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The Impact of Digital Economy Development on Marine Fishery Carbon Emission Efficiency: Evidence and Differentiated Policy for Coastal Provinces in China


Table S1 Input-output index system of MFCEE
	Target variable
	Indicator category
	Indicator type
	Indicator description
	References

	Carbon emission efficiency of marine fisheries

	Input indicators
	Labor
	Number of employees engaged in marine fishery

	Li et al. (2018);
Gao and Chen (2024)

	
	
	Capital
	Total engine power of marine fishing vessels
	Chen et al., (2024); Chen et al. (2024)

	
	
	
	Marine fishery capital stock
	Li et al. (2018); Wang and Yuan. (2022)


	
	
	Land
	Area of marine aquaculture

	Wang and Yuan. (2022); Di et al. (2024)

	
	Output indicators
	Desirable output

	Total output value of marine fishery economy
	
Chen et al. (2024); Li et al. (2018)

	
	
	Undesirable output

	Carbon emissions from marine fishery
	Yao et al. (2023); Yang and Zhao. (2024)
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Table S2 Evaluation indicators system for the digital economy development
	Target level
	First indicator
	Second indicator
	Indicator description

	Digital economy 
	Internet development
	The number of Internet practitioners
	Percentage of employees in information transmission, computer services, and software industries


	
	
	Internet penetration rate
	The percentage of subscribers for Internet access through broadband networks

	
	
	Mobile phone penetration rate
	The number of mobile phone services per 100 people


	
	
	Internet output
	Revenue from Telecommunication services per capita


	
	Digital innovation capability
	The level of expenditure on science and technology
	Science and technology expenditure to GDP

	
	Digital finance
	Digital Finance for Inclusive Development
	China Digital Inclusive Finance Index



Table S3 VIF test results
	Variables
	VIF
	1/VIF

	lnDEI
	3.49
	0.286

	lnFS
	2.98
	0.336

	lnED
	3.64
	0.275

	lnSTRU
	2.63
	0.381

	lnER
	1.62
	0.617

	lnTI
	2.19
	0.457

	Open
	2.63
	0.381

	Mean VIF
	2.74
	



Robustness tests: Replacing the dependent variable
	To verify the robustness of the baseline results, net carbon emissions are used as the undesirable output to re-measure MFCEE. As described in the methodology section, net carbon emissions are calculated as total marine fishery carbon emissions minus marine fishery carbon sinks. Unlike total carbon emissions, the net carbon emissions further incorporate the carbon sink function of shellfish and algae mariculture. It thus provides a robust alternative measure for assessing undesirable environmental externalities in the marine fishery production. Based on this alternative dependent variable, this study re-estimates the baseline model by gradually adding control variables. The results are shown in columns (1)-(7) of Table A4. After replacing the dependent variable, the coefficient of lnDEI becomes significantly positive. In the full model shown in column (7), the coefficient of lnDEI remains positive and statistically significant, indicating that the positive effect of digital economy development on MFCEE still holds after replacing the dependent variable.

Table S4 Robustness test result based on replacing the dependent variable
	Variables
	Replace lnMFCEE

	
	(1)
	(2)
	(3)
	(4)
	(5)
	(6)
	(7)

	lnDEI
	1.043
(0.780)
	1.796**
(0.855)
	2.310***
(0.728)
	2.392***
(0.750)
	2.237***
(0.802)
	1.982***
(0.736)
	1.987***
(0.744)

	lnFS
	
	0.608***
(0.145)
	0.489***
(0.155)
	0.510***
(0.152)
	0.511***
(0.150)
	0.502***
(0.146)
	0.532***
(0.168)

	lnED
	
	
	0.635***
(0.201)
	0.609***
(0.206)
	0.575***
(0.203)
	
0.597***
(0.213)
	0.603***
(0.216)

	lnSTRU
	
	
	
	-0.209
(0.365)
	-0.224
(0.362)
	-0.355
(0.361)
	-0.338
(0.373)

	lnER
	
	
	
	
	0.085
(0.092)
	0.070
(0.086)
	0.069
(0.086)

	lnTI
	
	
	
	
	
	0.112***
(0.038)
	0.112***
(0.038)

	Open
	
	
	
	
	
	
	0.017
(0.069)

	Province FE
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	Year FE
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	Observations
	143
	143
	143
	143
	143
	143
	143

	R-squared
	0.826
	0.854
	0.861
	0.862
	0.862
	0.874
	0.879


Note: *, **, *** denote significance at the 10%, 5%, and 1% levels, respectively. The standard errors are in parentheses.

Robustness tests: Alternative measurement of the digital economy index
	To further examine the robustness of the estimation results, the measurement method of the core explanatory variable is changed. Specifically, the entropy-TOPSIS method is used to reconstruct the digital economy development index, which is denoted as lnDEI2. Then, lnDEI2 is used to replace lnDEI in the baseline regression model, control variables are gradually added. The results are presented in Table A5. The results show that the coefficients of lnDEI2 are positive and significant at the 1% level in all columns. This indicates that after changing the measurement method of the core explanatory variable, the positive effect of digital economy development on MFCEE remains significant, further confirming the robustness of the baseline regression results.

Table S5 Robustness test result based on replacing the core explanatory variable.
	Variables
	lnMFCEE

	
	(1)
	(2)
	(3)
	(4)
	(5)
	(6)
	(7)

	lnDEI 2
	0.719***
(0.204)
	0.768***
(0.217)
	0.973***
(0.186)
	1.023***
(0.174)
	1.031***
(0.192)
	0.957***
(0.183)
	0.964***
(0.180)

	lnFS
	
	0.182***
(0.056)
	0.138**
(0.059)
	0.151***
(0.057)
	0.151***
(0.057)
	0.149***
(0.055)
	0.221***
(0.058)

	lnED
	
	
	0.216***
(0.082)
	0.201**
(0.084)
	0.203**
(0.083)
	0.210**
(0.086)
	0.226**
(0.087)

	lnSTRU
	
	
	
	-0.143
(0.147)
	-0.142
(0.148)
	-0.198
(0.148)
	-0.158
(0.149)

	lnER
	
	
	
	
	-0.004
(0.035)
	-0.010
(0.032)
	-0.013
(0.031)

	lnTI
	
	
	
	
	
	0.047***
(0.015)
	0.046***
(0.014)

	Open
	
	
	
	
	
	
	0.042*
(0.025)

	Province FE
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	Year FE
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	Observations
	143
	143
	143
	143
	143
	143
	143

	R-squared
	0.826
	0.854
	0.861
	0.862
	0.862
	0.874
	0.879


Note: *, **, *** denote significance at the 10%, 5%, and 1% levels, respectively. The standard errors are in parentheses.

Endogeneity test: Lagged explanatory variables
Columns (1)-(3) of Table A6 present the results of the lagged explanatory variable approach. Column (1) uses the one-period lagged values of the core explanatory variable and all control variables. Column (2)-(3) use the one-period and two-period lagged terms of core explanatory variables, respectively. The results show that the coefficients of L.lnDEI and L2.lnDEI are all positive and statistically significant, indicating that digital economy development still promotes MFCEE.

Table S6 Endogeneity test: lagged explanatory variable approach
	
	lnMFCEE
	
	

	
	(1)
	(2)
	(3)

	L.lnDEI
	1.157***
(0.365)
	0.965***
(0.304)
	

	L2.lnDEI
	
	
	0.913**
(0.385)

	Controls
	Yes
	Yes
	Yes

	Province FE
	Yes
	Yes
	Yes

	Year FE
	Yes
	Yes
	Yes

	Observations
	132
	132
	121

	R-squared
	0.848
	0.862
	0.860


Note: *, **, *** denote significance at the 10%, 5%, and 1% levels, respectively. The standard errors are in parentheses.

Endogeneity test: Instrumental variables
Column (1)-(2) of Table S7 present the results of the instrumental variable approach. Column (1) reports the first-stage regression results, where the instrumental variable is significantly positively associated with lnDEI, indicating that the instrumental variable satisfies the relevance condition. Column (2) reports the second-stage regression results. The coefficient of lnDEI is 2.294 and significant at the 1% level, suggesting that digital economy development still has a significant positive effect on MFCEE after addressing potential endogeneity. In addition, the Kleibergen-Paap rk LM statistic is 15.919 and significant at the 1% level, rejecting the null hypothesis of “under-identification”. The Kleibergen-Paap rk Wald F statistic is 22.297, which is higher than the Stock-Yogo 10% critical value of 16.38, indicating that the weak instrument problem is not serious. Overall, these test results support the validity of the instrumental variable used in this study.

Table S7 Endogeneity test: instrumental variable approach.
	
	lnDEI
	lnMFCEE

	IV
	0.003***
(0.001)
	

	lnDEI
	
	2.294***
(0.681)

	lnFS
	-0.022
(0.018)
	0.264***
(0.072)

	lnED
	-0.071***
(0.023)
	0.292**
(0.129)

	lnSTRU
	0.067**
(0.032)
	-0.179
(0.162)

	lnER
	0.019*
(0.010)
	-0.036
(0.039)

	lnTI
	0.008
(0.006)
	0.034
(0.021)

	Open
	0.004
(0.006)
	0.048*
(0.028)

	Kleibergen-Paap rk LM statistic
	
	15.919[0.000]

	Kleibergen-Paap rk Wald F statistic
	
	22.297{16.38}

	Controls
	Yes
	Yes

	Province FE
	Yes
	Yes

	Year FE
	Yes
	Yes

	Observations
	132
	132

	R-squared
	0.989
	0.195


Note: *, **, *** denote significance at the 10%, 5%, and 1% levels, respectively. The standard errors are in parentheses.

Suitability test results of spatial econometric model: the LM test for spatial lag is significant at the 5% level, whereas the LM test for spatial error is not significant, suggesting that the evidence for spatial error dependence is relatively weak based on the ordinary LM test. However, both the robust LM test for spatial lag and the robust LM test for spatial error are significant at the 1% level, indicating that significant spatial dependence still exists after controlling for alternative forms of spatial effects. Therefore, it is necessary to further employ spatial econometric models for the empirical analysis. In addition, the LR and Wald tests for spatial lag and spatial error are all significant at the 1% level, rejecting the null hypotheses that the SDM can be simplified into the SAR or SEM model. This indicates that the SDM is more appropriate for this study. The Hausman test is also significant at the 1% level, suggesting that the fixed effects specification should be adopted. Meanwhile, the LR tests for individual and time fixed effects are both significant, indicating that individual and time effects should be controlled simultaneously. Therefore, this study finally adopts the two-way fixed-effects Spatial Durbin Model (SDM) for the empirical analysis

Table S8 LM, LR, Wald and Hausman test
	Test Methods
	Statistical Value 
	P-value

	LM_spatial_lag
	4.206**
	0.040

	LM_spatial_error
	0.611
	0.434

	Robust LM_spatial_lag
	34.986***
	0.000

	Robust LM_spatial_error
	31.391***
	0.000

	LR_spatial_lag
	77.94***
	0.000

	LR_spatial_error
	75.93***
	0.000

	Wald_ spatial_lag
	109.45***
	0.000

	Wald_ spatial_error
	102.97***
	0.000

	Hausman test
	47.25***
	0. 000

	LR test (ind)
	65.25***
	0.000

	LR test (time)
	122.46***
	0.000

	Model Selection
	SDM double-fixed model
	


Note: *, **, *** denote significance at the 10%, 5%, and 1% levels, respectively
