
Introduction

In the past years, the rapid economic development 
in China has been accompanied with huge energy 
consumption, leading to the sharp increase in carbon 
dioxide emissions, which has put much pressure on 
green transformation and upgrading. The effective way 
for low-carbon production system construction requires 

that most of the remaining fossil resources should 
be kept underground. Since the promotion of energy 
production and consumption revolution firstly proposed, 
many policies and plans in energy consumption, energy 
supply, energy technology and system revolution 
followed. The Action Plan for Carbon Peak before 2030 
also clearly proposes the guiding principle of “promoting 
economic and social development based on efficient 
energy utilization and low-carbon development”. While, 
in the era of Industry 2.0, how to unleash the potential of 
sustainable low-carbon development depends on the use 
of information and communication technologies (ICT).
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Abstract

Intelligence relieving energy consumption and economic growth nexus is important for green 
development. To explore the potential power for sustainability, this paper uses entropy weight method to 
measure the intelligent level, adopts decoupling indicator between energy consumption and economic 
growth for green growth performance, and builds a spatial model to diagnose the mechanism of 
decoupling system. The results show that the achievements of intelligent development in the three regions 
are remarkable, and the intelligent level in the eastern region is the most prominent of all. Regardless 
of regional differences, intelligence is the main and stable driver deepening decoupling indicator; 
Notable pushing-out or pushing-in spilling power on regional decoupling through many channels can be 
identified, namely urbanization, income and FDI. Clean energy can help promote the driving effects of 
intelligence on decoupling and is not confined by regions. The fierce green competition race in the form 
of "anti-typicality" mode exists in various regions, especially in the Western region; only in the Middle 
region, the intelligent spatial spillover effect can form the driving force for decoupling. Accelerating the 
intelligent development and the application of clean energy is an effective measure to achieve the green 
environmental targets.
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The information revolution has largely changed 
the growth mode and continuously improved energy 
efficiency. Intelligent manufacturing creates the so-
called “digital twins” by monitoring physical processes, 
using advanced information and manufacturing 
technologies, and makes intelligent decisions through 
real-time communication and cooperation with people, 
machines, sensors, etc. [1]. The enterprises can focus 
on energy-saving transformation, introduction of low-
carbon intermediate products and investment in pollution 
control. Internet usage is playing an increasingly 
important role in fostering new dynamics of economic 
development, stimulating consumption, and enhancing 
innovation capacity [2]. As one of the countries with the 
most complete manufacturing system in the world, the 
number of used industrial robots in China has ranked 
first [3]. The cost reduction of technologies, robots 
and other things related to intelligent manufacturing 
can help obtain international competition instead of 
“demographic dividend” [4]. During the COVID-19, 
intelligent and digitization industries have become hot 
spots and are regarded as the source of comparative 
strengths in the new era. A series of policies have 
been issued, such as discount interest on technical 
transformation loans, relocation subsidies, employee 
resettlement subsidies, accelerated depreciation and 
investment by industrial guidance funds, encouraging 
enterprises to carry out digital transformation [5]. In 
April 2020, the “Implementation Plan for Promoting 
the Action of ‘Using Digital Wealth and Intelligence 
to Cloud’ to Cultivate New Economic Development” 
was released, to stimulate digital vitality, promote 
the integration of information, data, and intelligence, 
and achieve efficient operation. Can intelligent 
development attain economic growth and control energy 
consumption? What are the effects of intelligence 
on economic growth and energy consumption 
simultaneously? Whether intelligent development  
will be activated to achieve sustainable development, 
and how to stimulate the potential of intelligence, have 
become the key to solving environmental problems at 
present. So, around the above issues, the contributions 
of this article are as follows: construct a spatial model 
to sort out the exogenous spillover effects from the 
neighboring regions, measure the intelligent level 
in different regions to capture differences, discuss 
the direct eco-friendly benefits and economic gains 
of intelligent development by analyzing its impact 
on decoupling, and explore the eco-friendly path  
for sustainable development through improving 
intelligence. 

This paper is organized as follows: Section 2, 
presents the literature review and theory hypothesis; 
Section 3 describes the variable selection, data source 
and constructs a spatial model; Section 4 analyzes 
the empirical results and makes some discussion, and 
Section 5 gives the specific conclusions and proposes 
some suggestions.

Literature Review 

The extant research mainly discusses the economic 
and social welfare of intelligent development 
performance. Heckman et al. [6] and Hanson et al. 
[7] found that intelligent manufacturing significantly 
improved the financial and innovation performance 
of the enterprises, especially the economic growth; 
Mun et al. [8] found that the Internet has significantly 
improved the labor productivity and sales growth rate 
of manufacturing industry; Winroth [9] argued that the 
industrial output increased by 0.37% with the extensive 
use of robots in 17 countries. The vigorous development 
of intelligent manufacturing has incredibly promoted 
a large number of advanced business models and new 
industries, which in turn continuously injected fresh 
vitality into manufacturing industry [10]. Bai et al. [11] 
showed that the development of the digital economy 
has promoted economic efficiency but also transformed 
economic structures. As to social benefits, intelligent 
development brought much, such as employment and 
wages in the labor market. Intelligence creates the 
“destructive effect” on low skilled labor and the “creative 
effect” on high skilled labor [12], of which the knowledge, 
skills and creativity are the important sources to promote 
the technological innovation, value creation, energy 
conservation and emission reduction [13]. 

Environmental welfare of intelligence is usually 
indirectly discussed through exploring the additional 
gains from economic, social sides or directly through 
efficiency improvement and carbon reduction. Jabbour 
et al. [14] showed that with the automotive production 
and use of electronics and information technology, 
Industry 4.0 benefits environmentally-sustainable 
manufacturing and leans towards green products. 
Significant improvement in energy efficiency is also 
the result of intelligent development [15]. Higon D.A. 
[16] argued ICT is among the sources contributing 
to the increasing levels of CO2 emissions in terms of 
production of ICT machinery and devices, energy 
consumption, and recycling of electronic waste. 
Especially, smart city construction significantly reduced 
per capita CO2 emissions [17]. Li et al. [18] showed 
that The digital economy is of great significant for 
carbon emission reduction. Liu et al. [19] indicated that 
intelligent city construction can reduce carbon emissions 
by driving data elements agglomeration and optimizing 
industrial structure, and intelligent government and 
intelligent people’s livelihood policies can improve 
energy efficiency through green technological 
innovation. Most research focuses on the single 
positive environmental benefits brought by intelligent 
development or digital level, with little attention paid to 
both economic and environmental efficiency dividends. 
Decoupling, as an effective indicator to measure 
economic development and energy-saving benefits, has 
once again received attention in the 2030 Agenda for 
Sustainable Development. Decoupling between energy 
consumption and economic growth can be achieved due 
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to technological progress, which has also been identified 
and regarded as results of environmental protection 
struggles in many countries, while fluctuates as the 
normal behavior [20-21]. The research tries to prove the 
feasibility of decoupling and explore the local driving 
factors and paths in an overall system. Neither the local 
spillover effect of the system nor the technical effect, 
income effect or direct impact on decoupling generated 
by intelligence are considered. No further research has 
been conducted on the direct impact or spillover effects 
of intelligence on both economic and energy efficiency. 
Based on this, this article mainly explores both of these 
from intelligent development and also try to identify the 
stimulating effect of regulatory factors.

Theoretical hypothesis

The intelligent devices especially the perception and 
human-computer interaction based on human behavior 
imitation can more closely connect manufacturing 
nodes, and create efficient, innovative service network. 
Therefore, “Complementary effect” and “Substitution 
effect” bring more dividends than “Demographic 
dividend”, improving production efficiency. The so-
called production rebound is caused by the intelligent 
upgrading in the downstream enterprises, which has 
led to an increase in demand for intermediate products 
and raw materials by upstream enterprises. Through 
the collaborative progress of upstream and downstream 
processes, all production and market chains can be 
optimized. The ecological footprints, in most cases, 
reflect human economic activities which can be mediated 
by technology. Intelligent technologies can help manage 
production planning and scheduling, expand capacity 
utilization, and improve energy maintenance and 
supervision [22]. Intelligent manufacturing enables 
all physical processes and information flows to be 
available across the entire manufacturing supply chains, 
multiple industries, and can reduce energy consumption, 
which is conducive to the formation of low-carbon 
production mode to a certain extent [23]. At the same 
time, enterprises will employ more skilled labor under 
advanced intelligence level, who are inclined to use 
energy-saving technologies [24]. While, the initial 
stage of intelligent manufacturing inevitably allows 
enterprises to accumulate machine learning experience 
by running millions of statistical experiments, requiring 
high energy consumption [25]. Since renewable and 
clean energy doesn’t cause carbon emissions, intelligent 
systems, industrial internet platforms, digital intelligent 
manufacturing, and cloud manufacturing can only 
better align with the current green theme when this 
energy is sufficient. Otherwise, the development of 
intelligence will also lead to an overall energy rebound. 
Clean energy can effectively alleviate the long-standing 
conflict between growth and the environment, and 
ensure energy demand in the information, digital, and 
intelligent economy.

hypothesis 1: Intelligent development can promote 
decoupling between economic growth and energy 
consumption by improving economic efficiency and 
energy efficiency, and clean energy plays as a booster 
facilitating the driving effect.

The obvious “return benefit” in economic growth 
shows a wide range of spatial correlations and 
spillovers effects, which will be strengthened through 
the exchange of knowledge, technology and resource 
allocation [26]. Regional energy consumption correlates 
spatially and also constructs a spatial network though 
economic activities. With the help of information 
networks, the flow of digital information can accelerate 
communication between regions or enterprises in 
production supervision and energy monitoring, thereby 
producing better energy-saving effects. As high-quality 
labor shifts from region to region, or from one enterprise 
to another, especially the spillover of energy technology 
and other technologies, professional knowledge and 
technology also spill over [27]. Then, the bidirectional 
spatial network nodes of energy and economy are more 
closely connected.    

hypothesis 2: The decoupling effect between 
economic growth and energy consumption will spread 
between regions through direct or conductive channels, 
and intelligent development can deepen this spatial 
spillover effect.

Material and Methods 

Variables Selection and Data Sources

Decoupling index (Dr) is calculated by the ratio of 
economic growth rate and energy consumption

 
rate, 

using Tapio elastic index based on fixed-base period.  
The intelligent development index (int) consists 
of intelligent devices, intelligent technologies, 
and intelligent applications, measured using the 
entropy method. The total fixed assets investment of 
telecommunications is selected to represent intelligent 
devices, the number of software R&D personnel and 
the telecom income to represent the level of intelligent 
technology, and intelligent applications respectively. 
The system of decoupling is also influenced by 
economic structure, development level and technology 
inflow. The ratio of secondary industry to GDP (ind) is 
chosen for the industrial structure index, and per capita 
income(inc) used to measure the economic development 
level. To avoid the estimation bias, the lagged period is 
selected as a tool for income. The total amount of foreign 
direct investment (FDI), and the proportion of urban 
population (urb) are chosen to represent technological 
inflow and urbanization respectively. The power sector, 
which mainly relies on traditional thermal power 
generation, accounts for a large proportion of the total 
carbon emission sources. Therefore, the power sector 
is the main area that needs to replace fossil fuels with 
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clean energy. The growth rate of power consumption  
is selected to represent clean energy (rew). 

All data of China’s 30 provinces (excluding Tibet) 
from 2005 to 2018 can be obtained from the China 
Information Industry Yearbook, the provincial statistical 
yearbook, the information network of the development 
research center of the State Council, etc. Table 1 shows 
the detailed information of variable data.

                              
Method

To explore the influence of intelligence on 
decoupling, a common regression model, a spatial 
model and a spatial model with interactive terms are 
established. The general regression model with fixed 
individual and time effect is as follows:

Where, Dr represents decoupling index, int for 
intelligence indicator, i and t denotes province and time 
respectively, X is independent variables matrix, and εit 
represents random disturbance term. A spatial model 
with fixed temporal-spatial effect is presented as follows:

Where, wij represents spatial weight matrix, wij Drijt, 
wij intij, wij Xit represent the variables matrix of spatial 
term.

The spatial model with interaction term built by XU 
et al. [28] is used to capture the adjusting effect of the 
regulatory variable. The equation is as follows:
   

Where, R represents the regulator variable; λi denotes 
the fixed individual term, δt for the time fixed term.

Results and Discussion

Spatial Model Selection

As shown in Table 2, LM and RLM of spatial 
lag and spatial error are significant at the 1% level, 
indicating the rationality and effectiveness of the spatial 
models. LR test is performed to verify the temporal and 
spatial fixed effect, and the significant results justify the 
controlling effects. Results of Wald and hausman test 
are significant at the 1% level, indicating that the null 
hypothesis that the Spatial Durbin model (SDM) can 
be simplified into a spatial lag or spatial error model is 
rejected. 

Intelligence and Spatial Spillover Effects

The results of the two models presented in Table 3 
are stable. The coefficients of int in both  models are 
significantly negative, at the 5% level, indicating that 
the higher the level of intelligence is, the smaller the 
decoupling indicator will become, and the deeper the 

Table 1. Descriptive Statistics of the Variables. 

Dr int3 FDI inc ind urb

 Mean 0.702 0.0805 1191.248 22653.87 45.890 53.535

 Maximum 1.978 0.736 19234.65 68033.62 61.5 89.6

 Minimum 0.133 0.0000956 7 7990.15 16.54 26.87

 Std. Dev. 0.303 0.0904 2055.429 10704.76 8.337 13.890

Unit Million Dollar Million Yuan % %

 Observations 420 420 420 420 420 420

Table 2. LM and RLM Tests.

Spatial Statistics Spatial Statistics

LM (lag) 18.398 (0.0000) LM (error) 11.568 (0.0010)

RLM (lag) 15.460 (0.0000) RLM (error) 8.629 (0.0030)

LR (spatial-fixed) 793.556 (0.0000) LR (time-fixed) 49.578 (0.0000)

Wald (lag) 42.343 (0.0000) Wald (error) 49.405 (0.0000)

LR(Lag) 40.505 (0.0000) LR (error) 46.3558 (0.0000)
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coefficient of income spatial term shows that the 
positive effects of income spilled from the neighboring 
is one source of the exogenous force. As known from  
Table 3, both the local FDI and its spillover effects forms 
a negative dragging power on decoupling. The inflow 
of foreign direct investment leads to economic growth 
and an increase in greater energy demand, which is a 
typical phenomenon of sacrificing the environment for 
economic growth.

Most of the driving factors are identified in the local 
decoupling system, and the push-in effects from the 
neighboring regions form the resistance force on local 
positive decoupling, showing that there is competition 
rather than cooperation among regions. Green 
development is unbalanced in the different regions, and 
the local regions compete as economic models instead of 
seeking coexistence. To explore the differences of force 
source on the positive decoupling, a further study on the 
decoupling system in the eastern, central and western 
regions will be done.

Regional heterogeneity

The changing trace of intelligent level in the eastern, 
central and western regions during 2005-2018 has been 
presented in Fig. 1. Overall, the value of int in the 
eastern region is comparatively large, indicating there 
are remarkable achievements of intelligent development. 
As shown in Fig. 1a), the average annual growth rate of 
int in Guangdong, Jiangsu, Zhejiang and Fujian shows 
that intelligent level has increased significantly by 44%, 
24%, 17% and 12% respectively. Guangdong, Jiangsu 
and Beijing in eastern region have higher intelligent 
level than other regions and have entered into the first 

decoupling degree will grow. Intelligent development, as 
a driving factor to the decoupling, is beneficial for green 
economy. However, the coefficient of the int spatial term 
is negative and insignificant, indicating that intelligence 
from the neighboring region can produce the push-in 
force to promote energy conservation in the local region 
if the spatial overflow channel is smooth. The eco-
friendly effects brought by the intelligent development 
in the adjacent regions can spill out in the form of 
demonstration model in the local, and appear as catalysts 
in the decoupling system. however, the imbalance 
between the construction of Information infrastructure 
and the level of economic development, as well as the 
difference in the benefits of intelligent development, 
has greatly hindered the spillover effect between 
regions, which is exactly one of the main reasons 
why the spillover effect of intelligent development is 
not obvious. These verify the hypothesis1, but reject 
part of hypothesis 2, that is, intelligence can promote 
decoupling without spillover effects. In addition to the 
intelligent driving effects on the decoupling system, the 
decoupling force also comes from other regions,such as 
the "pushing in" force through other channels. 

As shown in Table 3, the spatial term coefficient 
of the decoupling indicator is significantly negative, 
suggesting that the exogenous force in the decoupling 
system spilled from other regions is conducive to 
the energy consumption in the local. however, the 
“anti-demonstration” model, as a warning of the 
bad decoupling state in the adjacent region, reveals 
the competition of decoupling race in other regions. 
The implementation of energy-saving measures is 
constrained by industrial structure, regional resources 
and technological level. Some enterprises have moved 
high pollution departments to the areas with relatively 
loose environmental regulations and policies, leading 
to the well-known phenomenon of “pollution paradise” 
within the region. As to other factors, the coefficients 
of industrial structure and urbanization are significantly 
negative, indicating the driving effects on positive 
decoupling. Industrial structure upgrading is not 
only the performance of economic progress, but also 
the achievements of the new mode. The same is true 
for the construction of new urbanization, where the 
improvement of infrastructure and comprehensive 
coverage of public service facilities, as well as the 
significant improvement of the quality of public 
civilians, can greatly benefit the construction of a 
new economic system with high development and low 
energy consumption. While, the positive spatial term 
coefficients of the two variables indicate that the spillover 
effects from the elements of economic system in the 
neighboring regions form the dragging power on local 
decoupling, but can only be successfully transmitted 
through urbanization rather than industrial structure. 
The coefficient of income shows there is insignificantly 
positive impact on decoupling as the relationship 
between income and environment still hangs over the 
upward zone of EKC. And the significantly negative 

Table 3. Regression Results of Models.  

Panel model SDM

Panel-term Panel-term Spatial-term

int -0.1680*
(0.0846)

-0.1570*
(0.0754)

-0.04434
(0.7941)

ind -0.2204***
(0.0027)

-0.1618**
(0.0121)

0.1540
(0.3094)

urb -0.6049***
(0.0000)

-0.9387***
(0.0000)

0.6578**
(0.0153)

inc 0.2824**
(0.0313)

0.1704
(0.1489)

-1.3719***
(0.0000)

FDI 0.06842***
(0.0004)

0.0583***
(0.0005)

0.1213***
(0.0069)

ρ -0.3330***(0.0000)

Logl 434.8489 465.6534

R2 0.9194 0.9321

Individual-
Temporal Fixed

*, **, *** represents tests significant at 10%, 5%, 1% level
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echelon. however, Tianjin, hainan in the last echelon 
have great potential in improving the intelligence 
level. As shown in Fig. 1b), The intelligent level in the 
central provinces has steadily improved slightly, and 
the intelligent indicator in hubei is slightly higher than 
that in other provinces, indicating that it has become 
the leading position in the central region, and should 
continue to promote intelligent transformation to lay 
a good foundation for the intelligent empowerment 
in the central region. In Fig. 1c), intelligent indicators 
in Shaanxi and Sichuan increase by 27.3% and 13.7% 
respectively, a sign of excellent achievement. Chongqing, 
with an average annual growth rate of 25.5%, is also 
a region with good intelligent construction and has 
become a pioneer in the transformation of economic 
structure in the west. The differences in regional 
intelligent development are obvious, not only reflected 
in the development level, but also in the achievements of 
the new economic structure.

As shown in Table 4, compared to the whole, the 
coefficients of int in the three regions are robust and 
significantly negative at 1% level, indicating indicating 
that the driving force of intelligence on decoupling is 
stable and not limited to spatial differences. Intelligent 
development is an important thrust for the construction 
of the high-growth, low-consumption and low-emission 

economic system. The driving role of intelligence in 
the central and western regions is more prominent. 
Specifically, 1% increase in intelligent level will lead to 
2.248% and 1.697% decrease in the decoupling index 
in the western region and central region, respectively. 
The spillover effects of the decoupling and its factors 
in the adjacent regions squeezes into the local region, 
merge as an external hindering force on the positive 
decoupling, and build “demonstration” model warning 
other regions. Except the insignificantly negative effect 
of intelligence on decoupling in the west and east, the 
intelligent development in the central region will spills, 
and become one of the exogenous positive drivers 
of local decoupling. There are certain advantages in 
transportation, science and education, such as the 
transportation capacity of the urban agglomeration 
in the middle reaches of the Yangtze River, and the 
relatively complete industrial chain layout formed by 
surrounding small and medium-sized cities, all of which 
are important reasons for the significant spillover effect 
of intelligence in the central region.

Adjusting Effects Test and Robustness Test

We construct a model with clean energy as the 
adjusting variable to further explore the adjusting 
effect in decoupling drive systems. As shown in Table 
5, the coefficient of clean energy shows that spillover 
effects of clean energy from neighboring region can be  
a driver for local decoupling compared to the negative 
effects brought from the local one. The cross-term 
coefficient of clean energy and intelligent development  
is 1.722 and significant at the 5% level, indicating that 
clean energy will positively strengthen the intelligent 
driving effect on the positive decoupling. The 
corresponding spatial cross-term coefficient is 11.338, 
shows that the spillover effects brought by the wide use 
of clean energy in the other regions become the driving 
force facilitating intelligent pushing effects. Clean 
energy is helpful to inspiring eco-friendly benefits of 
intelligent development. To reduce carbon emissions, 
improving energy efficiency is a measure, and clean 

Fig. 1. Intelligent changing trace. a) intelligence in the east, b) intelligence in the middle, c) intelligence in the western.

Table 4. Estimation Results of different regions.

Variables/
Regions East Middle West

Int -0.1535***
(0.00274)

-1.6970***
(0.0000)

 -2.2479***
(0.0004)

W*Int -0.1408
(0.1398)

-14.0152***
(0.0000)

1.2270
(0.3533)

ρ -0.107**
(0.0291)

-0.1289*
(0.0957)

-0.670***
(0.0000)

LogL 287.910 177.519 179.344

R-squared 0.981 0.975 0.940

*, **, *** represents tests significant at 10%, 5%, 1% level
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energy plays an equal role in the transformation of 
energy structure.

The robustness test shown in the last two columns 
of Table 5 is relatively significant, indicating that the 
adjusting effects of clean energy and driving effects of 
intelligent development on decoupling are stable. The 
driving effects of intelligent development on decoupling 
is significantly positive, while insignificant and 
negative coefficient value of spatial term suggests the 
spilling channels have been hindered. The coefficients 
of interactive terms and spatial interactive terms 
consistent with the above-mentioned results suggest 
that the positive adjusting effects of clean energy can 
be identified not only from the local system but also the 
neighboring regions, which further demonstrates the 
robustness of adjusting force from clean energy. 

Conclusions

To explore the ecological friendliness of intelligent 
development, this paper constructs a spatial model 
with interactive term to discuss the direct influence of 
intelligence on energy and economic efficiency, taking 
into account regional heterogeneity, correlation and 
adjusting factor. The conclusions and suggestions are as 
follows:

Firstly, intelligent development has facilitated 
decoupling, as well as the upgrading of industrial 
structure and urbanization. FDI and income levels are 
factors that trigger adverse changes or even positive 
decoupling instability. One driving factor for decoupling 
is the spatial self overflow effect, which is not constrained 
by regional differences. Each region competes with each 
other in the green transformation competition, with one 
retreating and the other forwarding. however, due to 
the limited transmission caused by regional disparities, 
the spillover effects of certain driving factors are not 
significant. In summary, the intelligent development of 

these three regions has shown stable ecological benefits. 
It is urgent to strengthen intelligent development and 
tap into the potential for decoupling. Narrow intelligent 
gap among regions, stimulate the driving force of 
intelligence, collaborate to build a platform for data and 
information flow, and fully leverage the green benefits 
of intelligent industry.

Secondly, the level of intelligent development in the 
western, central, and eastern regions has significantly 
improved, but the gap is evident, with prominent 
regional heterogeneity. Compared with the other two, 
the intelligence level in the eastern region is relatively 
high, with obvious front-line advantages; In the central 
and western regions, there is still great potential for 
intelligent improvement. Compared to the other two, 
only in the western region, green benefits of intelligent 
development can be spilled across the region and  
form as a driving factor pushing positive decoupling. 
Improve the intelligent level in the eastern region, 
narrow the intelligent gap between the lagged and 
the leading provinces, tap the eco-friendly potential 
of intelligence, and promote high-quality economic 
transformation.

In addition, clean energy can enhance the ecological 
friendly benefits of intelligent development and greatly 
enhance the driving role of intelligence in decoupling. 
The development of clean energy is a symbol of 
consolidating the foundation of intelligent applications, 
and also an effective assistance in solving environmental 
problems and achieving low-carbon emissions in the era 
of data economy. It is efficient to push the intelligent 
transformation of industry, accelerate for the realization 
of sustainable development with excellent economy and 
ecological environment by promoting the intelligent 
construction of clean energy sector, accelerating the 
transformation of smart energy, reducing the cost of 
energy application, and building an energy kinetic pool 
for industrial upgrading.

Table 5. Interactive and Robust Testing Results.

SDM (Int) SDM (Int2)

Ordinary Spatial Ordinary Spatial 

Int -0.2366**
(0.015)

-0.2657
(0.1316)

-0.1802**
(0.0183)

-0.1451
(0.2760)

IntRew 1.7216*
(0.0742)

11.3376***
(0.0000)

1.2883*
(0.0971)

8.6409***
(0.0000)

Rew 0.1523**
(0.0410)

-0.5241***
(0.0071)

0.1676**
(0.0197)

-0.431**
(0.0213)

ρ -0.3700***
(0.0000)

-0.3490***
(0.0000)

Loglikelihood 483.8514 483.2319

spatial -temporal Fixed Fixed

*, **, *** represents tests significant at 10%, 5%, 1% level
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