APPENDIX

Financial Stress Shocks and Digital Asset Performance Across Market Conditions

Appendix A. Additional Methodological Details 
Rolling Window Wavelet Quantile Granger Causality (RWWQGC)
The conventional Granger causality test is based on a VAR(p) model:

					(A1)	
where:





, , is the optimal lag length selected using Akaike Information Criterion (AIC). Let  denote the FSI, and  represent digital asset returns.
The null hypothesis of no Granger causality from FSI to digital assets is:


Wavelet Decomposition 
To distinguish short-, medium-, and long-run dynamics, the return series is decomposed using the Maximal Overlapping Discrete Wavelet Transform (MODWT) following Percival and Walden (2000). Each series can be represented as:

				(A2)	



where:  denotes the detail component at frequency level ,  represents the smooth (long-run) component. The decomposition allows us to isolate cyclical movements corresponding to different time horizons.
Quantile Granger Causality
The quantile regression model can be written as:

		(A3)		



where:  is the conditional -quantile, ,  captures the effect of FSI at quantile .

The null hypothesis becomes: 
We consider:
· 
 (bearish market)
· 
 (normal market)
· 
(bullish market)
The RWWQGC Specification
Combining rolling windows, wavelet decomposition, and quantile regression, the RWWQGC model is specified as:

		(A4)
where:
· 
 denotes overlapping rolling windows
· 
 represents wavelet decomposition levels
· 
 is the conditional quantile
· 
 indicates the frequency component
· 

A potential concern in empirical design relates to endogeneity, arising from the possibility of simultaneous determination between FSI and digital asset returns. The RWWQGC framework partially mitigates this issue by construction, as Granger causality tests evaluate whether lagged values of one variable contain predictive information for the current value of another, thereby establishing temporal precedence rather than contemporaneous simultaneity (Granger, 1969). Furthermore, by testing causality in both directions (FSI → Digital Asset and Digital Asset → FSI), the framework accounts for bidirectional relationships without imposing priori exogeneity restrictions. As an additional robustness measure, the QQR model is estimated independently and serves as a cross-validation tool. The consistency of results across both specifications reduces the likelihood that endogeneity-driven bias is driving the findings. 
Quantile-on-Quantile Regression (QQR)
This study further employs QQR proposed by Sim and Zhou (2015). Unlike conventional quantile regression, which estimates the impact of an explanatory variable on different quantiles of the dependent variable, QQR examines how specific quantiles of the independent variable affect corresponding quantiles of the dependent variable. The method has been widely applied in financial economics to uncover asymmetric risk spillovers and nonlinear dependence structures that may be obscured in mean-based or single-quantile frameworks (Sim & Zhou, 2015). 

Appendix B. Supplementary Descriptive Statistics
Table B1 shows the descriptive statistics for FSI, BTC, LINK, and MANA during the sample period. We can observe that FSI has a negative mean while the selected digital assets exhibit a positive means, which indicates that tranquil financial conditions dominate the sample period. 
Table B1. Descriptive statistics
	
	FSI
	BTC
	LINK
	MANA

	Mean
	-1.422034
	0.000863
	0.001415
	0.000069

	Median
	-1.796000
	0.000675
	0.001103
	0.000405

	Maximum
	10.26600
	0.203046
	0.480615
	0.778518

	Minimum
	-4.364000
	-0.464730
	-0.614577
	-0.640850

	Std. Dev.
	1.958891
	0.040879
	0.070879
	0.077394

	Skewness
	1.724050
	-0.924687
	-0.202328
	0.387735

	Kurtosis
	8.195428
	14.75084
	10.43111
	16.74444

	Jarque-Bera
	3314.679***
	12063.07***
	4721.581***
	16155.81***

	ADF
	-4.197297***
	-46.92430***
	-46.55835***
	-46.56182***


               Note: *** presents significance level at 1%
In terms of volatility, FSI displays significant fluctuations, reflecting episodes of severe financial stress. In addition, LINK and MANA suggest considerably higher standard deviations than BTC, meaning greater price variability in DeFi and NFT markets. All the time series have excessive kurtosis, suggesting fat-tailed distributions and an elevated likelihood of extreme outcomes. These properties are affirmed by the Jarque–Bera test statistics, which strongly reject the null hypothesis of normality for all variables at the 1% significance level. Finally, the Augmented Dickey–Fuller (ADF) tests reveal that the FSI and all digital asset returns are stationary at 1% significance levels, which validates the use of causality-oriented econometric techniques and supports the reliability of subsequent time-varying and quantile-based analyses.
Table B2. Nonlinearity BDS test
	Variables
	Dimensions

	
	m=2
	m=3
	m=4
	m=5
	m=6
	Result

	FSI
	0.190193***
	0.322306***
	0.412767***
	0.473739***
	0.514018***
	Nonlinear

	BTC
	0.011716***
	0.024728***
	0.034641***
	0.040674***
	0.042951***
	Nonlinear

	LINK
	0.013841***
	0.02938***
	0.040898***
	0.046501***
	0.048852***
	Nonlinear

	MANA
	0.024229***
	0.042919***
	0.053638***
	0.058595***
	0.059431***
	Nonlinear


Note: *** presents significance level at 1%
The Brock–Dechert–Scheinkman (BDS) test is applied to all variables across embedding dimensions ranging from 2 to 6 (Brock et al., 1996) to assess the presence of nonlinear dependence. The null hypothesis of independently and identically distributed (i.i.d.) observations is rejected for FSI, BTC, LINK, and MANA at the 1% significance level across all dimensions (Table B2). These findings are consistent with the non-normal and fat-tailed characteristics reported in Table B1 and provide empirical support for employing the RWWQGC and QQR frameworks, which are specifically designed to capture nonlinear, asymmetric, and tail-dependent relationships that conventional linear models may fail to detect.
Figure B1 presents the Q–Q plots for the variables of interest. The plots exhibit pronounced deviations from the reference line, particularly in the upper and lower tails, indicating significant departures from normality. The presence of heavy tails and asymmetric behavior is evident for LINK and MANA, suggesting heightened tail risk in the DeFi and NFT markets. Overall, the Q–Q plots confirm the non-normal, fat-tailed nature of the data, justifying the application of quantile-based and nonlinear econometric techniques in the subsequent analysis.
	

	


	

	


	Figure B1. Q-Q plots




The heatmap of the linear correlation matrix between FSI and the returns of BTC, LINK, and MANA is illustrated in Figure B2. Overall, the correlations are somewhat low, indicating limited linear dependence between financial stress and digital asset returns. The weak correlations between BTC and both LINK and MANA reveal a degree of market segmentation across the cryptocurrency, DeFi, and NFT sectors. These findings motivate the application of advanced causality frameworks that account for non-linearities to better capture the complex nexus between these variables.
[image: A screenshot of a graph

AI-generated content may be incorrect.]
Figure B2. Heatmap linear correlation matrix







Appendix C
Figure C illustrates the robustness check of the RWWQGC framework under alternative rolling-window lengths.
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Figure C.  Robustness Analysis of the RWWQGC Results Using Alternative Rolling-Window Lengths
Note: The left panel reports the RWWQGC estimates based on a 200-observation rolling window, while the right panel presents the corresponding results using a 300-observation rolling window. The baseline specification reported in the main text employs a 250-observation rolling window. The overall causal patterns remain qualitatively similar across specifications, indicating that the principal findings are robust to alternative rolling-window choices.
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RWWQGC: FSI - MANA, (T = 0.05)
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