B Expectile [B] )3 45 8
Tab.7 Expectile regression result for Litecoin

S&P500  LiEZiiE SRR RMIEE REBIERL EIUIREl EOUARMILE

Bo —23.5654 —18.9563 —20.6798 —21.842 —21.5859 —24.2198 —22.0247
0) 0 0 0) 0) 0) 0)
B 14.5711 5.7548 —34.4053 —21.8768 —2.3895 28. 4158 83. 6807
(0.0052) (0.0463) (0.0002) 0 (0.0013) (0.0492) (0.0047)
0, —4.2189 10. 0618 1.4 9.7321 5.7526 —4.9293 0.6764
Panel A. $& % 0) (0.0669) (0.0015) (0.4626) (0.2476) (0.0297) (0.0031)
Almon £ 5 5 0, 0.4263 —0. 3839 —0.1713 —0.4194 —0.2743 0.8612 —0.0938
0) (0. 0434) (0.0059) (0. 4816) (0.046) (0.0278) (0.1599)
p_both 0
AIC 438. 2896 435. 8072 428. 3786 444, 1366 437. 8821 431. 8412 433. 5358
BIC 447.5059 445, 0235 437.5948 453. 3529 447.0983 441.0574 442.7521
coverage 0.2297 0.2162 0. 2568 0. 2568 0. 2027 0.2027 0.2027
(0.6943) (0.4155) (0.6032) (0.35) (0.9576) (0.5619) (0.9238)
B —3.5247 —7.2047 —9.4108 —5.4619 1. 6304 11.6311 27.2914
(0.0107) (0.011) (0.1064) (0.0077) (0.6665) (0.4994) (0.0253)
Panel B:Beta #{ & AIC 439. 2953 449, 7481 443. 8329 441, 5946 436. 8697 436. 2809 440. 8234
BRI 2 BIC 448. 5115 458. 9643 453. 0492 450. 8108 446. 086 445, 4972 450. 0397
coverage 0.2027 0.2432 0.2027 0.2162 0.2027 0.2027 0.2297

(0. 8022) (0.9904) (0.2354) (0. 8173) (0.935) (0.9757) (0. 7959




870 TEHAFERAKRZZIR % 50 A
% 8 Stellar By Expectile [B] )3 45 R
Tab.8 Expectile regression result for Stellar
S&P500  LiEZRAE  SAEIREC RIRIREC BEVESEEL EICEHL HaRARMILE
Bo —22.8563  —23.353 —23.6244 —23.5805 —23.7307 —23.0567 —24.584
0) 0) 0) 0) 0) 0) 0)
Panel A. 3§ 3t B 8. 6245 6.6691 27.2723 3.5155 —1.7986 —36.4781 62. 3649
Almon FE KL (0.0015) (0.0261) (0.0238) € € (0.0002) (0.0452)
0, 4.0259 —1.4058 —0.4378 2.8 —3.9759 1. 0331 1.1943
0 (0.0623) (0.0016) (0.2986) (0.1707) (0.0227) (0.0375)
O . (0.0623)  (0.0016)  (0.2986)  (0.1707)  (0.0227)  (0.0375)
0, —1.098 0.1335 0.0222 —0.1228 0.2026 —0.0375 —0.1348
0 (0.0132) (0.0214) (0. 3882) (0.0019) (0. 0001 (0.0373)
Panel A: 4§ p_both 0
Almon U E R 4L AIC 354.1084  353.0661 354.3013  355.5928  355.6613 355.02 352.9317
BIC 362.3502  361.3079  362.5431  363.8346  363.9036  363.2618  361.1735
coverage 0. 2759 0.2759 0. 2586 0.2586 0.2931 0. 2759 0.2931
(0. 9159 (0. 8353) (0. 7806) (0.9927) (0. 946) (0.9829) (0.9517)
S g 81921 0.0623 3.2773  —0.5568 —0.2401  1.8078  14.0759
(0.0428) (0.9724) (0. 7131) (0. 8593) (0.923) (0. 8857) (0.5208)
Panel B:Beta # & AIC 358.7112  355.6817  355.2189  355.6366  355.6673  355.6497  356.0014
PRI K BIC 366.9529  363.9235  363.4607  363.8783  363.9091 363.8915 364. 2432
coverage 0.2931 0.2931 0.2759 0.3103 0.2931 0.2759 0. 2759
(0. 5717 (0.9996) (0.9705) (0.9972) (0.9861) (0. 9863) (0. 9259
& 9 CRIX BJ Expectile [0 3 25 8
Tab.9 Expectile regression result for CRIX
S&P500  LiELZRHE A EISEC RAIREC BEVRHEEC EICEML RMARMILE
Bo —14.7704 —13.0162 —14.8094 —12.3086 —12.8953 —14.2903 —14.6765
0) (0.0138) (0.006) 0) 0) (0.0002) 0
B 25.9409 9.9309 —10.0167 10. 128 3. 4396 —20.5194  32.8759
0 (0.015) (0.0432) () (0.0322) (0.0134) (0.0244)
0, —0.4961 —0.0284 12. 6267 —1.5978 —4.5551 —3.0378 —1.3071
Panel As 35 % (0. 4469 (0.9576) (0.0111) (D) (0.0002) () (0.1092)
Almon *XEI%I%I 0, 0.0361 0.0382 —0.5996 0.104 0.6489 0.1968 0.1023
(0.2162) 0) (0.0055) 0 (0.0003) 0 (0.1002)
p_both 0 0. 0464
AIC 294.1238  304.3921 306. 656 300. 7523  300.0051 318.1314  303.2302
BIC 302.4339  312.7023  314.9661 309. 0624 308.3153  326.4416  311.5403
coverage 0.2373 0.2373 0.2034 0.2034 0.2373 0. 1864 0. 1864
(0. 833) (0.5677) (0.9191) (0.9736) (0. 8715) (0.7326) (0. 8116)
- B 1.7462  —2.3954 —10.8795  5.7364  2.8247  —8.9821  12.6989
(0.0252) (0.517) (0. 0065) (0. 1427) (0.3147) (0.0277) (0. 3755)
Panel B:Beta f{ & AIC 302.9799  304.3145  318.4413  302.2068  302.5538  306.4083  308.3742
ik BIC 311. 29 312.6246  326.7514  310.5169  310.8639  314.7184  316.6843
coverage 0.1864 0.2203 0.2203 0.2203 0.2034 0.2034 0. 2034
(0. 9408) (0.9394) (0.1081) (0.6679) (0.792) (0. 9567) (0.8616)
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