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Abstract

The cryptocurrency represented by Bitcoin is a new type of currency which is completely different
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from traditional currencies. It is well known by the public for its high risk and high yield. In this
paper, Granger causality qualitative test and Liang’s information flow causality quantitative anal-
ysis are used to study the correlation between five different cryptocurrencies. The results show
that the Granger causality test can only qualitatively determine whether there is a causality be-
tween different cryptocurrencies. The quantitative analysis of causality of Liang’s information
flow can not only judge whether there is causality between different cryptocurrencies in a strict
physical sense, but also directly calculate the magnitude of causality between cryptocurrencies
quantitatively, which is an important reference information for investors to make investment.

Keywords

Granger Causality Test, Liang’s Causality Analysis, Information Flow, Cryptocurrency

Copyright © 2021 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 518

M T EER PR A R, R T A R R A T BRI . B s B 7 MR 3L, BN
Moo T B o SR R BEAT 22 4258 By B — R B8 T, "EMSL T U BUI RS GE RN LAL , HLASSZ sk R ),
A DAAE AN (4 [ 2% (e o H B ik R (] A da e+ 248, (AR s s U 2= »
XHEGEGE T3 AR K it o

FE e I A AN A BRIA R R TSR, I 5 R B Beah R B R . U s RO ARRAE
— 7, AN B AR F RE BN SR T I AR, MBI . O, TR X,
SIS PR . IXARMREII BT E B AY, AERHUE A 17X IEIR I B [1]. A8 e
(6], DAEGARS AR AN 52 i SR IB K BK, (HAIR e/, AMUKE TREITRMNH, &
MR D SR e T JE SRR AU R, SRR T ANATIR N BT T4 A [2] . 2008 £F H A HE SR H
LR T (BTC) 25 —Mon bt i, BREURe i LLAh, AR Z HAMA I BT M, WEUKM(ETH). 30k m
(ADA). ZHF M (LTC)MIEE T (XRP)4E . BEHE N 5% M 9 AL AN T = ROHK,  ns B2 2z [ Ay B SRk
AN NI B 1

2. HRERA

BEE I B MR SRR, BMHmRA TRREMNARN . S EEUF. 23 A H#R T 46 =
RUEME MRS 0. GRS e MRS A R B, FEAE. R S TR BURKE,
RGBS FA T2 AR AR, AN ERFEE.

RTIMER A G, 2HARBE S WIE BB RS —. KEHCEEE N INE B T8 52 HeRe m
TN B GRS Ja B 5 3 BRI AU . RUESE BT LS T2 SR ARAT MR IR, AMEREIE, EAE
BT BT AV EERE MBI B AR, EBE T LI S AR e s e i e, 7 T
PR IR K — R EIE I ASE LA . EXINE B8 MR h L SR I oRE NE, IOy RS
A EFE RS e, REEEST, PURRIE, I o Rl i B R R A ANE]
BARERT. sk 85 [SIAUINE B8 O AR & 7 BORFEARRIES, TR 7 aERERE N ERE &
AFEr A ST S . A ZR[6] A N s B2 T AN DX HRBEAR AT € 22 BOA T — A e R R Bt B0t ) S PR,
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TN 0% S I SCRER AR 2, MHELZ N, S5n%s 0% i B R OC R 00 A ORI SRt 7 L2 .
Lu ZE[7]8] FA% 22 75 (Granger) PR 5 96 28 i 16 B0 RN 22 B IR SR 56 R 5 B o A it n s B A g M I i a2
AR R IATHT AT . A A ARG R E VRIS R # Z M A R K R, RRERERRERIT
MRS (A R SO A e T N B T B O IS T (B BRI O &R, DA A R FRL T
KR o6 & JF 2 B 145 1 K/ . Rehman 1 Apergis 25 [8]1% BlE S 8040 R 5 55 R B8 T VERT 9%
Il mE R 2 HRE R R EGRERY, ERZSEEBSMEMBEN T, MINE TR
i A DA B R R R

I JLAESR, N B MR 34 b v LA AR T2 (R AE ELRE A, AH FORIRYT, HOC T In# e m
Z RS OC R SCOCHERZIZ TG L. DR, AR SCR FS 22 AN R SR 0 R PR SR AN 22 QR SR K & &4y
Hrk4R 5T BTC. ETH. ADA. LTC 1 XRP &5 Fp 3= B0 1 Ml as 2 sh 2 R BRI R OC R, FHHEH
Pl IR
3. IRBER SR

(—) HIERFEEHRESR T

AT (https://en.investing.com/)i%E B BTC. ETH. ADA. LTC #l XRP Z:H At in 2 ¢ M H
W B, FEAIX A 2018 4F 1 H 1 HE 2020 4 12 A 31 H. N T iHBRRI Z R, ARSO Hilk
BN BERBOSBUEEZ, Br(t)=InP(t+1)—InP(t), Ho P AHBEAN, r ovilais. RSO Fphn s
B M H s 34T A DA 7 e A T2 TR I R SR SE &R

skt R E N ORISR AT RR MG T b, gk 10 ANF L HpRTRUE L, AR B i )
W AR 2RO, FLUSCAE 27 5135 00 A IR R RRAE . IEZS A A REA IR EE R 0, WefEy 3, HI
Mo U4z (Jarque-Bera, J-B)4tit M T 0. 10 FFINEE 07 Ml ai 1) J-B il &HiE K+ 0, RUH
s B M s 2 5 5 A IR IERS 7010 .

Table 1. Descriptive statistics of the return rate of five cryptocurrencies

1 AipnE Tl m R e Gt

Blas Ferc Femh Ixrp FaDA roe
Mean 0.000304 ~0.000009 -0.000887 -0.000537 -0.000236
Sd. 0.017627 0.022681 0.024975 0.026560 0.023484
Min -0.215965 -0.256077 -0.234961 -0.232803 —0.211405
Max 0.069039 0.094051 0.147536 0.151469 0.124378
Skew -1.780443 -1.520760 —0.565015 —0.379961 —0.381754
Kurt 25.27250 19.15820 17.74424 10.51339 11.46239
J-B 4iit & 23209.87 12333.03 9976.642 2601.852 3293.826
P14 0.000 0.000 0.000 0.000 0.000

ST B IS TR 2 B0 B D [ A F) 1) R, R ADF SRS ARAR B 7325 20 S e TR B B i s R
AT 7Rt G, AR AR 2. ADF fIGss BRI, fMnE ik MG R a2 FRrs,
PAHEAT T — 2 IR R4

AAME BT A 2018 45 1 H 1 HE| 2020 4F 12 H 31 Hia A h@s i 1. NEH LA H,
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Table 2. ADF test results of five cryptocurrency return rate series

2. mipmELTHIm R FIR ADF /IR

B4 ADF 1% level 5% level 10% level oo 4 )
Ierc —36.10100 —3.436111 —2.863972 —2.568116 T
reth —22.64239 —3.436116 —2.863974 —2.568117 T
I'rp —34.38516 —3.436111 —2.863972 —2.568116 T
'ADA —35.56363 —3.436111 —2.863972 —2.568116 e
firc —36.15844 —3.436111 —2.863972 —2.568116 T

0.08 -
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0.04 ~
ﬁ' 0.02 ~
= 0.00 ~
0.02 ~
0.04 -
006 AN ' AN ' AN ' NS ' AN ' NS ' AN
TN G g0 Gt 8 et

I 18]
Figure 1. Timing chart of the returns of five cryptocurrencies

B 1. RApineR £ e R AR E

N T R AR T ORI B T B TR (A D, AR SR R R A 9% 2R B R ok e o R n
R Z M PRBARRE, A BWE 2 fim. ME 2 afDUEH, RN 5 il as R 2 a4 2HUH IE
MK R B —Fioinas 0 s & AR A, Hoe DRl N 15 mE e b R AR 28 4. 4810,
B IRIAR IR REUE — PR LI REA, B ARG dE L, A nEY s ENSIe]. X
i, BERERNHGE SN RS B T R O R, W FR EER DR RO 2R I 5 1R AR T RPN 2 B T 2 IR A7AE 1)
KR

() MEARFERRAREERE

1 22 285 DR R O 2R 5 M ARG 960 3 S FH R A0 AT 748 8 2 [ 2 75 A7 1 DR SR 56 2R DA RS I %748 2 (1) PR A
B R R B (O FEE[10]. AAEELS TARE X, Y I £E RIEMET, XAE Y FTRINRCR T H 8
MY (i RGBT Y AT TRINCR . RIS X A B TR AR R Y 1Rk, NN & X 2515
AR Y R L AR IA[11].

BoE, AT R P R RER . T2 A AR (U )R LR B R (r), Bl @) AR Q)
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Figure 2. The correlation coefficient between the five cryptocurrency yields
B 2. AFmMELEMHNERZ BNEXRE
Y, = o +Zp:ath_i +Zq:ﬁ, X + & 1)
i=1 i=1
Y=o, + Zp:ath_i +& )
i=1

A, o FoREHO,  p A 73 AR X FIY BRI, 6 MBS . R EIR AN B AR ) ik
ZEF-J7MIRSS, I RSS, Kt 5 F Giit&, HREXWT:
_ (RSS,—RsS,)/q
RSS,/(n—p-q-1)

Horb, n AREAREE & EAR R K REMRR N ERBEA: “Hy: X ALY Ik 2 ARER ",
Bk B = B, == B, =0 R, WRF2F, (q,n-p-q-1), MB. g, B, AREN 0, NI
JRAEE, VWX 25liY B A RK, k2, WAREIE LR

M RPIR K REVER IR I B AR IR . 5k, FIH AIC 15 BAEI T H A% 22 AN KR 5¢ 2 PR A
WA EEL AR TR F it A AR (Probability) . AHAEREZR R IE L R R EE — 2K
HARIMEER, ZMEEN, BN IR R R . 25 3 TR B AR EE AR L AR RO R e AR G
R SRR TR TR M [MAFERUIR G R, W ADA I BTC Z M HOAIR G & BTC A5l
XRP ZEAL I JE R, {H XPR J& 51 #2 BTC ARG R IR . SRS 22 728 DR 56 2R 5 P AGL 6 - 450 X ik b PR 56
RIRANFEAT EAL

EL PR 5 S5 [12] 48 H RS 22 28 BRI O 2 58 T AGL 0 o o] BE AR AE 1Y) el /R, 0738 B 46 v e 2 31 5 U 4R R )
ELSEoE AL . e HEWT T AE A . Smirnov [13]HIBF Ft 25 R, AR LR B¢ 2 e VEAG 06
V2T SRR RO R HEWT . S T3 H A E S50 0t € B EE ARG R IR, AR
FH— P R e L R 1) P 1D TR SRHE BT 75— IR RO R g &M, SR 36 R I B o UAc 2 26 2 (]
IR K 2R

F(a,n-p-q-1) ®3)
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Table 3. Qualitative test of Granger causality of five cryptocurrency returns
3. AMMESTHWERMOE=AERXREMKRE

JE R AlC F GiilH Prob. BESELEN
Fapa A2 51 rarc A 22 AR R 0.00217 0.9629 Ej e
Fare A 31 raon AT 22 255 0589 2.97347 0.0849 st
Ire A2 51 rare LIRS = A5 A 0.12041 0.7287 HH4
ot A2 317 rxme AEHLHAORE 24 25 5[] 10420 14.8986 0.0001 PRIy
P ARG AL rare B AL IAIRE 22 25 J5 1.17655 0.3175 TH4f
Forc A1 rern 8 L1 22740 5L e 401019 00075 T
Fire N2 rare LIRS 2 AR A 1.38283 0.2399 A4
Fore AN 312 rirc ZEAL OS2 25 A e 297347 0.0588 st
Ixep AT rem LIRS 22285 K] 0.30624 0.7363 HH4
Fetn A2 T rye ZBRALIIHE 22 AN R it 10.4842 0.00003 AiE4
Faoa A2 5L rem BALHIRE 2278 R 0.88401 0.4134 a4
Fern AN 31 raon ZEAL T4 24 A5 5 048 2.30919 0.0998 st
Fern AR 3 rire ML 22 A5 LA 2.68291 0.0688 frigy
Fire RAEEIE e BALHO b 22 AR s 0.01653 0.9836 st
e A2 3 raon LIRS 22 2455 1.46267 0.2321 s
o TR 312 e ZE AL RO 22 AS5E o 6.20162 0.0021 Afds
Fire A FE 31 #2 e LIRS 22 255 7.10808 0.0008 FREr
e AR 31 rirc ZEAL RS 22 25 A e 040365 0.6680 st
Faoa 2T rire AL EIAE AN 1.30490 0.2536 N
Firc RSB raon LRI 24 25 LA oo 0.08591 0.7695 4

(=) RRERKRERST
5 AR R M I 58 AR, Liang [14] [15]52 T/l FCSEAA) B R SCRE &
(77 SVEAS B 1) S B AR S &R o FEPRERSe SR I R/ il £ B AOR TR . (5 SRR E R AR
G AT R SLAE A PERE IR SRR b . Liang [14NEM] 77X n 4630 R4, BRI X BA TR
B
dX =F(X,t)dt+B(X,t)dW (4)

Her, w R4Eghid R, FRIERRBAEEMARLIESR T), B 2Ish REKFERE(T L2 X At )
AT %), 70E X, Bl X FfE BRERN:

Tj»i =-E [i.[m”z a( Fip] ) dxl’]l+l E [i.[m“deﬁ] (5)
Y2,

pi aX| 2 i aXIZ

Reft, dxg TR T dx Fldx, DUSMIdx . E FRECEIEL g, = hby Al p, = g (x ) 1 x, b8
k=1

R, p; = p(x)dx o WIRT,, =0, 5 X FREGE X, ENRA. #T,, 0, WEFX, &5
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BUX AR, A2 AR R K AR H TR T, tH 5 X 5 X Z IR R AR 1 B AR E
Eﬁ#%f%%Z@I%%%mﬁ¢%7u%ﬂm#%ﬂﬁﬁ$%

RO AFE NG SRR ORI, EE T MR, I RE S EXECLNIAT . A,
Lm@ﬂﬂf%ﬁ%ﬁm#?ﬁ%?ﬁ?%&ﬁ@?ﬂXﬁmg, UM X, B X R ) i K AL IR A
& T, FAEW N

T _ C11012Cz,d1 B C122C1,d1
e C121C22 - C11C122

Hef, C=(Cy)Fom X, 5 X, ZIMMTT %, C X, 5 X, 277 %, X, /& dx, /dt R AR
FEZE IR R, HRIEAT

X;0 = (X s = X, )/ (7)

Horp, ACERBHEEK, — 00T, B QG R T, |, v LU R, il A E . 4T, =0,
Fom X, AR X PPAERNER, X, A2 S8H X B WRT, =0, WFERX,5 X, ZEAFEREKR.
X, B X, Z AFE R SRR R DL R, 7T DR S B R RS R X WA oL 24T, NIER,
TR X, M X ARE. 28, RZFAR. HHTREHEGENY, FSAREFEE, HAJEHEEHK
/N16]. HARIERE S, W IHE WG EIFEARY 7 2, BIRA S HE, A EEE THRRXR
SARCHEZ IR 4t . RIDERISROC R IR AHSCHE, (HAIGME IR — 2 RN K R([7]. HLESLBRI A,
VARG S ARSI BEVE. ZARCNA TS ARSI, IR T BENIR.

B2 4 N FFNINE T U AR 2R 2 R 1S B EhE R . K 4 FaTLUE Y, 40 BIE R M 0.077
# 0.145 Atk Ejj(al\]j\j|TETHﬁXRP|‘ |TBTCaXRP| > |TADAaxRP A |TLTCAXRP| o AFET 0 HIE NI &Y
BKLEﬂLAWHﬂUC%XWZﬁ@ﬁEﬁH%%%OFm%mLﬁm%Mﬂwm%mEK%$
0, %W BTC /£3/i2 ETH. ADA Il LTC ZBHMER . [Tery ,uon| Pl Temm e | A4 0, 9T ETH 23]
2 ADA FI LTC ZBAK IR K o SRy 7 S 00 B0 A4 JEE /s N 25 0% U026 2 I ) DR B0, R sl
WK 3 fios.

Table 4. The absolute information flow rate between the five cryptocurrency yields for all 1096 days

= 4. 2B 1096 X AMNZEMINER 2 BIHIE T EERNRE

(6)

ferc FeTH I'xrp FaDA e
Igrc / —0.124 £ 0.077 —0.102 + 0.044 —0.059 + 0.056 —0.077 £ 0.067
leTH —0.044 £ 0.077 / —0.145 + 0.056 —0.074 £ 0.073 —0.103 £ 0.073
I'xrp 0.009 £ 0.044 0.017 £ 0.056 / 0.013+0.058 —0.010 £ 0.048
DA —0.002 + 0.056 —0.020 £ 0.073 —0.116 + 0.058 / —0.041 £ 0.058
fire 0.048 £ 0.067 —0.006 £ 0.073 —0.098 + 0.048 —0.010 £ 0.059 /

e 1) BEKTN90%: 2) WEEHEA ZENFEXR,

NT TRREAFEAR R T, 0% 5 M AR RO R 2 R A8 G B EO IR aT 729 40,
I G2 QR 8 B B T E TR AT — IR SR e b, 532 5 fis . NRFRTLAE i, BG40k )5
st M m AR SR R R4 T2k, 40 BTC 5 ADA. LTC LUK ETH 5 LTC Z [ ARFEAE 2 i R
KA, MERMERTZEPFERERREE REDRN. Fit, HERESBEZ mPFERERERE—2
RIFEE .
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Figure 3 Information flow diagram of the causal relationship be-
tween the five cryptocurrency yields
3 AMmESEHWEERZ BERXAEERE

Table 5. The absolute information flow rate between the five cryptocurrency yields in the first 729 days
2 5. IRENAY 729 REFMEZ I E R Z [BRYEHERRENEER

Ierc TeTH I'xrp TaDA e
Ierc / 0.101 +£0.088 —0.100 £ 0.059 —0.0290 + 0.068 —0.044 £ 0.075
Teth —0.047 £ 0.088 / —0.196 £ 0.076 —0.089 + 0.086 —0.077 £ 0.082
I'xrp 0.052 +£0.076 0.020 £ 0.059 / 0.044 +0.085 —0.007 = 0.060
IADA —0.001 £ 0.068 —0.023 £ 0.086 —0.175 £ 0.084 / —0.015 £ 0.069
e 0.041 +0.075 0.016 +0.082 —0.074 £ 0.060 0.011 +0.069 /

E: 1) BEKRT990%; 2) BEEREPHARENERRR.

4, 4Eig

BRI REA RER AR B 2 (M AEEA S, AREIE A B 2 MFAER R KR, MR
TR AR R R AR SRR, NS TR MESAERRELR, &
RETF LM MBRIR . TR IR R OC R e BT AU AT AW - 2 (R R SR G R, ] DO AR &2 1]
R K R /NT R . RIRFERXRERESNLEREH: BTC a2 ETH. XPR. ADA.
LTC U 25 R AR R Rl . ETH W28 R 2515 XPR. ADA. LTC W2 EAL 5 . ADA Y25 %A1 LTC
g 2 e 51 T XPR W s 288 I 5 R« B A B B 1 R A, AR B2 RN R SR OG R AT RE 2 R AR AR Ak TR,
AT DO BOR S A SABAE AT 7 b, BESE VS 2B 00 T AN 55 M2 R R SR OG R . R oE s AT SEMohn 25 T2
MABERE, FTLAS % HAd NS 0 M Ay, DMERMAEERE . BAmMEARmmERmER.

HAT, BEARLUHRE A nEs 08 MR T ok 2 1 4 &Ry AR, (R HENE 2= S FE
EREIG. Rk, @S5 3 S E R AR E ], BERE, AEMN, FNEES —E ik
AR ER, g A SRS TR 1. S IEET IR E IR M i R I, GRS,
MABIRAT AR AL, R U AR B M 7 2 4
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