
�&�V�M�H�K�M�R�K���S�V���[�M�H�I�R�M�R�K���X�L�I���H�M�Z�M�H�I�#���)�\�T�P�S�V�M�R�K���X�L�I���V�S�P�I
�S�J���%�-���X�I�G�L�R�S�P�S�K�]���M�R���7�Q�E�V�X���'�M�X�]���(�I�Z�I�P�S�T�Q�I�R�X
�)ffi�G�M�I�R�G�]���E�R�H���7�T�E�X�M�E�P���X�I�Q�T�S�V�E�P���(�M�Z�I�V�K�I�R�G�I���M�R���'�L�M�R�E
�>�L�S�R�K���*�E�R�K��

�*�Y�N�M�E�R���2�S�V�Q�E�P���9�R�M�Z�I�V�W�M�X�]

�=�M�R�K���'�L�I�R��
�*�Y�N�M�E�R���2�S�V�Q�E�P���9�R�M�Z�I�V�W�M�X�]

�4�I�M�U�M���7�L�M��
�*�Y�N�M�E�R���2�S�V�Q�E�P���9�R�M�Z�I�V�W�M�X�]

�%�V�X�M�G�P�I

�/�I�]�[�S�V�H�W�����7�Q�E�V�X���(�M�Z�M�H�I�����%�-���8�I�G�L�R�S�P�S�K�]�����7�Q�E�V�X���'�M�X�]�����7�T�E�X�M�E�P���X�I�Q�T�S�V�E�P���(�M�Z�I�V�K�I�R�G�I

�4�S�W�X�I�H���(�E�X�I�����3�G�X�S�F�I�V�������X�L������������

�(�3�-�����L�X�X�T�W�������H�S�M���S�V�K���������������������V�W�������V�W���������������������Z��

�0�M�G�I�R�W�I�����q ���O���8�L�M�W���[�S�V�O���M�W���P�M�G�I�R�W�I�H���Y�R�H�I�V���E���'�V�I�E�X�M�Z�I���'�S�Q�Q�S�R�W���%�X�X�V�M�F�Y�X�M�S�R�����������-�R�X�I�V�R�E�X�M�S�R�E�P���0�M�G�I�R�W�I������

�6�I�E�H���*�Y�P�P���0�M�G�I�R�W�I

�%�H�H�M�X�M�S�R�E�P���(�I�G�P�E�V�E�X�M�S�R�W�����2�S���G�S�Q�T�I�X�M�R�K���M�R�X�I�V�I�W�X�W���V�I�T�S�V�X�I�H��

https://doi.org/10.21203/rs.3.rs-11307016/v1
https://doi.org/10.21203/rs.3.rs-11307016/v1
https://doi.org/10.21203/rs.3.rs-11307016/v1
https://creativecommons.org/licenses/by/4.0/


�%�U�L�G�J�L�Q�J�� �R�U�� �Z�L�G�H�Q�L�Q�J�� �W�K�H�� �G�L�Y�L�G�H�"�� �(�[�S�O�R�U�L�Q�J�� �W�K�H�� �U�R�O�H�� �R�I�� �$�,�� �W�H�F�K�Q�R�O�R�J�\�� �L�Q�� �6�P�D�U�W�� �&�L�W�\��
�'�H�Y�H�O�R�S�P�H�Q�W���(�I�I�L�F�L�H�Q�F�\���D�Q�G���6�S�D�W�L�D�O-�W�H�P�S�R�U�D�O���'�L�Y�H�U�J�H�Q�F�H���L�Q���&�K�L�Q�D 
 

���=�K�R�Q�J�� �� �)�D�Q�J 

� � � ��6�F�K�R�R�O���R�I���(�F�R�Q�R�P�L�F�V�����)�X�M�L�D�Q���1�R�U�P�D�O���8�Q�L�Y�H�U�V�L�W�\ 

�)�X�]�K�R�X�����)�X�M�L�D�Q�������������������3���5�����&�K�L�Q�D 

E-�P�D�L�O��� � � ��I�D�]�K�R�Q�J�����#�I�M�Q�X���H�G�X���F�Q 

�<�L�Q�J�� �� �&�K�H�Q 

�6�F�K�R�R�O���R�I���(�F�R�Q�R�P�L�F�V�����)�X�M�L�D�Q���1�R�U�P�D�O���8�Q�L�Y�H�U�V�L�W�\ 

�)�X�]�K�R�X�����)�X�M�L�D�Q�������������������3���5�����&�K�L�Q�D 

E-�P�D�L�O�����T�E�[�����������������#�\�M�V���I�M�Q�X���H�G�X���F�Q 

�3�H�L�T�L���6�K�L 

�6�F�K�R�R�O���R�I���(�F�R�Q�R�P�L�F�V�����)�X�M�L�D�Q���1�R�U�P�D�O���8�Q�L�Y�H�U�V�L�W�\ 

�)�X�]�K�R�X�����)�X�M�L�D�Q�������������������3���5�����&�K�L�Q�D 

�P�D�L�O�����S�D�R�H�U�W�D�Q�J�B���������#�T�T���F�R�P 

�
 �&�R�U�U�H�V�S�R�Q�G�H�Q�F�H�����=�K�R�Q�J���)�D�Q�J���� �� �H�P�D�L�O�����I�D�]�K�R�Q�J�����#�I�M�Q�X���H�G�X���F�Q 

 
�$�E�V�W�U�D�F�W�����7�R�� �D�F�F�X�U�D�W�H�O�\�� �D�V�V�H�V�V�� �W�K�H�� �V�L�J�Q�L�I�L�F�D�Q�F�H�� �R�I�� �$�,�� �L�Q�� �V�P�D�U�W�� �F�L�W�\�� �G�H�Y�H�O�R�S�P�H�Q�W���� �W�K�L�V�� �S�D�S�H�U��
�S�U�R�S�R�V�H�V�� �D�Q�� �(�Q�W�U�R�S�\�� �0�H�W�D�� �7�Z�R-�V�W�D�J�H�� �'�\�Q�D�P�L�F�� �6�%�0�� �P�R�G�H�O�� �D�Q�G�� �L�Q�W�U�R�G�X�F�H�V�� �W�K�H�� ���(�,�7-���6����
�I�U�D�P�H�Z�R�U�N���� �7�K�H�� �I�U�D�P�H�Z�R�U�N�� �L�Q�L�W�L�D�O�O�\�� �H�Y�D�O�X�D�W�H�V�� �W�K�H�� �G�H�Y�H�O�R�S�P�H�Q�W�� �O�H�Y�H�O�� �R�I�� �$�,�� �W�H�F�K�Q�R�O�R�J�\��
�W�K�U�R�X�J�K���(�Q�Y�L�U�R�Q�P�H�Q�W�D�O���6�X�S�S�R�U�W�����,�Q�G�X�V�W�U�L�D�O���'�H�Y�H�O�R�S�P�H�Q�W�����D�Q�G���7�H�F�K�Q�R�O�R�J�L�F�D�O���,�Q�Q�R�Y�D�W�L�R�Q�����(�,�7������
�D�Q�G���D�V�V�H�V�V�H�V���W�K�H���H�I�I�L�F�L�H�Q�F�\���R�I���6�&���G�H�Y�H�O�R�S�P�H�Q�W���E�D�V�H�G���R�Q���V�L�[���D�V�S�H�F�W�V�����6�P�D�U�W���7�H�F�K�Q�R�O�R�J�\�����6�P�D�U�W��
�(�F�R�Q�R�P�\���� �6�P�D�U�W�� �&�L�W�L�]�H�Q���� �6�P�D�U�W�� �*�R�Y�H�U�Q�D�Q�F�H���� �6�P�D�U�W�� �(�Q�Y�L�U�R�Q�P�H�Q�W���� �D�Q�G�� �6�P�D�U�W�� �7�U�D�Q�V�S�R�U�W�D�W�L�R�Q��
�����6������ �7�K�L�V�� �V�W�X�G�\�� �D�O�V�R�� �L�Q�W�U�R�G�X�F�H�V�� �.�H�U�Q�H�O�� �'�H�Q�V�L�W�\�� �(�V�W�L�P�D�W�L�R�Q���� �W�K�H�� �*�U�D�Y�L�W�\�� �0�R�G�H�O���� �D�Q�G�� �W�K�H��
�6�W�D�Q�G�D�U�G�� �'�H�Y�L�D�W�L�R�Q�� �(�O�O�L�S�V�H�� �0�R�G�H�O�� �W�R�� �H�[�D�P�L�Q�H�� �W�K�H�� �W�H�P�S�R�U�D�O�� �D�Q�G�� �V�S�D�W�L�D�O�� �G�L�Y�H�U�J�H�Q�F�H��
�F�K�D�U�D�F�W�H�U�L�V�W�L�F�V���R�I���W�K�H���$�,���V�\�V�W�H�P�����6�&���V�\�V�W�H�P�����D�Q�G���$�,�6�&���V�\�V�W�H�P���� �� �7�K�H���I�L�Q�G�L�Q�J�V���D�U�H���D�V���I�R�O�O�R�Z�V����
�������� �7�K�H�� �D�Y�H�U�D�J�H�� �R�Y�H�U�D�O�O�� �H�I�I�L�F�L�H�Q�F�\�� �R�I�� �V�P�D�U�W�� �F�L�W�\�� �V�\�V�W�H�P�V�� �L�Q�� ������ �&�K�L�Q�H�V�H�� �S�U�R�Y�L�Q�F�H�V�� �Z�D�V�� ����������
�I�U�R�P�� ���������� �W�R�� ������������ �,�W�� �V�K�R�Z�V�� �D�� �V�O�L�J�K�W�� �G�R�Z�Q�Z�D�U�G�� �W�U�H�Q�G���� �$�,�� �W�H�F�K�Q�R�O�R�J�\�� �L�Q�Y�H�V�W�P�H�Q�W�� �O�L�P�L�W�V�� �W�K�H��
�H�I�I�L�F�L�H�Q�F�\�� �R�I�� �6�&�� �G�H�Y�H�O�R�S�P�H�Q�W�� �D�Q�G�� �L�V�� �W�K�H�� �P�D�L�Q�� �V�R�X�U�F�H�� �R�I�� �L�Q�H�I�I�L�F�L�H�Q�F�\���� �7�K�H�� �V�K�R�U�W�D�J�H���R�I�� �5�	�'��
�I�X�Q�G�V���D�Q�G���W�D�O�H�Q�W���L�V���W�K�H���P�D�L�Q���E�R�W�W�O�H�Q�H�F�N�������������7�R���L�P�S�U�R�Y�H���W�K�H���R�Y�H�U�D�O�O���H�I�I�L�F�L�H�Q�F�\���R�I���$�,�6�&���V�\�V�W�H�P�V����
�S�R�O�L�F�\�P�D�N�H�U�V���V�K�R�X�O�G���I�R�F�X�V���R�Q���L�P�S�U�R�Y�L�Q�J���W�K�H���S�H�U�I�R�U�P�D�Q�F�H���R�I���W�K�H���$�,���V�\�V�W�H�P�V���L�Q���-�L�O�L�Q�����=�K�H�M�L�D�Q�J����
�D�Q�G�� �+�X�E�H�L���� �S�U�H�Y�H�Q�W�L�Q�J�� �W�K�H�� �F�R�Q�W�L�Q�X�R�X�V�� �G�H�F�O�L�Q�H�� �R�I�� �H�I�I�L�F�L�H�Q�F�\�� �L�Q�� �7�L�D�Q�M�L�Q�� �D�Q�G�� �/�L�D�R�Q�L�Q�J���� �D�Q�G��
�I�R�F�X�V�L�Q�J�� �R�Q�� �W�K�H�� �6�&�� �V�\�V�W�H�P�V�� �L�Q�� �&�K�R�Q�J�T�L�Q�J�� �D�Q�G�� �+�X�E�H�L���� �������� �7�K�H�� �R�Y�H�U�D�O�O�� �L�Q�H�I�I�L�F�L�H�Q�F�\�� �L�Q��
�1�R�U�W�K�H�D�V�W�� �&�K�L�Q�D�� �V�W�H�P�V�� �I�U�R�P�� �W�K�H�� �Z�L�G�H�Q�L�Q�J�� �G�L�I�I�H�U�H�Q�F�H�V�� �L�Q�� �W�K�H�� �$�,�� �W�H�F�K�Q�R�O�R�J�\�� �E�D�V�H�� �Z�L�W�K�L�Q�� �W�K�H��
�S�U�R�Y�L�Q�F�H�����Z�K�L�O�H���W�K�H���O�H�Y�H�O���R�I���6�&���L�Q���W�K�H���F�H�Q�W�U�D�O���D�Q�G���Z�H�V�W�H�U�Q���U�H�J�L�R�Q�V���G�U�D�J�V���G�R�Z�Q���W�K�H���H�I�I�L�F�L�H�Q�F�\��
�L�P�S�U�R�Y�H�P�H�Q�W���� �������� �7�K�H�� �G�H�Y�H�O�R�S�P�H�Q�W�� �R�I�� �$�,�� �W�H�F�K�Q�R�O�R�J�\�� �L�V�� �X�Q�G�H�U�J�R�L�Q�J�� �W�K�H�� �S�U�R�F�H�V�V�� �R�I��
���D�J�J�O�R�P�H�U�D�W�L�R�Q�� �I�R�O�O�R�Z�H�G�� �E�\�� �G�L�I�I�X�V�L�R�Q������ �7�K�H�� �J�U�D�Y�L�W�\�� �F�H�Q�W�U�H�� �R�I�� �$�,�� �K�D�V�� �D�� �S�R�W�H�Q�W�L�D�O�O�\�� �G�R�P�L�Q�D�Q�W��
�U�R�O�H���L�Q���W�K�H���I�R�U�P�D�W�L�R�Q���D�Q�G���G�H�Y�H�O�R�S�P�H�Q�W���R�I���W�K�H���J�U�D�Y�L�W�\���F�H�Q�W�U�H���R�I���$�,�6�&�� 
�.�H�\�Z�R�U�G�V�����6�P�D�U�W���'�L�Y�L�G�H�����$�,���7�H�F�K�Q�R�O�R�J�\�����6�P�D�U�W���&�L�W�\�����6�S�D�W�L�D�O-�W�H�P�S�R�U�D�O���'�L�Y�H�U�J�H�Q�F�H 
 
 



 1. Introduction 
 China's urbanisation rate has risen from 26.41% in 1990 to 66.16% in 2023, and the 

high population density in cities has caused traffic congestion, environmental pollution, 
resource constraints and other systemic "urban diseases". In this context, the construction of 
smart cities has become a key path to solve chronic urban diseases and promote sustainable 
development�����/�L�I�H�O�R���H�W���D�O����������������. On one hand, it realises the dynamic and optimal allocation 
of urban resources through the in-depth application of IoT, big data, AI and other 
technologies. On the other hand, it directly drives the development of digital industry clusters, 
drives scientific and technological innovations, and fosters new economic growth ���/�L�X���H�W���D�O������
����������. This transformation logic has been proven globally�² cities such as Singapore and 
Copenhagen have significantly improved their international competitiveness through smart 
upgrading. Therefore, the promotion of smart city construction �L�Q���&�K�L�Q�D��is not only a realistic 
need to tackle the challenges of urbanisation but also a strategic choice to seize the 
commanding heights of future development. 

 In recent years, AI technology has significantly improved the effectiveness of urban 
governance by optimising resource allocation and empowering intelligent decision-making. It 
has become the core engine driving the upgrading of smart cities. The application of AI 
technology in smart cities spans various areas, including the collection and analysis of urban 

data, �L�Q�I�U�D�V�W�U�X�F�W�X�U�H�� �P�D�Q�D�J�H�P�H�Q�W����urban planning and design, urban intelligent 
transportation, environmental detection, disaster warning, intelligent security and smart home 
etc ���$�O�V�X�E�D�L�� �H�W�� �D�O������ ������������ �&�K�H�Q�� �D�Q�G�� �=�K�D�Q�J���� ������������ �)�D�Q�J�� �H�W�� �D�O������ ������������ �=�K�D�Q�J�� �H�W�� �D�O������ ����������. As a 
specific example, AI technology can significantly reduce traffic congestion by 20% during 
peak hours by regulating intersection signals and controlling traffic flow ���-�D�U�D�P�L�O�O�R-�$�O�F�D�]�D�U���H�W��

�D�O����������������. This demonstrates the close relationship between AI technology and smart cities. 
AI not only enhances the intelligence of cities but also promotes sustainable development and 
safety management, making smart cities more efficient, convenient, and livable. However, the 
application of AI in cities also presents potential drawbacks, such as the displacement of 
traditional jobs, leading to unemployment. Furthermore, the collection of information and 
data by AI raises privacy concerns�����%�U�D�X�Q���H�W���D�O����������������. 

 It is evident that the rapid development of AI technology is transforming the 
construction model of smart cities. An important issue arising from this is that, against the 
backdrop of uneven regional development in China, factors such as imbalances in economic 
foundations, industrial structures, computing infrastructure, talent concentration, and policy 
support have exacerbated inequalities in the penetration of AI technology, leading to regional 
disparities in AI technology ���+�D�P�P�H�U�V�F�K�P�L�G�W�� �H�W�� �D�O������ ����������. Therefore, in this process, the 
uneven regional development of AI technology may give rise to a new smart divide. 
Specifically, due to the differentiation of AI technology, regions with leading AI technology 
will emerge alongside those lagging behind. As this differentiation widens, the efficiency gap 
in AI technology between regions will continue to expand. Regions with leading AI 
technology will benefit from AI-driven advancements, further enhancing their smart city 
development, while regions with lagging AI technology will face obstacles to their smart city 
development due to their low AI standards, potentially even offsetting the overall efficiency 
of smart city construction ���6�K�X�� �H�W�� �D�O������ ����������.��The combination of AI-driven technological 
differentiation and SC amplification exacerbates AISC system differentiation (i.e., the further 



widening of smart city development gaps), thereby creating a new smart divide. The 
framework diagram illustrating the formation of the smart divide is shown in Fig. 1. A study 
by �$�F�H�P�R�J�O�X���D�Q�G���5�H�V�W�U�H�S�R�������������� on the US labour market reveals the "double-edged sword 
effect" of technological change: while AI can enhance productivity, if it is not sufficiently 
adapted to the region, it may lead to the replacement of low-skilled jobs by "automation". 
Their finding that "automation replaces low-skilled jobs" and exacerbates income inequality 
provides theoretical support for the risk of a smart divide. This paradox of positive and 
negative impacts carried by AI also suggests the need for a more refined efficiency 
assessment framework, which is why this paper incorporates AI technologies in the smart city 
development assessment framework. 
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Amina Mohammed, Deputy Secretary-General of the United Nations, warned at the UN 
General Assembly that if the international community does not act decisively, the digital 
divide will become the "new face of inequality ���&�R�V�W�D��������������. In the context of Smart Cities, 
the digital divide manifests at three levels: the Access Divide (differences in infrastructure 
accessibility), the Literacy Divide (differences in the ability to use digital skills and 
capabilities), and the Smart Divide (social inequalities and injustices caused by core AI 
technologies). It can be seen that the Smart Divide is a more integrated, complex and hidden 
advanced stage of the digital divide in the smart era. 

Previously, China largely played the role of a follower in the pre-access and literacy 
chasm stages, both in terms of theoretical research and public policy. However, as China 
enters the smart divide period�² especially catalysed by the COVID-19 pandemic�² it is 
showing a unique opportunity for innovation breakthroughs. For instance, the "Health Code" 
system has achieved 1.4 billion people coverage, highlighting the potential for technological 
inclusion. It is important to note that the smart divide driven by the logic of capital in the 
smart era is only beginning to emerge. We currently know very little about its inherent 
patterns and potential risks ���<�L�J�L�W�F�D�Q�O�D�U���H�W���D�O����������������. The opportunities and challenges brought 
by AI technology to human beings have yet to be observed and researched����In the face of the 
deep divide that may be triggered by the explosive breakthrough of smart technologies, 
humans must prepare for it in the design of governance systems ���$�G�L�W�\�D���H�W���D�O�������������������&�D�U�D�J�O�L�X��

�D�Q�G���'�H�O���%�R��������������. 



The current literature on AI technology and smart cities exhibits several gaps: the lack of 
differential impacts of the dynamic penetration of AI technology on the efficiency of smart 
cities, the lack of attention to the "smart divide" exacerbated by the process of intelligence, 
and the lack of multidimensional evaluation of smart cities in terms of citizen and government 
dimensions. To address these issues and move beyond the static evaluation paradigm, this 
paper constructs an Entropy Meta Two-stage Dynamic SBM model and establishes the 
"EIT-6S" framework for the first time. This framework systematically evaluates the efficiency 
of smart city development from two dimensions. The first stage (EIT efficiency) focuses on 
the AI technology level composed of environmental support, industrial development and 
technological innovation. The second stage (6S efficiency) measures the efficiency of smart 
cities based on the system of smart technology, smart economy, smart citizen, smart 
governance, smart environment, and smart transport. This paper further combines the kernel 
density estimation, gravity model and standard deviation ellipse method to reveal the dynamic 
evolution of AI-driven smart city efficiency across 30 provinces in China from 2019-2023. 
This includes analysing the trajectory of efficiency trajectories in terms of regional 
differences and stage efficiencies, identifying the key variables of technological imbalances, 
and exploring how technological differences distort efficiency evolution. Only by clarifying 
the interaction mechanism of "regional differences - technology penetration - efficiency 
evolution - spatial differentiation" can we provide a policy of both resilience and 
inclusiveness for AI-enabled smart cities. The article framework diagram is shown in Fig. 2. 



 

Fig. 2. Article framework diagram. 
 Narrowing regional economic development gaps, addressing the new "smart divide" 

triggered by AI technology, and building cities centred around people are crucial for ensuring 
the long-term effectiveness of smart city development. The main contributions of this study 
are as follows: (1) Proposed and defined the concept of the "smart divide", clarified its 
formation process, and verified its existence. (2) Development of a Framework: A 
framework is proposed to construct a two-stage model of "EIT technology foundation - 6S 
application effectiveness", which helps to understand the role of AI in China's smart city 
development. (3) Comprehensive Evaluation of Smart Cities: Evaluating smart cities from 
a more comprehensive 6S dimension, incorporating key criteria for smart city assessment and 



development requirements. The 6S system adds "smart citizen" and "smart government" 
dimensions (including education expenditure, government transparency index, service supply 

capacity, etc.)�����Z�K�L�F�K���F�R�U�U�H�F�W���W�K�H tendency of "GDP only". (4) Enriching Evaluation Tools: 
The paper enhances the tools for evaluating smart city development efficiency under AI 
�W�H�F�K�Q�R�O�R�J�\�¶�V���L�Q�I�O�X�H�Q�F�H�����,�W���S�U�R�S�R�V�H�V an Entropy Meta Two-stage Dynamic SBM model, which 
solves the problems of connectivity among decision-making units, regional differences and 
too many variables compared with the results of the traditional single-stage DEA model. In 
this paper, we further conduct a systematic study on the dynamic evolution of smart city 
efficiency driven by AI, improving the dynamic embedding perspective of AI technology for 

smart city efficiency evaluation. (5) Policy Recommendations: �7�K�L�V���S�D�S�H�U���Srovides detailed 
information to alert managers to formulate differentiated and forward-looking policies to 
guard against the smart divide. 
 2 Literature review 

 The conceptual development of smart cities has progressed in distinct stages. The 
concept of a "smart city" was formally proposed by International Business Machines 
Corporation (IBM) in 2010, emphasising the Internet of Things (IoT) as the core to facilitate 
the synergy between urban subsystems�� ���$�O�D�K�L�� �H�W�� �D�O������ �������������� �,�Q�� ������������ �&�K�L�Q�D�¶�V�� �0�L�Q�L�V�W�U�\�� �R�I��
Housing and Urban-Rural Development, Ministry of Industry and Information Technology, 
and other relevant agencies incorporated smart cities into national policy and launched pilot 
initiatives. Early smart city research focused on the application of information technology to 
make cities smarter through infrastructure ���+�D�U�U�L�V�R�Q�� �H�W�� �D�O������ ������������ �:�X���D�Q�G�� �<�D�Q�J���� ����������. Since 
2015, China has broken away from the IBM model and shifted to its path characterised by 
"new smart cities" with �D "people-centred orientation", placing greater emphasis on enhancing 
�F�L�W�L�]�H�Q�V�¶�� �V�H�Q�V�H�� �R�I�� �D�F�F�H�V�V�� �D�Q�G�� �Z�H�O�O-being ���$�K�Y�H�Q�Q�L�H�P�L�� �H�W�� �D�O������ ����������. In May 2024, four 
departments of the National Development and Reform Commission, the Ministry of Finance 
and the Ministry of Natural Resources jointly formulated the Guidelines on Deepening the 
Development of Smart Cities and Promoting the Digital Transformation of Cities Nationwide, 
which emphasised the need for smart cities to be promoted in "the whole area, in all 
directions, in the whole process" and "with their own characteristics".  

Based on the above evolution, this paper defines a smart city as one that, with the 
support of new-generation information technology (e.g., IoT, big data, and AI), carries out 
real-time sensing, interconnection and sharing, and intelligent analysis of key information of 
the core system of urban operation, to comprehensively integrate urban resources and provide 
citizens with more convenient and efficient social services and more scientific and intelligent 
urban management. 

 Academic research on smart city assessment lags behind the development of smart 
cities. Existing studies mainly focus on the following areas: 

 (a) Evaluating the implementation effects of smart city pilot policies. Chinese scholars 
mostly focus on the impact of smart city construction on economic variables, such as regional 
employment and income, total factor productivity, and technological innovation ���&�K�H�Q���H�W���D�O������

�������������/�L���H�W���D�O�������������������/�L�Q�J���H�W���D�O�������������������6�R�Q�J���H�W���D�O�������������������6�R�Q�J���H�W���D�O�������������������:�D�Q���D�Q�G���&�X�L��������������. 
However, fewer studies directly assess the construction outcomes of smart cities themselves. 
In terms of research methodology, the Differences-in-Differences(DID) in quasi-natural 
experiments is commonly adopted ���;�L�D���H�W���D�O����������������. This approach has a significant limitation. 



It simply divides smart city implementation into a binary state of "yes" and "no", ignoring the 
variability of policy intensity, resource investment, and depth of technology application in 
different regions. �$�O�O�D�P���D�Q�G���'�K�X�Q�Q�\�������������� questioned the use of the DID model in smart city 
assessment, with the central point being that the essence of a city's "smartness" is not in its 
labelling, but in how effectively the technology connects with local systems and meets 
citizens�¶ needs. In the Chinese context, sample selection bias is another key problem. Many 
studies delineated the scope of the study solely based on the three pilot lists published by the 
Ministry of Housing and Urban-Rural Development (2012-2014, about 150 prefecture-level 
cities). In reality, China's smart city pilots involve multiple levels of administrative units. 
When cross-sectoral pilots are included, the total number of participating cities�² covering 
prefectures, municipal districts, and county-level units�² approaches 900. Therefore, this 
assessment method cannot fully reflect the real implementation effect of national smart city 
policies. There may be sample selection bias that underestimates the impact of the policy on 
small and medium-sized cities and county areas. Moreover, it overlooks the heterogeneity in 
smart city development across different city types. 

(b) Research on the difficulties and solutions in smart city construction. Some scholars 
have focused on the theoretical level to analyse the practical difficulties and breakthrough 
paths of smart city construction. Existing studies have pointed out that the construction of 
smart cities faces multidimensional structural dilemmas. At the technical level, there is the 
problem of "data silos" caused by the administrative system, and a large amount of data has 
not been transformed into regular knowledge ���)�D�Q�J���D�Q�G���;�X�����������������/�L���H�W���D�O����������������. There are 
also insufficient infrastructure sharing, privacy leakage and security issues ���$�O�O�D�P���D�Q�G���-�R�Q�H�V����

�������������6�L�Q�J�K���H�W���D�O����������������. At the institutional level, there is a lack of top-level design, barriers 
to cross-industry and cross-business cooperation, and a lack of a sound mechanism for 
balancing interests�� ���<�D�Q�� �H�W�� �D�O������ ����������. In this regard, scholars have proposed a systematic 
framework of countermeasures. This includes improving the systematic policy support system 
through national strategies, breaking down data barriers through institutional innovation, city 
governments, and effectively transforming functions so that urban residents can become the 
centre of the city�����6�N�X�E�L�V���H�W���D�O����������������. Notably, there has been a paradigm shift in the role of 
the citizen. Early studies focused on technology-driven practice paths, and more recently 
there has been a gradual shift towards a multifaceted governance model that emphasises 
social collaboration and citizen participation�����3�U�H�V�W�R�Q���H�W���D�O�������������������=�K�H�Q�J���D�Q�G���6�L�H�E�H�U��������������. 

 (c) Research on smart city assessment systems. Smart city assessment system research 
has experienced a paradigm shift from a single dimension to system integration, forming �D�Q��

�H�Y�D�O�X�D�W�L�R�Q���I�U�D�P�H�Z�R�U�N��covering multiple dimensions ���/�R�P�E�D�U�G�L���H�W���D�O�������������������4�L�D�Q���H�W���D�O����. Some 
studies focus on single application scenarios, such as smart education public service 
evaluation, and smart building evaluation���0�R�O�Q�D�U�����������������6�K�D�K�U�D�E�D�Q�L���D�Q�G���$�S�D�Q�D�Y�L�F�L�H�Q�H��������������. 
To break through the fragmentation limitations, �&�X�L���D�Q�G�� �<�D�Q�J�� ������������ constructed a 
multidimensional smart city building evaluation index system, with human capital, 
infrastructure, and capital investment as inputs, and the four dimensions of smart government, 
smart economy, smart life, and smart humanistic literacy as outputs. However, this study 
remains theoretical and does not evaluate the actual outcomes of smart city construction. 
Since the evaluation objects are all multiple cities, the indicator systems for different 
application levels lack evaluation indicators that reflect the characteristics of the cities�����:�D�Q�J��



�D�Q�G�� �=�K�H�Q�J���� ����������. �/�L�X�� ������������ points out that ignoring this urban heterogeneity can lead to 
unfair evaluation results, especially for some evaluation work that serves the government's 
performance appraisal. 

 Although existing studies have extensively explored the policy effects and development 
paths of smart cities, and the computer field has confirmed the potential for deep integration 
of AI and urban systems ���0�D�Q�P�D�Q���H�W���D�O����������������, there are three main gaps in the academic 
focus. First, most studies overlook the differential impact of the dynamic penetration of AI 
technologies on the efficiency of smart cities�����%�R�N�K�D�U�L���D�Q�G���0�\�H�R�Q�J��������������. Second, while some 
literature examines the process and drawbacks of AI application in smart cities�� ���*�X�R���� ������������

�8�O�O�D�K�� �H�W�� �D�O������ ����������, less attention has been paid to the institutional adaptability of AI 
technologies to smart cities, especially the lack of attention to the smart divide that may be 
created. Technically, "AI+Big Data" needs to be further improved in terms of smart city data 
governance ���=�K�R�X�� �H�W�� �D�O������ ����������. For example, mountainous cities are forced to reduce 
deployment density due to the high energy consumption of visual IoT devices, which in turn 
widens the governance capability gap with developed regions ���(�O���*�K�D�W�L���H�W���D�O����������������. The Smart 
Divide emerges when the application of AI technologies within cities instead increases 
regional inequalities. Thirdly, there is an absence of the citizen and government dimensions of 
multidimensional evaluation in smart city assessment ���5�L�Q�J�H�Q�V�R�Q���H�W���D�O����������������. �9�D�Q�R�O�R�������������� 
argues that the tendency towards technological determinism in smart city assessment masks 
the role of institutional fitness. Under the guise of "efficiency" and "optimisation", social 
issues are reduced to mere technological problems, neglecting the importance of democratic 
participation and social equity. 
 3. Modelling and methodology 

�,�Q�� ������������Tone�� �S�U�R�S�R�V�H�G��the Slacks-Based Measure (SBM) model, which uses slacks as 
the basis of measurement, takes into account the slack between inputs and outputs, and 
presents the SBM efficiency in a non-radial estimation mode and scalar ���7�R�Q�H��������������. Tone 
and Tsutsui (2009) then propose a weighted slack-based measures network data envelopment 
analysis model, which takes the linkage between the various departments of the 
decision-making unit as the analytical basis of the network DEA model, and treats each 
department as a sub-division. The linkage between the departments of a decision-making unit 
is used as the basis of the network DEA model, and each department is considered as a 
Sub-DMU, and then the SBM model to find the optimal solution. In 2014, Tone and Tsutsui 
������������ further developed this idea by introducing the weighted slack-based measures dynamic 
network DEA data envelopment analysis model. This model takes the linkage between the 
departments of the decision-making unit as the basis of analysis. The departments are 
regarded as Sub-DMU, and the carry-over activities are regarded as the linkage. However, the 
dynamic network DEA model of Tone and Tsutsui (2014) does not address issues related to 
regional differences and an excessive number of variables. To resolve this, this paper 
�L�Q�W�H�J�U�D�W�H�V�� �6�K�D�Q�Q�R�Q�¶�V�� �������������� �(�Q�W�U�R�S�\�� �Z�L�W�K�� �W�K�H�� �G�\�Q�D�P�L�F�� �Q�H�W�Z�R�U�N�� �'�(�$�� �P�R�G�H�O�� �R�I�� �7�R�Q�H�� �D�Q�G��
Tsutsui (2014) and the meta-frontier model of O'Donnell et al. (2008) to proposed the Entropy 
Meta Two-stage Dynamic SBM model. 

 3.1. Entropy method 
In this assessment model, some input-output indicators have multidimensional 

characteristics, which can lead to biased efficiency assessments if directly applied to the DEA 



model.To address this limitation, this paper introduces the information entropy theory, using 
�6�K�D�Q�Q�R�Q�¶�V��������������entropy method to perform dimensionality reduction and comprehensive 
quantification of multidimensional indicators. Table 1 presents the indicators used in this 
paper, indicating whether each input and output indicator has been processed using the 
entropy method, along with the detailed indicators synthesized through this process. The 
average weight of each index using entropy method is also listed in the table. Since this is 
only an auxiliary method for this study, the detailed steps of the entropy method are shown in 
Appendix A. 
Table 1 
Indicators for each stage. 
Dimension Symbol Entropy Detailed indicators Weight 

AI technology development 

Environment 
support 

Input1 Yes 

Statistical incubators (units) 0.1234  
R&D organisations for high-tech industries (units) 0.2642  
Full-time equivalent of R&D personnel (persons) 0.1226  
Employees in information transmission, software and 
information technology services (persons) 

0.1418  

Equivalent full-time equivalents of R&D personnel in 
high-tech industries (persons) 

0.2083  

Mobile phone penetration rate (%) 0.0694  
Fixed asset investment in information transmission, 
computer services and software industry (billion yuan) 

0.0703  

Output1 Yes 

New product development projects in high-tech industry 
(items) 

0.6163  

Length of long-distance fibre-optic cable lines (km) 0.1819  
Internet broadband access ports (ten thousand units) 0.2018  

Industrial 
development 

Input2 Yes 

Technical production (units)* 0.1707  
Computers used by enterprises at year-end (units) 0.1378  
Enterprise-owned websites (units) 0.1320  
Expenditure on new product development (million yuan) 0.2720  
Expenditure on technological transformation (million 
yuan) 

0.2874  

Output2 Yes 
Main business revenue (billion yuan) 0.3919  
Total profit (billion yuan) 0.3655  
Artificial Intelligence Enterprises (units) 0.2427  

Technology 
innovation 

Input3 No External R&D expenditure (million yuan)  

Output3 Yes  

Scientific papers indexed by major retrieval tools (papers) 0.1452  
Artificial Intelligence Patent Application and Acquisition 
(items) 

0.2565  

Sales Revenue of New Products Developed by High-Tech 
Industries (million yuan) 

0.3117  

Software business revenue (billion yuan) 0.2866  
Smart city development 

Smart technology 

Input1 Yes 

Internet development-number of domain names (ten 
thousand units) 

0.5182  

Length of fibre optic cable lines (km) 0.2523  
Mobile phone base stations (million units) 0.2294  

Output1 Yes 

Proportion of enterprises with e-commerce trading 
activities (%) 

0.3060  

Total telecommunications business (billion yuan) 0.3768  
Mobile phone subscribers at �\�H�D�U-�H�Q�G (million households) 0.3173  

Smart economy 

Input2 No Expenditure on science and technology (million yuan)  

Output2 Yes  

Revenue of innovation industry (million yuan) 0.2724  
Innovation R&D patents (units) 0.2185  
Percentage of enterprises carrying out innovation activities 
(%) 

0.0567  

Scale of e-commerce (billion yuan) 0.2090  
Personnel engaged in technological R&D (persons) 0.2434  

Smart citizen 
Input3 No Education expenditure (million yuan)  
Output3 Yes  Students enrolled in higher education per 10,000 0.0844  



Dimension Symbol Entropy Detailed indicators Weight 
population (persons) 
Proportion of personnel in information transmission, 
software and information technology services (%) 

0.5944  

Proportion of personnel in scientific research and technical 
services (%) 

0.3212  

Smart 
governance 

Input4 No General public services (million yuan)  

Output4 Yes  

Government Transparency Index 0.2909  
Service Supply Capacity Index 0.2088  
Service Responsiveness Index 0.2852  
Service Intelligence Capability Index 0.2151  

Smart 
environment 

Input5 No Environmental protection expenditure (million yuan)  

Output5 Yes 

Energy Intensity (tonnes of standard coal/million yuan) 0.0764  
Waste gas emissions (tonnes/million yuan) 0.0642  
Carbon dioxide emissions (tonnes) 0.0857  
Waste utilisation rate (%) 0.2459  
Sewage treatment rate (%) 0.1022  
Harmless treatment rate of domestic waste (%) 0.0536  
Greening coverage rate of built-up areas (%) 0.1410  
Forest coverage rate (%) 0.2309  

Smart 
transportation 

Input6 No Transportation expenditure (million yuan)  

Output6 Yes 

Land used for transportation (million hectares) 0.1880  
Total passenger volume (10,000 persons) 0.2373  
Total freight volume (million tonnes) 0.2352  
Railway operating mileage (km) 0.1617  
Highway mileage (km) 0.1778  

�
���� �&�D�O�F�X�O�D�W�L�R�Q���� �%�D�V�H�G�� �R�Q�� �W�K�H�� �Q�X�P�E�H�U�� �R�I�� �L�Q�G�X�V�W�U�L�D�O�� �U�R�E�R�W�V�� �L�Q�V�W�D�O�O�H�G�� �L�Q�� �H�D�F�K�� �L�Q�G�X�V�W�U�\�� �L�Q�� �&�K�L�Q�D��

�S�X�E�O�L�V�K�H�G���E�\���,�5�)���$�O�O�L�D�Q�F�H�����F�R�O�O�H�F�W���W�K�H���S�H�U�F�H�Q�W�D�J�H���R�I���H�P�S�O�R�\�P�H�Q�W���L�Q���H�D�F�K���S�U�R�Y�L�Q�F�H���R�I���W�K�H���V�X�E-�V�H�F�W�R�U���W�R��

�W�K�H�� �W�R�W�D�O�� �H�P�S�O�R�\�P�H�Q�W�� �L�Q�� �W�K�H�� �Z�K�R�O�H�� �F�R�X�Q�W�U�\�� �I�U�R�P�� �W�K�H�� �&�K�L�Q�D�� �/�D�E�R�X�U�� �6�W�D�W�L�V�W�L�F�V�� �<�H�D�U�E�R�R�N���� �D�Q�G�� �J�H�W�� �W�K�H��

�U�H�V�X�O�W���I�U�R�P�����W�K�H���S�H�U�F�H�Q�W�D�J�H�î�W�K�H���Q�X�P�E�H�U���R�I���U�R�E�R�W�V���L�Q�V�W�D�O�O�H�G���L�Q���H�D�F�K���L�Q�G�X�V�W�U�\���L�Q���W�K�H���Z�K�R�O�H���F�R�X�Q�W�U�\���� 

 
 3.2. �(�Q�W�U�R�S�\���P�H�W�D���W�Z�R-�V�W�D�J�H���G�\�Q�D�P�L�F���6�%�0���P�R�G�H�O 
 3.2.1 Symbol description 

Fig. 3 shows the efficiency framework of China's smart city development under AI 
technology, where the input or output indicators with "�x " are synthesised using the method in 
Section 3.1. We deal with n DMUs in T periods, and each decision unit has two stages, the 
�D�U�W�L�I�L�F�L�D�O���L�Q�W�H�O�O�L�J�H�Q�F�H��(AI) technology development stage and the smart city (SC) development 
stage. In the AI stage, there are three inputs and outputs dimensions: environmental support, 
industrial development, and technological innovation. In the SC stage, there are six inputs and 
outputs dimensions: smart technology, smart economy, smart citizen, smart governance, 
smart environment, and smart transport. The outputs of the AI stage are also regarded as 
intermediate product (Link) inputs to the SC stage.  

Suppose there are n DMUs (o=1,...,n), k stages (k=1,...,K) and T periods of time 
(t=1,...,T). Each DMU has its own input and output terms. In each t period, it is linked to the 
next t+1 period through carry-over simultaneously. Let �P�N and �U�N represent the inputs and 
outputs in each k stage, with ���N���K���L represents the period from k to h. �/�K�N is the k and h 

division set. The definitions of inputs, outputs, links and carry-over are summarised in Table 
2 below. 



 

�)�L�J����������Efficiency framework. 
 



Table2 

Variable symbols. 

�,�Q�S�X�W�V �,�1�L�R�N
�W�Å�5�� ���L� �����«���P�N�����R� �����«���Q�����N� �����«���. �����W� �����«���7���� �U�H�I�H�U�V���W�R���L�Q�S�X�W���L�� �D�W���W�L�P�H���S�H�U�L�R�G���W�� �I�R�U���'�0�8 �R�� �G�L�Y�L�V�L�R�Q���N�� 

�6�W�D�J�H���$�, 
�,�1���L�R�N

�W �L� �� Environmental support-input�x  �6�W�D�J�H���6�& �,�1���L�R�N
�W �L� �� Smart technology-input�x  

 �L� �� Industrial development-input�x    �L� �� �(�[�S�H�Q�G�L�W�X�U�H���R�Q���V�F�L�H�Q�F�H���D�Q�G���W�H�F�K�Q�R�O�R�J�\ 
 �L� �� �(�[�W�H�U�Q�D�O���5�	�'���H�[�S�H�Q�G�L�W�X�U�H   �L� �� �(�G�X�F�D�W�L�R�Q���H�[�S�H�Q�G�L�W�X�U�H 

 
     �L� �� �*�H�Q�H�U�D�O���S�X�E�O�L�F���V�H�U�Y�L�F�H�V 
     �L� �� �(�Q�Y�L�U�R�Q�P�H�Q�W�D�O���S�U�R�W�H�F�W�L�R�Q���H�[�S�H�Q�G�L�W�X�U�H 

     �L� �� �7�U�D�Q�V�S�R�U�W�D�W�L�R�Q���H�[�S�H�Q�G�L�W�X�U�H 
�2�X�W�S�X�W�V �2�8�7�U�R�N

�W �Å�5�� �:�U� �����«���U�N�����R� �����«���Q�����N� �����«���. �����W� �����«���7�;�� �U�H�I�H�U�V���W�R���R�X�W�S�X�W���U���L�Q���W�L�P�H���S�H�U�L�R�G���W�� �I�R�U���'�0�8 �R�� �G�L�Y�L�V�L�R�Q���N�� 

�6�W�D�J�H���$�, 
�2�8�7���U�R�N

�W  �U� �� Environmental support-output�x  �6�W�D�J�H���6�& �2�8�7���U�R�N
�W  �U� �� Smart technology-output�x  

 �U� �� Industrial development-output�x    �U� �� Smart economy-output�x  
 �U� �� Technological innovation-output�x    �U� �� Smart citizen-output�x  

 
     �U� �� Smart governance-output�x  

     �U� �� Smart environment-output�x  
     �U� �� Smart transportation-output�x  

�/�L�Q�N�V �/�1�G�R�:�N�K�;
�W �Å�5�� ���G� ���« �' ���R� �����«���Q�����N�K��� �����«�����O�L�Q�N�����W� �����«���7�����D�U�H���W�K�H���S�H�U�L�R�G���W�� �O�L�Q�N�V���I�U�R�P���'�0�8 �R�� �G�L�Y�L�V�L�R�Q���N�� �W�R���G�L�Y�L�V�L�R�Q���K�����Z�L�W�K�����N�K���� �E�H�L�Q�J���W�K�H���Q�X�P�E�H�U���R�I���N�� �W�R���K�� �O�L�Q�N�V�� 
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 3.2.2 Objective function 
(1) Meta-frontier (MF) 

Suppose Each of the �'�0�8 �S has an input and output at time period t and a carry-over 

(link) to the next t+1 time period. �'�X�H�� �W�R�� �G�L�I�I�H�U�H�Q�F�H�V�� �L�Q�� �P�D�Q�D�J�H�P�H�Q�W�� �W�\�S�H���� �U�H�V�R�X�U�F�H�V����

�U�H�J�X�O�D�W�L�R�Q�V�����R�U���H�Q�Y�L�U�R�Q�P�H�Q�W�����D�O�O���S�U�R�Y�L�Q�F�H�V���1�����F�R�Q�V�L�V�W���R�I���G�H�F�L�V�L�R�Q-�P�D�N�L�Q�J���X�Q�L�W�V���L�Q���W�K�H���F�O�X�V�W�H�U���J��

���1� �1�����1������ ���������������1�*������ �,�Q�� �W�K�L�V�� �V�W�X�G�\���� �D�O�O�� �G�H�F�L�V�L�R�Q-�P�D�N�L�Q�J�� �X�Q�L�W�V�� �D�U�H�� �G�L�Y�L�G�H�G�� �L�Q�W�R�� ���� �J�U�R�X�S�V���� �V�R��

�*� ������ �;�L�R�D�Q�G�� �\�U�R���U�H�S�U�H�V�H�Q�W���W�K�H�� �L-�W�K���L�Q�S�X�W��(�L� �����«���P�N���� �D�Q�G�� �W�K�H��r-th �I�L�Q�D�O�� �R�X�W�S�X�W��r (�U� �����«���U�N�����R�I��

�W�K�H��o-th �X�Q�L�W��(�R� �����«���Q���� �U�H�V�S�H�F�W�L�Y�H�O�\���� �8�Q�G�H�U�� �W�K�H�� �P�H�W�D�� �I�U�R�Q�W�L�H�U�����'�0�8 �R can maximise its 

efficiency value by choosing the optimal output weights �W�R�� �P�D�[�L�P�L�V�H�� �L�W�V�� �H�I�I�L�F�L�H�Q�F�\�� �Y�D�O�X�H����

�K�H�Q�F�H���W�K�H���H�I�I�L�F�L�H�Q�F�\���R�I���'�0�8 �R �X�Q�G�H�U���W�K�H���P�H�W�D���I�U�R�Q�W�L�H�U���F�D�Q���E�H���V�R�O�Y�H�G���E�\���W�K�H���I�R�O�O�R�Z�L�Q�J���O�L�Q�H�D�U��

�S�U�R�J�U�D�P�P�L�Q�J���S�U�R�F�H�G�X�U�H�� 

(a) Objective function 

 Overall efficiency:  

���S
�Û� �P�L�Q

�Ã �: �W�7
�W� �� �N�Ã �: �N�N���í

��
�P�N���Q�L�Q�S�X�W�N

���Ã �Ã
�6�J�L�S�N
�W�í

�[�J�L�S�N
�W

�P�N
�L� ��

�*
�J� �� �� �Ã �Ã

�V�J�F�S�N�O
���W���W������

�]�J�F�S�N�O
���W���W������

�Q�L�Q�S�X�W�N
�N�O

�*
�J� �� ���O�.

�N� �� �O

�Ã �: �W�7
�W� �� 
e�Ã �: �N
e����

��
�U�N���O�L�Q�N�N

���Ã �Ã
�V�J�U�S�N
�W��

�\�J�U�S�N
�W �� �Ã �Ã

�V�J�G�S���N�O��
�W

�=�J�G�S���N�O��
�W

�O�L�Q�N�N
���N�O��

�*
�J� ��

�U�N
�U� ��

�*
�J� �� ��
i�.

�N� �� 
i

           (1) 

�Ã �: �W�7
�W� �� � �������Ã �: �N�.

�N� �� � ������ 

 Subject to: 

Stage 1: AI stage Stage 2: SC stage 

�,�1���J�L�S��
�W � 
Í 
Í �,�1���J�L�R��

�W ���J�L�R��
�W ���V�J�L�S��

�W�í

�Q

�R� ��

�*

�J� ��

 

���L� �����«���P�N���J� ���«�����*�� 

�2�8�7���J�U�S��
�W � 
Í 
Í �2�8�7���J�U�R��

�W ���J�U�R��
�W �í�V�J�U�S��

�W��

�Q

�R� ��

�*

�J� ��

 

���U� �����«���U�N���J� ���«�����*�� 

�/�1�J�G�R��������
�W � 
Í 
Í �/�1�J�G�R��������

�W ���J�G�R��������
�W �í�V�J�G�S��������

�W�í ��

�Q

�R� ��

�*

�J� ��

 

�:�G� ���« �' ���J� ���«�����*�;�� 

���J�L�R��
�W �•�����������J�U�R��

�W �•���������J�G�R��������
�W �•����  

�V�J�L�S��
�W�í �•�������V�J�U�S��

�W�� �•���������V�J�G�S��������
�W�í �•�� 

�,�1���J�L�S��
�W � 
Í 
Í �,�1���J�L�R��

�W ���J�L�R��
�W ���V�J�L�R�S

�W�í

�Q

�R� ��

�*

�J� ��

 

���L� �����«���P�N���J� ���«�����*�� 

�2�8�7���J�U�S��
�W � 
Í 
Í �2�8�7���J�U�R��

�W ���J�U�R��
�W �í�V�J�U�S��

�W�� ��
�Q

�R� ��

�*

�J� ��

 

���U� �����«���U�N���J� ���«�����*�� 

���J�L�R��
�W �•�����������J�U�R��

�W �•���������J�G�R�:�����;
�W �•��  

�V�J�L�S��
�W�í �•���������V�J�U�S��

�W�� �•�� 

�H���N
�W� �� ���Ê�N�����Ê�W�� 

�=�J�F�S�N�O
�:�W���W�����;� 
Í 
Í �=�J�F�R�N�O

�:�W���W�����;���J�F�R���N�O
�W ���V�J�F�S�N�O

�W�:�W���W�����;��

�Q

�R� ��

�*

�J� ��

 

�����F� ���« �&���J� ���«�����*�� 

�V�J�S�N�O
�W�:�W���W�����;�•������ 

 

���E�����3�H�U�L�R�G���D�Q�G���G�L�Y�L�V�L�R�Q���H�I�I�L�F�L�H�Q�F�L�H�V 



�7�K�H���S�H�U�L�R�G���D�Q�G���G�L�Y�L�V�L�R�Q���H�I�I�L�F�L�H�Q�F�L�H�V���D�U�H���D�V���I�R�O�O�R�Z�V�� 

���E�������3�H�U�L�R�G���H�I�I�L�F�L�H�Q�F�\�� 

� �̃S
�Û� �P�L�Q

�Ã �: �N�N���í ��
�P�N���Q�L�Q�S�X�W�N

���Ã �Ã
�6�J�L�S�N
�W�í

�[�J�L�S�N
�W

�P�N
�L� ��

�*
�J� �� �� �Ã �Ã

�V�J�F�S�N�O
���W���W������

�]�J�F�S�N�O
���W���W������

�Q�L�Q�S�X�W�N
�N�O

�*
�J� �� ���O�.

�N� ��

�Ã �: �N
e���� ��
�U�N���O�L�Q�N�N

���Ã �Ã
�V�J�U�S�N
�W��

�\�J�U�S�N
�W �����Ã �Ã

�V�J�G�S���N�O��
�W

�=�J�G�S���N�O��
�W

�O�L�Q�N
���N�O��

�*
�J� ��

�U�N
�U� ��

�*
�J� �� ��
i�.

�N� ��

�� �� �� �� �� �� �� �� �� �� �� �� �� �� ������ 

 

���E�������'�L�Y�L�V�L�R�Q���H�I�I�L�F�L�H�Q�F�\�� 

�3�S
�Û� �P�L�Q

�Ã �: �W�N���í
��

�P�N���Q�L�Q�S�X�W�N
���Ã �Ã

�6�J�L�S�N
�W�í

�[�J�L�S�N
�W

�P�N
�L� ��

�*
�J� �� �� �Ã �Ã

�V�J�F�S�N�O
���W���W������

�]�J�F�S�N�O
���W���W������

�Q�L�Q�S�X�W�N
�N�O

�*
�J� �� ���O�7

�W� ��

�Ã �: �W�H����
��

�U�N���O�L�Q�N�N
���Ã �Ã

�V�J�U�S�N
�W��

�\�J�U�S�N
�W �����Ã �Ã

�V�J�G�S���N�O��
�W

�=�J�G�S���N�O��
�W

�O�L�Q�N�N
���N�O��

�*
�J� ��

�U�N
�U� ��

�*
�J� �� ���I�7

�W� ��

���� �� �� �� �� �� �� �� �� �� �� �������� 

���E�������'�L�Y�L�V�L�R�Q���S�H�U�L�R�G���H�I�I�L�F�L�H�Q�F�\�� 

�!�S
�Û� �P�L�Q

�N���í
��

�P�N���Q�L�Q�S�X�W�N
���Ã �Ã

�6�J�L�S�N
�W�í

�[�J�L�S�N
�W

�P�N
�L� ��

�*
�J� �� �� �Ã �Ã

�V�J�F�S�N�O
���W���W������

�]�J�F�S�N�O
���W���W������

�Q�L�Q�S�X�W�N
�N�O

�*
�J� �� ���O

�H����
��

�U�N���O�L�Q�N�N
���Ã �Ã

�V�J�U�S�N
�W��

�\�J�U�S�N
�W �����Ã �Ã

�V�J�G�S���N�O��
�W

�=�J�G�S���N�O��
�W

�O�L�Q�N�N
���N�O��

�*
�J� ��

�U�N
�U� ��

�*
�J� �� ���I

�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������ 

�)�U�R�P���W�K�H���D�E�R�Y�H�����W�K�H���R�Y�H�U�D�O�O���H�I�I�L�F�L�H�Q�F�\�����S�H�U�L�R�G���H�I�I�L�F�L�H�Q�F�\�����G�L�Y�L�V�L�R�Q���H�I�I�L�F�L�H�Q�F�\�����D�Q�G���G�L�Y�L�V�L�R�Q��

�S�H�U�L�R�G���H�I�I�L�F�L�H�Q�F�\���F�D�Q���E�H���R�E�W�D�L�Q�H�G��using the meta-frontier model. 

(2) Group-frontier (GF) 

As each DMU under the group frontier chooses the most favorable final weighted output, 

the DMU efficiencies under the group frontier are solved using the following equations: 

���D�����7�K�H���R�E�M�H�F�W�L�Y�H���I�X�Q�F�W�L�R�Q 

�2�Y�H�U�D�O�O���H�I�I�L�F�L�H�Q�F�\�� 

���S
�J�Û� �P�L�Q

�Ã �: �W�7
�W� �� �N�Ã �: �N�N���í

��
�P�N���Q�L�Q�S�X�W�N

���Ã
�6�L�S�N
�W�í

�[�L�S�N
�W

�P�N
�L� �� �� �Ã

�V�F�S�N�O
���W���W������

�]�F�S�N�O
���W���W������

�Q�L�Q�S�X�W�N
�N�O

���O�.
�N� �� �O

�Ã �: �W�7
�W� �� �H�Ã �: �N�H����

��
�U�N���O�L�Q�N�N

���Ã
�V�U�S�N
�W��

�\�U�S�N
�W �����Ã

�V�G�S���N�O��
�W

�=�G�S���N�O��
�W

�O�L�Q�N�N
���N�O��

�U�N
�U� �� ���I�.

�N� �� �I
�� �� �� �� �� �� �� �� �� �� �� �� �� ������ 

with�Ã �: �W�7
�W� �� = 1;�Ã �: �N�.

�N� �� = 1. 

 Subject to: 

Stage 1: AI stage Stage 2: SC stage 

�,�1���L�S��
�W � 
Í �,�1���L�R��

�W ���L�R��
�W ���V�L�S��

�W�í

�Q

�R� ��

 

���L� �����«���P�N�� 

�2�8�7���U�S��
�W � 
Í �2�8�7���U�R��

�W ���U�R��
�W �í�V�U�S��

�W��

�Q

�R� ��

 

���U� �����«���U�N�� 

�,�1���L�S��
�W � 
Í �,�1���L�R��

�W ���L�R��
�W ���V�L�S��

�W�í

�Q

�R� ��

 

���L� �����«���P�N�� 

�2�8�7���U�S��
�W � 
Í �2�8�7���U�R��

�W ���U�R��
�W �í�V�U�S��

�W�� ��
�Q

�R� ��

 

���U� �����«���U�N�� 



�/�1�G�S��������
�W � �Ã �/�1�G�R��������

�W ���G�R��������
�W �í�V�G�S��������

�W�í ���Q
�R� �� �� 

���G� ���«�'�� 

���L�R��
�W �•�����������U�R��

�W �•���������G�R�:�����;
�W �•��  

�V�L�S��
�W�í �•���������V�U�S��

�W�� �•�������V�G�S�:�����;
�W�í �•���� 

���L�R��
�W �•�����������U�R��

�W �•�������G�R�:�����;
�W �•��  

�V�L�S��
�W�í �•���������V�U�S��

�W�� �•�� 

�H���N
�W� �� ���Ê�N�����Ê�W��  

�=�F�S�N�O
�:�W���W�����;� �Ã �=�F�R�N�O

�:�W���W�����;���F�R�N�O
�W ���V�F�S�N�O

�W�:�W���W�����;���Q
�R� �� �� (c=1...C) 

�V�F�S�N�O

�W�:�W���W�����;�•���� 

���E�����3�H�U�L�R�G���D�Q�G���G�L�Y�L�V�L�R�Q���H�I�I�L�F�L�H�Q�F�L�H�V 

�7�K�H���S�H�U�L�R�G���D�Q�G���G�L�Y�L�V�L�R�Q���H�I�I�L�F�L�H�Q�F�L�H�V���D�U�H���D�V���I�R�O�O�R�Z�V�� 

���E�������3�H�U�L�R�G���H�I�I�L�F�L�H�Q�F�\�� 

� �̃S
�Û� �P�L�Q

�Ã �: �N�N���í
��

�P�N���Q�L�Q�S�X�W�N
���Ã

�6�L�S�N
�W�í

�[�L�S�N
�W

�P�N
�L� �� �� �Ã

�V�F�S�N�O

���W���W������

�]�F�S�N�O
���W���W������

�Q�L�Q�S�X�W�N
�N�O

���O�.
�N� ��

�Ã �: �N�H����
��

�U�N���O�L�Q�N�N
���Ã

�V�U�S�N
�W��

�\�U�S�N
�W �����Ã

�V�G�S���N�O��
�W

�=�G�S���N�O��
�W

�O�L�Q�N
���N�O��

�U�N
�U� �� ���I�.

�N� ��

�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������ 

 

���E�������'�L�Y�L�V�L�R�Q���H�I�I�L�F�L�H�Q�F�\�� 

�3�S
�Û� �P�L�Q

�Ã �: �W�N���í
��

�P�N���Q�L�Q�S�X�W�N
���Ã

�6�L�S�N
�W�í

�[�L�S�N
�W

�P�N
�L� �� �� �Ã

�V�F�S�N�O
���W���W������

�]�F�R�N�O
���W���W������

�Q�L�Q�S�X�W�N
�N�O

���O�7
�W� ��

�Ã �: �W�H����
��

�U�N���O�L�Q�N�N
���Ã

�V�U�S�N
�W��

�\�U�S�N
�W �����Ã

�V�G�S���N�O��
�W

�=�G�S���N�O��
�W

�O�L�Q�N
���N�O��

�U�N
�U� �� ���I�7

�W� ��

�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������ 

�� ���E�������'�L�Y�L�V�L�R�Q���S�H�U�L�R�G���H�I�I�L�F�L�H�Q�F�\���� �� 

�!�S
�Û� �P�L�Q

���í
��

�P�N���Q�L�Q�S�X�W�N
���Ã

�6�L�S�N
�W�í

�[�L�S�N
�W

�P�N
�L� �� �� �Ã

�V�F�S�N�O
���W���W������

�]�F�S�N�O
���W���W����������

�Q�L�Q�S�X�W�N
�N�O

����
��

�U�N���O�L�Q�N�N
���Ã

�V�U�S�N
�W��

�\�U�S�N
�W �����Ã

�V�G�S���N�O��
�W

�=�G�S���N�O��
�W

�O�L�Q�N
���N�O�� ��

�U�N
�U� ��

�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������ 

�)�U�R�P�� �W�K�H�� �D�E�R�Y�H�� �U�H�V�X�O�W�V���� �W�K�H�� �R�Y�H�U�D�O�O�� �H�I�I�L�F�L�H�Q�F�\���� �W�K�H�� �S�H�U�L�R�G�� �H�I�I�L�F�L�H�Q�F�\���� �W�K�H�� �G�L�Y�L�V�L�R�Q��

�H�I�I�L�F�L�H�Q�F�\���D�Q�G���G�L�Y�L�V�L�R�Q���S�H�U�L�R�G���H�I�I�L�F�L�H�Q�F�\���D�U�H���R�E�W�D�L�Q�H�G�� 

 3.3. Technology gap ratio (TGR) 
As the meta-frontier model contains g groups, the technical efficiency of the 

meta-frontier (MFE) is less than the technical efficiency of the group frontier (GFE). The 

ratio value, or the technology gap ratio (TGR), is: 
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 3.4. �1�R�Q�S�D�U�D�P�H�W�U�L�F���N�H�U�Q�H�O���G�H�Q�V�L�W�\���H�V�W�L�P�D�W�L�R�Q 
�7�K�L�V�� �S�D�S�H�U�� �D�Q�D�O�\�V�H�V�� �W�K�H�� �G�L�V�W�U�L�E�X�W�L�R�Q�D�O�� �G�\�Q�D�P�L�F�V�� �R�I�� �V�P�D�U�W�� �F�L�W�\�� �G�H�Y�H�O�R�S�P�H�Q�W�� �H�I�I�L�F�L�H�Q�F�\��

�X�V�L�Q�J�� �1�R�Q�S�D�U�D�P�H�W�U�L�F�� �N�H�U�Q�H�O�� �G�H�Q�V�L�W�\�� �H�V�W�L�P�D�W�L�R�Q���� �Z�K�L�F�K�� �L�V�� �D�� �S�U�R�E�D�E�L�O�L�W�\�� �G�H�Q�V�L�W�\�� �I�X�Q�F�W�L�R�Q��
�H�V�W�L�P�D�W�L�R�Q���P�H�W�K�R�G���W�K�D�W���G�R�H�V���Q�R�W���U�H�T�X�L�U�H���D�V�V�X�P�S�W�L�R�Q�V���D�E�R�X�W���W�K�H���I�R�U�P���R�I���W�K�H���G�D�W�D���G�L�V�W�U�L�E�X�W�L�R�Q����
�%�\�� �V�X�S�H�U�L�P�S�R�V�L�Q�J�� �W�K�H�� �N�H�U�Q�H�O�� �I�X�Q�F�W�L�R�Q�� �D�U�R�X�Q�G�� �H�D�F�K�� �G�D�W�D�� �S�R�L�Q�W���� �D�� �F�R�Q�W�L�Q�X�R�X�V�� �S�U�R�E�D�E�L�O�L�W�\��
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�Z�K�H�U�H���Q���L�V���W�K�H���Q�X�P�E�H�U���R�I���V�D�P�S�O�H���R�E�V�H�U�Y�D�W�L�R�Q�V�����G���L�V���W�K�H���G�L�P�H�Q�V�L�R�Q���R�I���[�����; �����������È�; �Q�� �L�V���W�K�H��

�H�I�I�L�F�L�H�Q�F�\�� �Y�D�O�X�H�� �R�I�� �H�D�F�K�� �S�U�R�Y�L�Q�F�H�����[�� �L�V�� �W�K�H�� �P�H�D�Q�� �Y�D�O�X�H���� �D�Q�G���. �������� �L�V�� �W�K�H�� �N�H�U�Q�H�O�� �G�H�Q�V�L�W�\��
�H�V�W�L�P�D�W�L�R�Q�� �I�X�Q�F�W�L�R�Q�� �Z�L�W�K�� �E�D�Q�G�Z�L�G�W�K�� �K���� �&�K�D�Q�J�H�V�� �L�Q�� �W�K�H�� �K�H�L�J�K�W�� �R�I�� �W�K�H�� �N�H�U�Q�H�O�� �G�H�Q�V�L�W�\�� �F�X�U�Y�H�
�V��
�S�H�D�N�� �U�H�I�O�H�F�W�� �W�K�H�� �G�H�J�U�H�H�� �R�I�� �F�O�X�V�W�H�U�L�Q�J�� �L�Q�� �V�P�D�U�W�� �F�L�W�\�� �G�H�Y�H�O�R�S�P�H�Q�W�� �H�I�I�L�F�L�H�Q�F�\���� �$�� �K�L�J�K�H�U�� �S�H�D�N��
�L�Q�G�L�F�D�W�H�V���J�U�H�D�W�H�U���F�R�Q�F�H�Q�W�U�D�W�L�R�Q���R�I���W�K�H���G�D�W�D�����7�K�H���Q�X�P�E�H�U���R�I���S�H�D�N�V���U�H�I�O�H�F�W�V���W�K�H���F�R�Q�Y�H�U�J�H�Q�F�H���R�U��
�S�R�O�D�U�L�V�D�W�L�R�Q�� �S�K�H�Q�R�P�H�Q�R�Q�� �R�I�� �H�I�I�L�F�L�H�Q�F�\���� �V�L�Q�J�O�H�� �S�H�D�N�� �U�H�I�O�H�F�W�V�� �W�K�H�� �H�I�I�L�F�L�H�Q�F�\�� �G�L�V�W�U�L�E�X�W�L�R�Q�� �R�I��
�K�R�P�R�J�H�Q�H�R�X�V���J�U�R�X�S�V�����D�Q�G���P�X�O�W�L�S�O�H���S�H�D�N�V���U�H�I�O�H�F�W���W�K�H���H�I�I�L�F�L�H�Q�F�\���G�L�V�W�U�L�E�X�W�L�R�Q���R�I���G�L�I�I�H�U�H�Q�W���O�H�Y�H�O�V��
�R�I�� �P�X�O�W�L�S�O�H�� �V�X�E�J�U�R�X�S�V���� �7�K�H���S�R�V�L�W�L�R�Q���R�I���W�K�H�� �P�D�L�Q���S�H�D�N�� �U�H�I�O�H�F�W�V�� �W�K�H�� �F�R�Q�F�H�Q�W�U�D�W�L�R�Q���W�U�H�Q�G���R�I�� �W�K�H��
�G�D�W�D�����&�K�D�Q�J�H�V���L�Q���W�K�H���O�H�Q�J�W�K���R�I���W�K�H���O�H�I�W���D�Q�G���U�L�J�K�W���W�U�D�L�O�L�Q�J���W�D�L�O�V���R�I���W�K�H���F�X�U�Y�H���U�H�I�O�H�F�W���F�K�D�Q�J�H�V���L�Q���W�K�H��
�J�D�S���L�Q���W�K�H���H�I�I�L�F�L�H�Q�F�\���R�I���V�P�D�U�W���F�L�W�\���G�H�Y�H�O�R�S�P�H�Q�W�� 

 3.5. �&�H�Q�W�U�H���R�I���J�U�D�Y�L�W�\���P�R�G�H�O 
�7�R�� �X�Q�G�H�U�V�W�D�Q�G�� �W�K�H�� �F�K�D�U�D�F�W�H�U�L�V�W�L�F�V�� �R�I�� �W�K�H�� �V�S�D�W�L�D�O�� �G�L�V�W�U�L�E�X�W�L�R�Q�� �R�I�� �H�I�I�L�F�L�H�Q�F�\�� �D�Q�G�� �W�K�H�� �W�U�H�Q�G�� �R�I��

�F�K�D�Q�J�H���� �W�K�L�V�� �S�D�S�H�U�� �X�V�H�V�� �W�K�H�� �F�H�Q�W�U�H�� �R�I�� �J�U�D�Y�L�W�\�� �P�R�G�H�O�� �W�R�� �R�E�V�H�U�Y�H���W�K�H�� �P�R�Y�H�P�H�Q�W�� �S�D�W�K�� �R�I�� �W�K�H��
�H�I�I�L�F�L�H�Q�F�\���J�U�D�Y�L�W�\���F�H�Q�W�U�H�����7�K�H���F�H�Q�W�U�H���R�I���J�U�D�Y�L�W�\���U�H�I�O�H�F�W�V���W�K�H���S�R�L�Q�W���W�K�D�W���N�H�H�S�V���W�K�H���H�I�I�L�F�L�H�Q�F�\���O�H�Y�H�O���R�I��

�H�D�F�K���S�U�R�Y�L�Q�F�H���E�D�O�D�Q�F�H�G���L�Q���D�O�O���G�L�U�H�F�W�L�R�Q�V�����'�X�U�L�Q�J���W�K�H���V�W�X�G�\���S�H�U�L�R�G�����S�U�R�Y�L�Q�F�H�V���Z�L�W�K���K�L�J�K�H�U���H�I�I�L�F�L�H�Q�F�\��
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�H�O�O�L�S�V�H�� �D�U�H�D�� �L�V���� �W�K�H�� �V�P�D�O�O�H�U�� �W�K�H�� �V�W�D�Q�G�D�U�G�� �G�L�V�W�D�Q�F�H�� �R�I�� �;�� �D�[�L�V�� �D�Q�G�� �<�� �D�[�L�V�� �L�V���� �L�Q�G�L�F�D�W�L�Q�J�� �W�K�H�� �V�W�U�R�Q�J�H�U��
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�V�W�D�Q�G�D�U�G���G�H�Y�L�D�W�L�R�Q�����D�Q�G���D�E�R�X�W�����������R�I���W�K�H���G�D�W�D���F�D�Q���E�H���F�R�Y�H�U�H�G���� �� 

4. Indicator selection and data description 
In line with the principles of scientific rigour and comprehensiveness, this study 

constructs AI technology development efficiency based on three dimensions, including 
environmental support, industrial development, and technological innovation. The evaluation 
system of smart city development efficiency is constructed from six dimensions, including 
smart technology, smart economy, smart citizen, smart governance, smart environment, and 
smart transport. The definition of each dimension is shown in Table 3. Specific indicators for 
each stage of the system are shown in Table 1 in 3.1. 

This study uses data from 30 provincial-level regions in China from 2018 to 2023. Due 
to missing data, Xinjiang is excluded from the analysis. Individual missing values are filled in 
using the exponential smoothing method. There are significant differences in regional 
economic development levels across China. In order to avoid the "masking effect" of 
developed regions on the overall analysis, and to ensure that provinces at different stages of 
development can be fairly assessed, four regional groupings, namely Northeast, East, Central, 
and West, are used in assessing the level of smart city development. This grouping is 
consistent with the "four sectors" that have long been used in China's official statistics and 
regional policies. The specific samples and groupings are shown in Table 4. 

The data used come from �&�K�L�Q�D�� �6�F�L�H�Q�F�H�� �D�Q�G�� �7�H�F�K�Q�R�O�R�J�\�� �'�D�W�D�E�D�V�H���� �&�K�L�Q�D��
�0�D�F�U�R�H�F�R�Q�R�P�L�F�� �'�D�W�D�E�D�V�H�����&�K�L�Q�D�� �+�L�J�K-�7�H�F�K�� �,�Q�G�X�V�W�U�\�� �'�D�W�D�E�D�V�H�����&�K�L�Q�D�� �(�G�X�F�D�W�L�R�Q�� �6�W�D�W�L�V�W�L�F�V��
�'�D�W�D�E�D�V�H���� �&�K�L�Q�D�� �8�U�E�D�Q�� �D�Q�G�� �5�X�U�D�O�� �'�H�Y�H�O�R�S�P�H�Q�W�� �6�W�D�W�L�V�W�L�F�V�� �'�D�W�D�E�D�V�H���� �D�Q�G�� �&�K�L�Q�D�� �8�U�E�D�Q�� �D�Q�G��
�5�X�U�D�O�� �'�H�Y�H�O�R�S�P�H�Q�W�� �6�W�D�W�L�V�W�L�F�V�� �'�D�W�D�E�D�V�H���� �'�D�W�D�E�D�V�H���� �&�K�L�Q�D�� �8�U�E�D�Q�� �D�Q�G�� �5�X�U�D�O�� �'�H�Y�H�O�R�S�P�H�Q�W��
�'�D�W�D�E�D�V�H���� �&�K�L�Q�D�� �0�D�F�U�R�H�F�R�Q�R�P�L�F�� �6�W�D�W�L�V�W�L�F�V�� �'�D�W�D�E�D�V�H���� �&�K�L�Q�D�� �6�W�R�F�N�� �0�D�U�N�H�W�� �	�� �$�F�F�R�X�Q�W�L�Q�J��
�5�H�V�H�D�U�F�K�� �'�D�W�D�E�D�V�H�� ���&�6�0�$�5������ �'�D�W�D�E�D�V�H���� �&�K�L�Q�D�� �0�D�F�U�R�H�F�R�Q�R�P�L�F�� �6�W�D�W�L�V�W�L�F�V�� �'�D�W�D�E�D�V�H���� �&�K�L�Q�D��
�6�W�R�F�N�� �0�D�U�N�H�W�� �	�� �$�F�F�R�X�Q�W�L�Q�J�� �5�H�V�H�D�U�F�K�� �'�D�W�D�E�D�V�H�� ���&�6�0�$�5���� The descriptive statistics of the 
data for each indicator are presented in Appendix Table A1. The minimum coefficient of 
variation (C.V.) is 0.17, occurs for the smart governance output index in the SC stage, 
indicating that the distribution of this index is relatively concentrated over the study period. 
On the contrary, the index at the AI stage has a higher fluctuation relative to its mean value. 
This indicates that the index has significant variation characteristics and can provide valuable 
information, verifying that it is necessary to incorporate AI technical indicators in the smart 
city system. 
Table 3 
Definition of smart city development efficiency indicators. 



Indicator Definition Reference 

AI technology development 

Environmental 

support 

Measures the basic support conditions for AI 

technology development, reflecting regional policy 

support and market environment for AI technology 

R&D and application. 

���.�R�X�U�W�L�W�� �H�W�� �D�O������ ������������

�.�R�X�U�W�L�W�� �H�W�� �D�O������ ������������ �6�X�� �H�W��

�D�O���������������� 

Industrial 

development 

Assesses the application of AI technology in actual 

industries, covering the level of industrial 

intelligence, enterprise informatisation and the 

market performance of high-tech industries. 

���&�K�D�R���H�W���D�O�������������������<�H���H�W���D�O������

������������ �=�K�D�Q�J�� �D�Q�G�� �'�H�Q�J����

���������� 

Technological 

innovation 

Measures the R&D input and innovation output in 

the AI field, reflecting the originality and 

competitiveness of regional AI technology. 

���.�R�F�L�V�R�Y�D���H�W���D�O�������������������/�L�X��

�H�W�� �D�O������ ������������

�:�R�M�H�Z�Q�L�N-�)�L�O�L�S�N�R�Z�V�N�D�� �H�W��

�D�O������ ������������ �;�X�� �D�Q�G�� �/�L�Q����

���������� 

Smart city development 

Smart 

technology 

�0�H�D�V�X�U�H�V�� �W�K�H�� �L�Q�Y�H�V�W�P�H�Q�W�� �D�Q�G�� �H�I�I�H�F�W�L�Y�H�Q�H�V�V�� �R�I�� �V�P�D�U�W��

�F�L�W�L�H�V�� �L�Q�� �,�&�7�� �L�Q�I�U�D�V�W�U�X�F�W�X�U�H���� �V�P�D�U�W�� �D�S�S�O�L�F�D�W�L�R�Q��

�G�L�I�I�X�V�L�R�Q�����D�Q�G���L�Q�Q�R�Y�D�W�L�Y�H���5�	�'�� 

���$�E�X-�5�D�\�D�V�K�� �D�Q�G�� �'�L�Q�F�H�U����

������������ �$�O�G�H�U�H�W�H���� ������������

�.�D�L�U�X�L�����������������<�H�����&�K�H�Q�����/�L����

�/�L���D�Q�G���<�L�Q�������������� 

Smart economy  Assesses �W�K�H���L�Q�W�H�O�O�L�J�H�Q�F�H���O�H�Y�H�O���L�Q���W�K�H���F�L�W�\�
�V���H�F�R�Q�R�P�L�F��

�V�W�U�X�F�W�X�U�H���� �L�Q�F�O�X�G�L�Q�J�� �W�K�H�� �G�H�Y�H�O�R�S�P�H�Q�W�� �R�I�� �W�K�H�� �V�P�D�U�W��

�H�F�R�Q�R�P�\���� �W�K�H�� �V�K�D�U�H�� �R�I�� �L�Q�Q�R�Y�D�W�L�Y�H�� �L�Q�G�X�V�W�U�L�H�V���� �D�Q�G�� �W�K�H��

�L�P�S�D�F�W�� �R�I�� �H�P�S�O�R�\�P�H�Q�W�� �T�X�D�O�L�W�\�� �R�Q�� �U�H�V�L�G�H�Q�W�V�¶�� �T�X�D�O�L�W�\��

�R�I���O�L�I�H�� 

���$�E�X-�5�D�\�D�V�K�� �D�Q�G�� �'�L�Q�F�H�U����

������������ �%�K�D�W�W�D�F�K�D�U�\�D�� �H�W�� �D�O������

���������� 

Smart citizen �5�H�I�O�H�F�W�V�� �W�K�H�� �D�F�F�X�P�X�O�D�W�L�R�Q�� �R�I�� �K�X�P�D�Q�� �D�Q�G�� �V�R�F�L�D�O��

�F�D�S�L�W�D�O�� �L�Q�� �F�L�W�L�H�V���� �L�Q�F�O�X�G�L�Q�J�� �H�G�X�F�D�W�L�R�Q�D�O�� �D�W�W�D�L�Q�P�H�Q�W����

�W�D�O�H�Q�W�� �F�R�Q�F�H�Q�W�U�D�W�L�R�Q���� �F�L�Y�L�F�� �H�Q�J�D�J�H�P�H�Q�W���� �D�Q�G�� �W�K�H��

�G�H�Y�H�O�R�S�P�H�Q�W���R�I���O�L�I�H�O�R�Q�J���O�H�D�U�Q�L�Q�J���V�\�V�W�H�P�V�� 

���$�O�G�H�U�H�W�H���� ������������ �.�D�L�U�X�L����

�������������6�U�R�N���H�W���D�O���������������� 

Smart 

governance  

�0�H�D�V�X�U�H�V�� �W�K�H�� �L�Q�W�H�O�O�L�J�H�Q�F�H�� �D�Q�G�� �H�I�I�L�F�L�H�Q�F�\�� �R�I��

�J�R�Y�H�U�Q�P�H�Q�W�� �J�R�Y�H�U�Q�D�Q�F�H���� �F�R�Y�H�U�L�Q�J�� �J�R�Y�H�U�Q�P�H�Q�W��

�W�U�D�Q�V�S�D�U�H�Q�F�\���� �6�H�U�Y�L�F�H�� �V�X�S�S�O�\�� �F�D�S�D�F�L�W�\���� �V�H�U�Y�L�F�H��

�U�H�V�S�R�Q�V�L�Y�H�Q�H�V�V���D�Q�G���V�H�U�Y�L�F�H���L�Q�W�H�O�O�L�J�H�Q�F�H�� 

���$�O�G�H�U�H�W�H���� ������������

�%�K�D�W�W�D�F�K�D�U�\�D����

�%�K�D�W�W�D�F�K�D�U�\�D�����0�F�O�H�O�O�D�Q���D�Q�G��

�7�H�]�X�N�D���� ������������ �<�X�H�� �H�W�� �D�O������

���������� 

 

Smart 

environment  

�$�V�V�H�V�V�H�V�� �W�K�H�� �L�Q�W�H�O�O�L�J�H�Q�F�H�� �D�Q�G�� �V�X�V�W�D�L�Q�D�E�L�O�L�W�\�� �R�I�� �F�L�W�\�
�V��

�H�Q�Y�L�U�R�Q�P�H�Q�W�D�O�� �P�D�Q�D�J�H�P�H�Q�W���� �L�Q�F�O�X�G�L�Q�J�� �H�Q�H�U�J�\��

�D�S�S�O�L�F�D�W�L�R�Q�� �L�Q�W�H�Q�V�L�W�\���� �U�H�V�R�X�U�F�H�� �U�H�F�\�F�O�L�Q�J���� �S�R�O�O�X�W�L�R�Q��

�P�R�Q�L�W�R�U�L�Q�J�� �D�Q�G�� �W�K�H�� �H�I�I�H�F�W�L�Y�H�Q�H�V�V�� �R�I�� �L�P�S�O�H�P�H�Q�W�L�Q�J��

�H�F�R�O�R�J�L�F�D�O���S�U�R�W�H�F�W�L�R�Q���P�H�D�V�X�U�H�V�� 

���.�X�W�W�\�� �H�W�� �D�O������ ������������

�6�X�J�D�Q�W�K�L�����������������7�R�K�������������� 

Smart 

transportation  

�(�[�D�P�L�Q�H�V�� �W�K�H�� �L�Q�W�H�O�O�L�J�H�Q�F�H�� �D�Q�G�� �H�I�I�L�F�L�H�Q�F�\�� �R�I�� �F�L�W�\�
�V��

�W�U�D�Q�V�S�R�U�W���V�\�V�W�H�P�V�����F�R�Y�H�U�L�Q�J���W�K�H���H�I�I�H�F�W�L�Y�H�Q�H�V�V���R�I���V�P�D�U�W��

�W�U�D�Q�V�S�R�U�W�� �L�Q�I�U�D�V�W�U�X�F�W�X�U�H���� �W�U�D�I�I�L�F�� �R�S�W�L�P�L�V�D�W�L�R�Q�� �D�Q�G�� �W�K�H��

�S�U�R�P�R�W�L�R�Q���R�I���V�X�V�W�D�L�Q�D�E�O�H���W�U�D�Q�V�S�R�U�W���P�R�G�H�V�� 

���%�K�D�W�W�D�F�K�D�U�\�D����

�%�K�D�W�W�D�F�K�D�U�\�D�����0�F�O�H�O�O�D�Q���D�Q�G��

�7�H�]�X�N�D�������������� 



 
Table 4  
Area classification. 

 Area  Cluster  Provinces 

 Eastern  1 
Beijing, �7�L�D�Q�M�L�Q, �+�H�E�H�L, �6�K�D�Q�J�K�D�L, �-�L�D�Q�J�V�X, �=�K�H�M�L�D�Q�J, �)�X�M�L�D�Q, �6�K�D�Q�G�R�Q�J, 

�*�X�D�Q�J�G�R�Q�J, �+�D�L�Q�D�Q 

 Central  2  Shanxi, �$�Q�K�X�L, �-�L�D�Q�J�[�L, �+�H�Q�D�Q, �+�X�L�E�H�L, �+�X�Q�D�Q 

 West  3 
 Neimenggu, �*�X�D�Q�J�[�L, �&�K�R�Q�J�T�L�Q�J, �6�L�F�K�X�D�Q, �*�X�L�]�K�R�X, �<�X�Q�D�Q, �;�L�]�D�Q�J, 

�6�K�D�D�Q�[�L, �*�D�Q�V�X, �4�L�Q�J�K�D�L, �1�L�Q�J�[�L�D 

 Northeast  4  Liaoning, �-�L�O�L�Q, �+�H�L�O�R�Q�J�M�L�D�Q�J 
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�� ���������3�R�O�L�F�\���5�H�F�R�P�P�H�Q�G�D�W�L�R�Q�V 
Enhancing the development potential of AI technology driven by scientific innovation is 

crucial. This paper finds that key indicators within AI technology are a significant source of 
inefficiency in smart cities. To solidify the development impact of smart cities, it is necessary 
to increase investment in AI R&D and attract more R&D talent. Drawing lessons from 
Shanghai, it is essential to avoid technological discontinuities. Strengthening the coordinated 
development of AI technology across regions is also critical.  

Formulating differentiated regional strategies is essential. The policy objectives should 
focus on consolidating the advantages of SC while optimising the transformation of AI 



technology. For the eastern region, the emphasis should be on advancing core technological 
breakthroughs and establishing a technology �H�[�S�R�U�W�� �P�H�F�K�D�Q�L�V�P���� �)�R�U�� �W�K�H�� �F�H�Q�W�U�D�O�� �U�H�J�L�R�Q����
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