Appendix
Appendix A-1.
Since the default values are all expressed in calorific value units, when accounting carbon emissions, it is necessary to convert the physical quantities of various energy consumption into the corresponding average low-level heat generation according to the default values of net heat generation given in the guidelines. The default values of average low-level heat generation, carbon content per unit calorific value and carbon oxidation rate of various energy sources are shown in S-1 Table. The data of various energy consumption in China Energy Statistical Yearbook are adopted, and the following processing is carried out when using the original data: (1) Since no carbon dioxide emission is produced when electricity and heat are consumed, according to the principle of local emission and local accounting, the other energy species in the energy balance can be used to (2) Among the 8 major categories in the "input and output of process conversion", "thermal power generation" and "heat supply" are the most important aspects of carbon dioxide emissions. emissions, while "coal washing", "coking", "oil refining", "gas production", "natural gas liquefaction", and "natural gas production" are the most important components of carbon dioxide emissions. (2) "Natural gas liquefaction" and "coal products processing" mainly involve physical changes and can be ignored in the calculation; (3) in "end-use energy consumption", " (3) In "end-use energy consumption", the energy consumption of "raw materials and materials" does not produce carbon dioxide, so this part of energy consumption is not calculated.
S-1 Table 
Combustion quality parameters of various energy sources
	Energy Variety
	[bookmark: _Hlk85553516]Average Low Calorific Value/
(KJ/kg or m3)
	Carbon Content Per Unit Calorific Value /(t·TJ-1)
	Carbon Oxidation Rate/％
	Carbon dioxide emissions Coefficient

	Raw Coal
	20908
	26.37
	0.94
	1.9003kg-CO2kg

	Cleaned Coal
	26344
	25.41
	0.98
	2.4054 kg-CO2kg

	Other Washed Coal
	8363-12545
	33.56
	0.98
	1.0085 kg-CO2kg

	Briquettes
	17608
	33.56
	0.90
	1.9500 kg-CO2kg

	Coke
	28435
	29.50
	0.93
	2.8604 kg-CO2kg

	Coke Oven Gas
	16726-17981
	13.58
	0.99
	8.5550 kg-CO2kg

	Other Gas
	5227-35544
	13.58
	0.99
	9.9680 kg-CO2kg

	Other Coking Products
	35891
	29.42
	0.99
	3.8330 kg-CO2kg

	Crude Oil
	41816
	20.10
	0.98
	3.0202 kg-CO2kg

	Gasoline
	43070
	18.90
	0.98
	2.9251 kg-CO2kg

	Kerosene
	43070
	19.50
	0.98
	3.0179 kg-CO2kg

	Diesel Oil
	42652
	20.20
	0.98
	3.0959 kg-CO2kg

	Fuel Oil
	41816
	21.10
	0.98
	3.1705 kg-CO2kg

	LPG
	50179
	17.20
	0.98
	3.1013 kg-CO2kg

	Refinery Gas
	46055
	18.20
	0.98
	3.0119 kg-CO2kg

	Other Petroleum Products
	35162
	20.00
	0.98
	2.5270 kg-CO2kg

	Natural Gas
	38931
	15.32
	0.99
	21.6502 kg-CO2kg

	Other Energy
	29307
	27.75
	0.93-0.98
	2.7730 kg-CO2kg



Appendix A-2.
The energy-intensive industries are electricity, heat production and supply industry, petroleum processing, coking and nuclear fuel processing industry, ferrous metal smelting and rolling processing industry, non-metallic mineral products industry, coal mining and washing industry, chemical raw materials and chemical products manufacturing industry, non-ferrous metal smelting and rolling processing industry, as well as paper production and paper products industry.

Appendix A-3.
Referring to Zhao et al. [S1], the output is the regional real GDP, and the input factors are the capital stock, employment and energy consumption. The indicator of capital stock is gross fixed capital formation, and the actual gross fixed capital formation from 2006 to 2019 is obtained by deflating the fixed asset investment price index which is based on the year of 2005, and account according to the perpetual inventory method, the fixed asset depreciation rate of 9.6%, and the actual gross fixed capital formation in 2006 is taken as the capital stock in 2006, after which the capital stock of the previous year was depreciated and added to the actual total fixed capital formation of the current year as the capital stock of the current year. The energy consumption was calculated by converting the energy used in each region into standard coal through the conversion factors.

[bookmark: _Hlk187350298]Appendix A-4.
The regression results of the baseline model also indicate that digitalization mainly reduces carbon emissions in local area, and the effect in surrounding regions is insignificant. To verify the results, this paper also conducts the spillover effect tests by using the SDM, SAR and SAC model, estimate the coefficient by ordinary least squared method. The results are shown in the Table A-4.  The result in column (1) shows that the overall reducing effect of digitalization on carbon emissions is significant at the 5% level when the SDM is used. The regression result of the SAR model which is shown in column (2) also indicates that digitalization has a significant reductive effect on carbon emissions in the local area, but not significant in surrounding regions. So does the regression result in the column (3) when adopting SAC model. Thus, the digitalization index is significantly negatively correlated with carbon emissions in the local area and has no significant impact on the carbon emissions in surrounding regions, which verifies the result of the baseline regression.
S-4 Table 
Tests of spatial spillover effects of digitalization on carbon emissions
	
	(1)
	(2)
	(3)

	Effect
	SDM
	SAR
	SAC

	Direct
	-0.0733***
	-0.0712***
	-0.0682***

	
	(0.0200)
	(0.0206)
	(0.0198)

	Indirect
	-0.0173
	-0.0126
	-0.0006

	
	(0.0296)
	(0.0111)
	(0.0073)

	Total
	-0.0906**
	-0.0838***
	-0.0689***

	
	(0.0369)
	(0.0271)
	(0.0217)

	Covariables
	Yes
	Yes
	Yes

	Province Effect
	Fixed
	Fixed
	Fixed

	Year Effect
	Fixed
	Fixed
	Fixed

	R-squared
	0.0750
	0.3099
	0.5641



Appendix A-5.
S-5 Table
Tests of serial correlation on the baseline regression
	Lags(p)
	Q(p)-stat
	P-value

	1
	7.63
	0.006

	2
	7.64
	0.022

	3
	13.38
	0.004

	4
	13.54
	0.009

	5
	14.38
	0.013

	6
	15.91
	0.014

	7
	37.05
	0.000

	8
	40.92
	0.000

	9
	41.47
	0.000

	10
	46.09
	0.000

	11
	46.09
	0.000


In order to calculate the serial correlation lag order for the baseline regression, we also perform the serial correlation test in this paper. The null hypothesis of the serial correlation test is that there is no serial correlation up to order p, and the alternative hypothesis is that there is some serial correlation up to order p.
Table A-5 reports the results of the serial correlation tests for the baseline regression. As can be seen from the table, the number of lag periods from 1 to 11, the corresponded to p-values of the Q(p)-stat are all less than 0.1, so we can reject the null hypothesis and conclude that there is serial correlation of lag order 1 to 11. And the larger the lag order, the larger the Q(p)-stat. Therefore, simply using the current neural network (RNN) model will make that the more recent the time, the greater the impact on the output results, thus ignoring the impact of the variables more previous on the variables we need to predict.
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