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Fig. 1. Bitcoin vs. S&P 500: Volatility divergence over a decade (2015-2025).
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BAT AR, R SRS R BF WMIEMCCR, ZHMIEELD Lk, MO8k 7 R X
EER . —LUi TN SR, JCHOZR RS, R AT TEREER: TR (Bouri et al., 2017; Diaz-
Maganini et al., 2021; Shahzad et al., 2019). [FIN}, WA SCHRIEH, ELHE T IS SUIAEAR
6] T 37 RIS [F) W8 72 2R 2 [ A7 AE S 3% 72 5% (Shahzad et al., 2019; Urquhart and Zhang, 2019).

e B EURFAE 2025 A0 0% B8 AT WS 1 — RAUARIRECE, ALF-HISS T Lok M 5 3G A
FRRAE. X —A84k, INZ WU B EENE R Ml iS SEAR RS, EEER T 2.0 MK
SRIASET, S o A LR T RS M (R R AR IC N 2, b B R R v 5

BT RRE S, ASCBESSERFIY 2. 0 RHRBORA BT, LRy ik R R ) G 7
AT SN LB, 75 CA X TRUFBERAHEE (EPUY X HUR s ma i 7t i 5L al it — 54k
J& (Demir et al., 2018; Fang et al., 2019). ib4b, @51 NSRS BGE T 75, K
(RE A e R a7 2 S B 1 o 1 i ek R d e N T DAL N N T A )
SRR ERAE AT R AR A T T IS BAESE (Bouri, Jalkh, et al., 2017; Bouri, Molnar,
et al., 2017; Filon and Mishra, 2023; Jia et al., 2023; Pastén-Henriquez et al., 2025;
Shahzad et al., 2019; Wang et al., 2025). [K, ASCHE 5 #8258 476 A [F fE LA 1
(I8 R R, T OGTERR B 2. 0 B A b 10 30 R A1E PO 22

BRI S, ASCEI T =AW bR B, @ISR — RO R R BOE 7% (Barunik
and Kiehlik, 2018) LA ZMi% Granger IRARL: (Troster, 2018), ASCIEAN[FINS RIARZL4ERE
Sy R TR TR o MBI 1 T AR I0AIE i, 3 LR T3 F B Th R A FE AR 58 1548 T oz, AT AR 78 9
WiE 7AW (Bouri, Gupta, et al., 2017; Corbet et al., 2018; Diaz-Maganini et al.
2021; Dyhrberg, 2016b; Jia et al., 2023; Pastén-Henriquez et al., 2025; Wang et al.,
20250, FK, AT, (ERRE 2.0 207, HARE M5 EHRI A U1 BERRAE, (HE A
FER A T, UM H “ RS FAFE SRR R LB AT SR b di . RAE L, 2k
IS J R PR A UL A1) 50 S A (R R R AR o R, IR R B3R 2. 0 I S 1R SEIE S5 SR 5 Il et 34
BEAT LG, ASCHE— B3R R T HRe 5 B8 2 VR LR T O, DL R EU AR T R J 4 T e B I
gtk

=\ XEkGk

(—) EFmE®RE
P KM LK — B Rt SR rP AT T iou 78 23 « B 2 A AT I8 587 (Baur and McDermott,

2010; He et al., 2018; Jia et al., 2023; Shahzad et al., 2019)., HTEMEME. EF0fk



RFAE AR A, Lo T B0 5 B AT AR RUR I, IR “HBr 4.

WA RIS ATHLH A R, PURE A2 T S 3 B AR, AR S A IR 25
ORI OB DA RBURS IR A0 B T8 L 55 5 T (Selgin, 2015; Selmi et al.,
2018; Shahzad et al., 2019). Dyhrberg (2016a) f§Hi, 4% M58 42 [ AEAE & T-45 M AR
A, RUILRE T AR A& —E Xt g 71, IFE RS T AR . &, Corbet et al.
(2018) KRIL, LLkrmrERE) 2 R SR E TS EIIE RS, KRG Z 0 R E
R RO RE ST AL T, B8 B RRER R Bt A% G 2 S 1) “ R IEHS (£light—to-quality)”
FFAE o
(Z) tEFFmasRG B

REFFRIT T HORE 2 75 BB R AR RER B~ (R o MBS A BERE ,  EUARF R I BT W R AE
F 2%t BEAT xRk & A I ORHA SE VE S S AE B (Bouri, Gupta, et al., 2017; Dyhrberg, 2016b;
Wang et al., 2019). SEUEWFFCARRN, I 0% H——JuH 2 HRr ——7E R L 1 55 N AT il o v
FEMBERY %57 (Bouri, Gupta, et al., 2017; Bouri, Molndr, et al., 2017; Diaz-Maganini et
al., 2021; Dyhrberg, 2016b; Shahzad et al., 2019; Wang et al., 2019). HJERET, %
B MAEAR KARFE B T G IRl i i 17, BRILEUD BHRE T RGMmdiZ T (Dyhrberg,
2016a).

SR, DA SCHR B 7R T O 1T 38 [ 47 9 76 AN 5 17 4 #0577 28 ) 22 T80 A7 76 2 35 1 e B vk o
Shahzad et al. (2019) F&H, FHX T RERBEEREL HORS MR I 0SS ORER R 1k, HOX —4F
AEAE AR T I AH X M3 AW & . Urquhart and Zhang (2019) #— 0 KBL, £ 15305
I, BURE ARSI TG H b v RO S5 R A R AR, TR oAt SR BB T RS AR Th e

AR, FHROE TR ¥ e e el LIB S, B BB A S . KEP iR, X
I3, B T R AN 2 3% 1 A B R HE B R B = I /E A (Enilov and Mishra, 2023; Pastén—
Henriquez et al., 2025). Enilov and Mishra(2023) 5&i 7 7N [0 %5 57 o 2 [R5k f6: Ja 1k A7 1 ()
5, 1M Pastén-Henriquez et al. (2025) WIHEH, I 55 7= 1)k R 57 25 i P M T AR 2 2L
BEAh, Wang et al. (2025) i — B4R T EUG R BUE AR, R, RS RIE, Tt
GIEREINE BT, AR BEAE Sk B SRR T4 vh R S R FERE R 92 7= (VR
(=) BERFN

BEE TR RN 2.0 BRHR” IBIR, BUSRANH 8 PNt Loy AR AE ) B2 i B 0K 5| R 2 L OGTE
BEA TSI, S BURAENE (EPU) B B2 5ma KoR 1 i 1% (Shahzad et al., 2017;

Yin and Han, 2014). &% (loannidis and Ka, 2021) LA Ft4EM (Demir et al., 2018),
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1M IR B B — e RE S b B XS v JR SRt Ut — D IRt T IEdE, RUIEIKBORAHE S
SN LR TS Bk ER T 37 LR OROR T i (K e st (Fang et al., 2019).
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A SIS IE PERF ST AR DG STk, AR SRS AT X AR 4y D B B B4 0 & U
SiB . BEA W EE AR5 5 BUH LR —A A UL ESRIX o R AR o B — 10
B, FENELFHELA LR T 7 X 24 NINRE 5 5 e FERENLIE FOARRAE , A SCHE— B dlifl 7 R RE, R
H=AMEXE: 1-3M5H 4-T M5 HU LR 7N 5 H .

MEGEE LR, 1 -3 HARE B 762 B B A8 5 FAT St 26 3 SR sl 4 - 7 HAR
BOx R—ANSE 5y ), AEZIIE) P9, AL I8 5 K TR 3 (R S R AR R Bl B, B T S e T
FER A U e 1 B S P9 AT Bt A AT R R, LS b B 7 AN 5
H AR B R A K IEh A, TEIZ4EIE T, HURe i ioAT o H 25 32 32 WA Br S BUR A I K E) .
(—) BEEREELE

F 1 GERRPEAFEAN (2016 43 H 17 H—202545 H 9 H) N, AFRARX A HEET .
PRAF 500 FREL. B4, SEME 10 AEIIE 6 LA SE ToHa B 18] KUK B B . ARFEER 1 “From”
febr, WAL PRI S, HoRe MAE T B 7= hR Z 1 UK AG: AHEEZ R, B4R
WK P T U o X R, LURE S AT 3 RS PR, AR A% 2252 1 B U s Rl AT
A OPBAEE T Rl AT IR, MRS TR A — e AR PR . TR 1 R “To” 48
b, EUIRE TR [RIRE R BN BT W 7= v IR i R P B AR I 7=, 1T o 4 DO LA 5 o P DX v S

Table 1
Risk connectedness among various assets across different frequency domains.

Frequency Bitcoin S&P500 Gold DGS10 DTWE To

High_Freq Bitcoin 31.50 0.93 0.12 0.17 0.16 1.38

High Freq S&P500 0.22 40.37 0.54 0.75 0.26 1.78

High Freq Gold 0.14 0.86 35.94 1.54 0.19 2.74

High Freq DGS10 0.09 1.76 0.75 30.72 0.22 2.82

High Freq DTWE 0.05 2.38 0.22 0.69 30.12 3.34
From 0.50 5.93 1.63 3.16 0.84 12.06
Net 0.88 —4.15 1.11 —-0.34 2.50

Mid Freq Bitcoin 35.92 0.05 0.06 0.16 0.12 0.39

Mid Freq S&P500 0.11 30.14 0.27 0.67 0.07 112

Mid_Freq Gold 0.41 0.51 30.73 1.74 0.11 2.77

Mid Freq DGS10 0.17 0.42 1.73 37.99 0.27 2.59

Mid Freq DTWE 0.24 1.09 0.18 0.74 34.44 2.24
From 0.93 2.06 2.24 3.31 0.57 9.11
Net —0.53 —-0.95 0.53 -0.72 1.67

Low_Freq Bitcoin 30.41 0.02 0.11 0.20 0.07 0.40

Low_Freq S&P500 0.29 25.79 0.03 0.37 0.12 0.80

Low Freq Gold 0.11 0.50 26.04 1.15 0.02 1.78

Low Freq DGS10 0.14 1.02 0.38 24.15 0.18 1.73

Low _Freq DTWE 0.03 1.77 0.22 0.54 27.30 2.56
From 0.56 3.31 0.74 2.26 0.39 7.27
Net -0.17 —2.51 1.04 —-0.54 217

Note: The column "From" presents the spillover effects taken by a particularindex from all other indexes. The row "To"shows the total spillover effects
given by a particular index to all other indexes. The row "Net" indicates whether a particular index is a net receiver (negative value) or net contributor
(positive value) of spillovers.

BARITE, RN, LUR TS s eSO R s (“Net ” $RFs V1D . e R 5 KA,
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AT RE A RS R a0 R, S8 AE PP U1 RS A AT R XRG4 B 3, X R WL RE G I 1oL 7 Mot
B KSR GERE B B AR E » X — 45 R AT BRI T 8 AR S A UG X L) B 22 5 BRI
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(Z) $5E3E 2. 0 BT AU XU R 15 32
NFEERFIE 2. 0 IRHACAS R 517 8] KU A% G50 R IARAE, ARSCR 2025 4 1 A 1 H—2025 4 5
A9 HIFEAR XA, BFest REoR, FFEAE 2. 0 I I AR Yo R A2 T BBk, 3% 2 R,
FERIAEE B, RS AR B35 BT, S Qe A B 240. 34, IXFERE, ERFIIRE 2. 0 MK,
KB BUHR S MG B s O BUR L B 0, X AR P RRIE TR S B TR R S DA K 52
5 EBCR A E M BT, TS T E R R st . SRR, KRR 2. 0 W SEE
SR B MBOR, BEBUCE T ARSNGB T # RS 5 &% ORI A, HEZh K& T a i AN B2
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Table 2
Risk connectedness among various assets during the Trump 2.0 period.

Frequency Bitcoin S&P500 Gold DGS10 DTWE To

High_Freq Bitcoin 1.22 0.00 0.00 0.00 0.00 0.01

High_Freq S&P500 0.00 0.69 0.07 0.00 0.03 0.10

High_Freq Gold 0.00 0.02 0.01 0.00 0.03 0.05

High Freq DGS10 0.00 0.00 0.05 1.16 0.01 0.06

High Freq DTWE 0.00 0.02 0.12 0.00 0.71 0.15
From 0.00 0.04 0.24 0.00 0.07 0.36
Net 0.00 0.06 -0.19 0.06 0.08

Mid Freq Bitcoin 3.02 0.00 0.00 0.01 0.01 0.03

Mid Freq S&P500 0.00 1.71 018 0.01 0.06 0.25

Mid Freq Gold 0.00 0.05 0.02 0.00 0.07 0.13

Mid Freq DGS10 0.01 0.03 0.12 2.89 0.02 0.19

Mid Freq DTWE 0.00 0.06 0.31 0.00 1.77 0.36
From 0.01 0.14 0.61 0.02 0.18 0.95
Net 0.01 0.11 —0.48 0.17 0.19

Low_Freq Bitcoin 69.86 1.72 4.82 7.07 12.26 25.86

Low_Freq S&P500 2.47 34.24 43.22 4.73 12.61 63.02

Low_Freq Gold 0.08 13.03 7247 0.28 13.94 27.33

Low Freq DGS10 7.12 15.30 26.99 41.89 4.40 53.80

Low Freq DTWE 0.17 11.71 58.09 0.35 26.68 70.33
From 9.83 41.76 133.11 12.43 43.22 240.34
Net 16.04 21.26 —105.79 41.38 27.11

Note: refer to notes in Table 1.
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DA EVOA AT R B 500, Il MR B KU B B . AR B, RSN HRIATR
IR HERE T, BRI MRS, X RIS Sy A SR 50 A S A (A%, WU
o (R B B e

MEEMAE, FREE 2. 0 HIULEBGE MR A SR BT, DL AR 1T 1) JF A B 77 A 0 L XU
Wi, RUINE LM O AR — AR IR R o 20 o 5 AR Gk XUR: 057 B 1k 4
ALERE ety SR iR AN 4% 2K RIE -
(=) e mEREMELEM

NHE— IRV HORE T 5 B G 1 “ERS ™ JE 1, SO A (2015 42 3 H 18 H—2025 42 5 A



9 HD B 73 A1 % Granger RIS (QGC), LA Hr AFI B X bR 500 Fig BAE AR L 8CIR S T (52
Wio SAARE, SIEREL MR MAERERR T (e el 2022 SEREAARAT (8] P 51 A i i
JENL) R E R 1k

.f II'- [ I':I :

B oam aa i

i
= H “n . :1,; t
medium-term 1 )
i i
g I I

long-term 3

= I '
an ; - . . “u

N M

i ;

2 .‘l. il e

goen on [N

presents the QGC test staristics using tvalues, as under the null hypothesis of no Granger
causality, the standardized coefficients asymptotically follow a standard normal distribution (Troster, 2018). Significance Is determined by comparing the absolute values of tstatistics with critical
thresholds: at the 5 % significance level, [t] > 1.96 indicates rejection of the null hypothesis; at the 1 % significance level, |t] > 2,58 indicates rejection of the null hypothesis, in which case Granger
causality exists. The colors of the heatmap reflect both the direction (blue: negative; red: positive) and strength of the causal relationships.
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Fig. 2. Quantile Granger coefficients among various assets across different frequency domains. Note: This
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Fig. 4. Quantile Granger coefficients among various assets in
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10 Granger causality, the standardized coefiicients asymptotically follow a swndard normal ion (Teoster, 2018), is by comparing the testatistics with
critical thresholds: at the 5 % significance level, |t| > 1.96 indicates rejection of the null hypothesis: at the 1 % significance level, |1| > 2.58 indicates rejection of the null hypothesis, in which case
(Granger causality exists. The colors of the heatmap reflect both the direction (blue: negative; red: positive) and strength of the causal relationships.
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Fig. 5. Quantile Granger coefficients among various assets in 2022 (January 1, 2022-December 31, 20232). Note: refer o notes in Fig. 2.
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Fig. 3. Quantile Granger coefficients among various assets during the Trump 2.0 period. Note: refer to notes in Fig 2.
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