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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, environmentaiopgllut
resource constraints and other systemic "urban diseases". In this context, thecthonsif
smart cities has become a key path to solve chronic urban diseases and pra@iotbkis
development /LIHOR HWOD Gne hand, it realises the dynamic and optimal allocation
of urban resources through the in-depth application of loT, big data, Al dret ot
technologies. On the other hand, it directly drives the development @il angitistry clusters,
drives scientific and technological innovations, and fosters new economic grawtX HW D O

. This transformation logic has been proven globalkijties such as Singapore and
Copenhagen have significantly improved their international competitivenesgythsmart
upgrading. Therefore, the promotion of smart city constructidd & K@ Pnly a realistic
need to tackle the challenges of urbanisation but also a strategic choicezdotleei
commanding heights of future development.

In recent years, Al technology has significantly improved the effectivenesgan
governance by optimising resource allocation and empowering intelligent deciskbmgmit
has become the core engine driving the upgrading of smart cities. The amplichtAl
technology in smart cities spans various areas, including the collection andsaohlydian
data, LQIUDV WU XFW X U brbarP plghbinhH &nhHl QI¥¥ign, urban intelligent
transportation, environmental detection, disaster warning, intelligent seanditymart home
etc $OVXEDL HW DO &KHQ DQG =KDQJ yD@sJaHW DO
specific example, Al technology can significantly reduce traffic congestion by 20#g
peak hours by regulating intersection signals and controlling traffic flol U D-RSICF@RD U HW
DO . This demonstrates the close relationship between Al technology and smart cities.
Al not only enhances the intelligence of cities but also promotes sustaileaielepment and
safety management, making smart cities more efficient, convenient, and livablevét, the
application of Al in cities also presents potential drawbacks, such as fiacdiment of
traditional jobs, leading to unemployment. Furthermore, the collection ofrriafmn and
data by Al raises privacy concemn$s UDXQ HW DO

It is evident that the rapid development of Al technology is transfgrnthe
construction model of smart cities. An important issue arising fromighisat, against the
backdrop of uneven regional development in China, factors such as imbataecesomic
foundations, industrial structures, computing infrastructure, talent cortb@mtrand policy
support have exacerbated inequalities in the penetration of Al technologygléadegional
disparities in Al technology +DPPHUVFKPLGW Th&vef@d in this process, the
uneven regional development of Al technology may give rise to a new smart divide.
Specifically, due to the differentiation of Al technology, regions with leadingechnology
will emerge alongside those lagging behind. As this differentiation widensffitiency gap
in Al technology between regions will continue to expand. Regions with leading Al
technology will benefit from Al-driven advancements, further enhancing theirt st
development, while regions with lagging Al technology will face obstacléseio smart city
development due to their low Al standards, potentially even offsetting the losficency
of smart city construction 6 KX HW D @he combination of Al-driven technological
differentiation and SC amplification exacerbates AISC system diffatamti(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 divedshown in Fig. 1. A study

by SFHPRJOX DQG 5Honwhel HS Rbour market reveals the "double-edged sword
effect" of technological change: while Al can enhance productivity, i ftot sufficiently
adapted to the region, it may lead to the replacement of low-skilledbjoBautomation”.

Their finding that "automation replaces low-skilled jobs" and exacerbates irneoqulity
provides theoretical support for the risk of a smart divide. This parafl positive and
negative impacts carried by Al also suggests the need for a more refineéneffici
assessment framework, which is why this paper incorporates Al technologies in theitymar
development assessment framework.

Al promoting smart

Al technology city development
leading regions
\ + M
Al technology SC AISC system o
differentiation differentiation differentiation Smart divide

Al technology u

lagging regions Al hindering smart

city development

Note: H-AI refers to high-efficiency AL L-Al refers to low-efficiency Al
)L 7KH IRUPDWLRQ RI WKH VPDUW GLYLGH

Amina Mohammed, Deputy Secretary-General of the United Nations, warned at the UN
General Assembly that if the international community does not aisidly, the digital
divide will become the "new face of inequalitya R V W D. In the context of Smart Cities,
the digital divide manifests at three levels: the Access Divide (diferem infrastructure
accessibility), the Literacy Divide (differences in the ability use digital skills and
capabilities), and the Smart Divide (social inequalities and injustices ccdnyseore Al
technologies). It can be seen that the Smart Divide is a more integratgolex and hidden
advanced stage of the digital divide in the smart era.

Previously, China largely played the role of a follower in the pre-accesstenady
chasm stages, both in terms of theoretical research and public policy. Hoagwehina
enters the smart divide periétespecially catalysed by the COVID-19 pandehit is
showing a unique opportunity for innovation breakthroughs. For instance, the "Health Code"
system has achieved 1.4 billion people coverage, highlighting the potentiathnological
inclusion. It is important to note that the smart divide driven by the lofg@apital in the
smart era is only beginning to emerge. We currently know very little abouthiésent
patterns and potential risks<L JL W F D Q O D.UTheé Wpddr@unities and challenges brought
by Al technology to human beings have yet to be observed and resedmdinedface of the
deep divide that may be triggered by the explosive breakthrough of sewhriologies,
humans must prepare for it in the design of governance syst®résL. W\D HW DO &DUDJ
DQGO %R.



The current literature on Al technology and smart cities exhibits several apack of
differential impacts of the dynamic penetration of Al technology oretheiency of smart
cities, the lack of attention to the "smart divide" exacerbated bprttwess 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 paresdigm, t
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 péfjcie
of smart city development from two dimensions. The first stage (Eldiesfty) focuses on
the Al technology level composed of environmental support, industrial develo@nént
technological innovation. The second stage (6S efficiency) measures the efficientgriof s
cities based on the system of smart technology, smart economy, smart ctizanm,
governance, smart environment, and smart transport. This paper further cotiéikemel
density estimation, gravity model and standard deviation ellipse method tottrevdghamic
evolution of Al-driven smart city efficiency across 30 provinces in €Hiom 2019-2023.

This includes analysing the trajectory of efficiency trajectories mmdeof regional
differences and stage efficiencies, identifying the key variables of technologlzalances,
and exploring how technological differences distort efficiency evolution. Gylglarifying
the interaction mechanism of "regional differences - technology penetratidiciensly
evolution - spatial differentiation” can we provide a policy of both resiiemnd
inclusiveness for Al-enabled smart cities. The article framework diagram is shown in Fig. 2.



The New Smart Divide: Efficiency and Spatial-temporal Divergence of Smart
City Development in China under the Role of AI Technology
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Fig. 2. Article framework diagram.
Narrowing regional economic development gaps, addressing the new "smart divide"
triggered by Al technology, and building cities centred around people are cruaakfoing
the long-term effectiveness of smart city development. The main cordributi this study
are as follows(1) Proposed and defined the concept of the "smart divide"¢larified its
formation process, and verified its existence. Mvelopment of a Framework A
framework is proposed to construct a two-stage model of "EIT technologgdtion - 6S
application effectiveness”, which helps to understand the role of Ahinal@ smart city
development. (3Comprehensive Evaluation of Smart Cities Evaluating smatrt cities from
a more comprehensive 6S dimension, incorporating key criteria for smartsggsagent and



development requirements. The 6S system adds "smart citizen" and "smart governme
dimensions (including education expenditure, government transparency index, serplge sup
capacity, etc.) ZKL FK F Rtehderddy ¥/"GMKddly". (4Enriching Evaluation Tools:
The paper enhances the tools for evaluating smart city development efficiencyAdnder
WHFKQRORJ\TV L QI @xXEh@dpyHMetaTvdistBRde RyhEnvic SBM model, which
solves the problems of connectivity among decision-making units, regiornatledifes and
too many variables compared with the results of the traditional single{3t&§emodel. In
this paper, we further conduct a systematic study on the dynamic evolution ofcéignar
efficiency driven by Al, improving the dynamic embedding perspective oé&irtology for
smart city efficiency evaluation. (Policy Recommendations 7 K. \&5 D SrbliidesSletailed
information to alert managers to formulate differentiated and forwardAgagbolicies 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 ressi Machines
Corporation (IBM) in 2010, emphasising the Internet of Things (1oT) as the coréli@tac
the synergy between urban subsysten8ODKL HW DQ &KLQDTV OLQLVWU\
Housing and Urban-Rural Development, Ministry of Industry and Information Technology,
and other relevant agencies incorporated smart cities into national policy and lapihahed
initiatives. Early smart city research focused on the application of infamggchnology to
make cities smarter through infrastructure DUULVRQ HW DQ&DQJ . Rince
2015, China has broken away from the IBM model and shifted to its path charadbgrised
"new smart cities" withD'people-centred orientation”, placing greater emphasis on enhancing
FLWL]JHQVY VHQVH RHbeimFFKYNQR QISP LZ HHGVD May 2024, four
departments of the National Development and Reform Commission, the Mifigtigance
and the Ministry of Natural Resources jointly formulated @wdelines on Deepening the
Development of Smart Cities and Promoting the Digital Transformatioitie@®lationwide
which emphasised the need for smart cities to be promoted in "the \atede 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 thahewith
support of new-generation information technology (e.g., 10T, big data, and Algscaurt
real-time sensing, interconnection and sharing, and intelligent analysis of key inforofat
the core system of urban operation, to comprehensively integrate urbarcessana provide
citizens with more convenient and efficient social services and more sciantif intelligent
urban management.

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

(a) Evaluating the implementation effects of smart city pilot pedicChinese scholars
mostly focus on the impact of smart city construction on economic lesjauch as regional
employment and income, total factor productivity, and technological innovaB0kHQ HW DO

/L HW DO /ILQJ HW DO 6RQJ HWDR&XL . 6RQJ HW I
However, fewer studies directly assess the construction outcomes of sieartheselves.
In terms of research methodology, the Differences-in-Differences(iDuasi-natural
experiments is commonly adoptedL D HW D.®his approach has a significant limitation.



(1]

It simply divides smart city implementation into a binary state of"'ges "no", ignoring the
variability of policy intensity, resource investment, and depth of technologjcaion in
different regions.$OODP D QG 'K XgQea3tioned the use of the DID model in smart city
assessment, with the central point being that the essence of a cigitnéss’ is not in its
labelling, but in how effectively the technology connects with local sysimmis meets
citizensfneeds. In the Chinese context, sample selection bias is another key pidalem.
studies delineated the scope of the study solely based on the three pilot listseputyy the
Ministry of Housing and Urban-Rural Development (2012-2014, about 150 pretdeta
cities). In reality, China's smart city pilots involve multiple levels dfmaistrative units.
When cross-sectoral pilots are included, the total number of participati®g?overing
prefectures, municipal districts, and county-level uhigpproaches 900. Therefore, this
assessment method cannot fully reflect the real implementation effaatiohal smart city
policies. There may be sample selection bias that underestimates the impacpalicy on
small and medium-sized cities and county areas. Moreover, it overlooks the hetgyoigen
smart city development across different city types.

(b) Research on the difficulties and solutions in smart city constructione Sonolars
have focused on the theoretical level to analyse the practical difficultiebraakthrough
paths of smart city construction. Existing studies have pointed out that iegumtion of
smart cities faces multidimensional structural dilemmas. At the itadhevel, there is the
problem of "data silos" caused by the administrative system, and a largetarhdata has
not been transformed into regular knowledgeD QJ DQG ;X /L. Fheve &r©
also insufficient infrastructure sharing, privacy leakage and security isSU@OM@ER Q HV

6LQJK HW. & @he institutional level, there is a lack of top-level desigrdyar

to cross-industry and cross-business cooperation, and a lack of a sound mechanism for
balancing interests <DQ HW D this regard, scholars have proposed a systematic
framework of countermeasures. This includes improving the systematic pghioyrs system
through national strategies, breaking down data barriers through institutinoghtion, city
governments, and effectively transforming functions so that urban residerite@ame the
centre of the city 6 NXELV HWNOBtably, 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 participatoB UHVWRQ HW DOIOQGLHEHWKHQJ

(c) Research on smart city assessment systems. Smart city assessmentesgsrch
has experienced a paradigm shift from a single dimension to systemtiotegi@ming D Q
HY D O XD W L R QovadiimgPtilfiReJdimensions/ RPEDUGL HW DO .Some4dLDQ HW D
studies focus on single application scenarios, such as smart education publie s
evaluation, and smart building evaluatidhR O Q D U 6RDEEDEDYLFLHQH
To break through the fragmentation limitation& XD Q GDQJ constructed a
multidimensional smart city building evaluation index system, with human kapita
infrastructure, and capital investment as inputs, and the four dimensionsro§saenment,
smart economy, smart life, and smart humanistic literacy as outputsevidgwhis study
remains theoretical and does not evaluate the actual outcomes of dgnaxnstruction.
Since the evaluation objects are all multiple cities, the indicator systemdifferent
application levels lack evaluation indicators that reflect the characteristibe oities :D Q J



DQEKHQJ . /LX points out that ignoring this urban heterogeneity can lead to
unfair evaluation results, especially for some evaluation work the¢séhe government's
performance appraisal.

Although existing studies have extensively explored the policy effects and developmen
paths of smart cities, and the computer field has confirmed the potentiEdprintegration
of Al and urban systemsODQPDQ HW, Dhé@e are three main gaps in the academic
focus. First, most studies overlook the differential impact of the dynamic penew&tidn
technologies on the efficiency of smart citie% RNBDRGIWHR QJ . Second, while some
literature examines the process and drawbacks of Al application in stiemt c* X R
800ODK HW, DeGs attention has been paid to the institutional adaptability of Al
technologies to smart cities, especially the lack of attention to the diviaie that may be
created. Technically, "Al+Big Data" needs to be further improved in terms of sityadata
governance =KRX HW D ®or example, mountainous cities are forced to reduce
deployment density due to the high energy consumption of visual 10T devices, which in tur
widens the governance capability gap with developed regioas *KD W L H.Wh® &mart
Divide emerges when the application of Al technologies within cities inSteadases
regional inequalities. Thirdly, there is an absence of the citizen and government dimensions of
multidimensional evaluation in smart city assessment Q JHQVRQ HYW QROR
argues that the tendency towards technological determinism in smart city asgesssks
the role of institutional fithess. Under the guise of "efficiency" angtiffusation”, social
issues are reduced to mere technological problems, neglecting the impoftdeagooratic
participation and social equity.
3. Modelling and methodology

,Q Tone S U R StRev$laeks-Based Measure (SBM) model, which uses slacks as
the basis of measurement, takes into account the slack between inputs pand, @utd
presents the SBM efficiency in a non-radial estimation mode and scaRIQH . Tone
and Tsutsui (2009) then propose a weighted slack-based measures network datenentvelop
analysis model, which takes the linkage between the various departments of the
decision-making unit as the analytical basis of the network DEA model,raat$ teach
department as a sub-division. The linkage between the departments di@nd®aking unit
is used as the basis of the network DEA model, and each department is eonaiiex
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 mehmaesc
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 deparareent
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 issuestoelated
regional differences and an excessive number of variables. To resolve this, gais pa
LOQOWHIJUDWHY 6KDQQRQYV (QWURS\ ZLWK WKH G\QDPLF C
Tsutsui (2014) and the meta-frontier model of O'Donnell et al. (2008) to proposedribggyEn
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 assessmemexifydapplied to the DEA



model.To address this limitation, this paper introduces the information gritrepry, using
6 KD Q QR Q ®Nktropy method to perform dimensionality reduction and comprehensive
guantification of multidimensional indicators. Table 1 presents the iodscaised in this
paper, indicating whether each input and output indicator has been processgdhe
entropy method, along with the detailed indicators synthesized through thisgrdde
average weight of each index using entropy method is also listed in theSadae.this is
only an auxiliary method for this study, the detailed steps of the entiethyod are shown in

Appendix A.
Table 1
Indicators for each stage.
Dimension | Symbol | Entropy | Detailed indicators | Weight
Al technology development
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
. - : 0.1418
information technology services (persons)
Inputl | Yes - - - -
Equivalent full-time equivalents of R&D personnel in
. : ; . 0.2083
Environment high-tech industries (persons)
support Mobile phone penetration rate (%) 0.0694
Fixed asset investment in information transmission,
. - - 0.0703
computer services and software industry (billion yuan)
New product development projects in high-tech industry
) 0.6163
Outputl | Yes (items)
P Length of long-distance fibre-optic cable lines (km) 0.1819
Internet broadband access ports (ten thousand units) 0.2018
Technical production (units)* 0.1707
Computers used by enterprises at year-end (units) 0.1378
Enterprise-owned websites (units) 0.1320
Input2 | Yes - —
Industrial Expend!ture on new prodL_Jct developmen_t (mlllqu yuan 0.2720
development 5S§§)ndlture on technological transformation (million 0.2874
Main business revenue (billion yuan) 0.3919
Output2 | Yes Total profit (billion yuan) 0.3655
Artificial Intelligence Enterprises (units) 0.2427
Input3 No External R&D expenditure (million yuan)
Scientific papers indexed by major retrieval tools (pape 0.1452
Technology ,(Ai\tr:r?g;ll Intelligence Patent Application and Acquisition 0.2565
Innovation Output3 | Yes Sales Revenue of New Products Developed by High-Te
) -~ 0.3117
Industries (million yuan)
Software business revenue (billion yuan) 0.2866
Smart city development
Internet development-number of domain names (ten
- 0.5182
noutl | Yes thousand units)
P Length of fibre optic cable lines (km) 0.2523
Mobile phone base stations (million units) 0.2294
Smart technolog : - - -
Proportion of enterprises with e-commerce trading 0.3060
outout1 | Yes activities (%) )
P Total telecommunications business (billion yuan) 0.3768
Mobile phone subscribers &iH BHUQ®illion households) 0.3173
Input2 No Expenditure on science and technology (million yuan)
Revenue of innovation industry (million yuan) 0.2724
Innovation R&D patents (units) 0.2185
Smart economy output2 | Yes Zzgcentage of enterprises carrying out innovation activi 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, 0.5944
software and information technology services (%) )
Proportion of personnel in scientific research and techn 0.3212
services (%) )
Input4 | No General public services (million yuan)
Government Transparency Index 0.2909
Smart - -
governance | Outputd| Yes Serv!ce Supply C_apacny Index 0.2088
Service Responsiveness Index 0.2852
Service Intelligence Capability Index 0.2151
Input5 | No Environmental protection expenditure (million yuan)
Energy Intensity (tonnes of standard coal/million yuan) 0.0764
Waste gas emissions (tonnes/million yuan) 0.0642
Smart Carbon d_ipxid_e emissions (tonnes) 0.0857
environment Outputs | Yes 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
Input6 No Transportation expenditure (million yuan)
Land used for transportation (million hectares) 0.1880
Smart Total passenger volume (10,000 persons) 0.2373
transportation | Output6| Yes Total freight volume (million tonnes) 0.2352
Railway operating mileage (km) 0.1617
Highway mileage (km) 0.1778

&DOFXODWLRQ %DVHG RQ WKH QXPEHU RI WQGEAWWIKD@DUREF
SXEOLVKHG E\ ,5) $OOLDQFH FROOHFW WKH SHWKHWIBEMR B IWHRP S O R\
WKH WRWDO HPSOR\PHQW LQ WKH ZKROH FRXQRRN IDREG WHW SKKLH)I
UHVXOW IURP WMKHH SHXPAEHUWRIJHRERWY LQVWDOOHG LQ HDFK LQGXV!

322.(QWURS\VZRHWDJIW G\QDPLF 6%0 PRGHO
3.2.1 Symbol description
Fig. 3 shows the efficiency framework of China's smart city development éxder
technology, where the input or output indicators with 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
DUWLILFL D GAI) teahndiap® dedéldpriraht stage and the smart city (SC) development
stage. In the Al stage, there are three inputs and outputs dimensions: environnpgatd su
industrial development, and technological innovation. In the SC stage, there apusxand
outputs dimensions: smart technology, smart economy, smart citizen, smanmagaesr
smart environment, and smart transport. The outputs of the Al stagesarecghrded 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 perisdinkeéd to the
next t+1 period through carry-over simultaneously. IBgtand | represent the inputs and
outputs in each k stage, wittN K represents the period from Kk to Wy is the k and h
division set. The definitions of inputs, outputs, links and carry-over arenatised in Table
2 below.
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o ~
Outputl(t) 4}
Output2(t) ‘:

i

Inputl(t+1) &

D_“:Tf " Input2(t+1)

O Input3(t+1)

r \fs\/ Inputd(t+1)

Tnputl(t) & A . s N 5 InputS(t+1)
Input2(t) A’\/ Inputb(t+1)

Inputs®) FF
r o

Inputl(ee1) &
Input(t-1) &
[{Ml Input3(t1)

t+1 p

) LJ Efficiency framework.



Table2
Variable symbols.

,QSXW V% L «PyR «QON «. W «7 UHIHUV WBW QWWPWVIRMOBLRGLYLNLRQ
AN L Environmental support-inpuit 6WDJH ¢ ,1%y L Smart technology-input
6WDJH $, L Industrial development-input L ([SHQGLWXUH RQ VFLHQFH DQG \
L (IWHUQDO 5 "' H[SHQGLWXUH L (GXFDWLRQ H[SHQGLWXUH
L *HQHUDO SXEOLF VHUYLFHV
L (QYLURQPHQWDO SURWHFWLRQ
L 7JUDQVSRUWDWLRQ H[SHQGLWXU|
2XWSXWV 288 U « 4R «QN «. W «7 UHIHUV WR RXWSXWRW & Q GULYPLHW SRIQ LR G
2870 U Environmental support-output 6WDJH ¢ 287 s U Smart technology-output
6WDJH $, U Industrial development-output U Smart economy-output
U Technological innovation-output U Smart citizen-output
U Smart governance-outpxit
U Smart environment-output
U Smart transportation-outpxt
/ILQNV /1‘(’3"FN< B G «' R «QN «OLQW «7 DUH WKWGHINWREVRBLYLNMWRR GLKLXIWR EHLQJ WKH QWREHWD RV
W .
6WDJIH §$. Ilgr:. G Enwror_wmentsupport-output
6WDJH 6& G Industrial development-output
G Technology innovation-output
&DUBYHU ::FV‘Q;;,EB F « &R « QN « QLQSXW 7i UHIHUV WR WHKWWBUMWKSHULRGOBLRELYLNMRR GLKLXULWREHLQJ WK
RI FEORYHU LWHPVNQ GLYLVLRQ
=k F  Netvalue of fixed assets
60DFNYV 2WKHU YDULDEOHV
V&R Ok n ,QSXW DQG RXWSXW VODFNYV s W« 7 7KH ZHLJKW WR SHULRG W
RK Link slacks NN « N 7KH ZHLJKW WR GLYLVLRQ |
Ve Carry-over slacks

IRWH¥ VWDQGV IRU LQGH[ VIQWKHVL]HG E\ HQWURS\ PHWKRG



3.2.2 Objective function
(1) Meta-frontier (MF)
Suppose Each of thé0 8 g has an input and output at time perioahd a carry-over

(link) to the next t+1 time period! XH WR GLIIHUHQFHV LQ PDQDJHPHQW \
UHJXODWLRQV RU HQYLURQPHQW {POO ISURXQQWWVILD WRE VAV
111 . 1,Q WKLV VWXG\D WO COEMM PQYH GLYLGHG LQWI
* 1 PQGANHSUHVHOV LR XKW, DQGHWKH DO RXW 8 KWR |

Wikokh XQURV « Q UHVSHFWLYHO\ 8QGHW8WKad nikinsb ittURQWLHU

efficiency value by choosing the optimal output weightsR PD[LPLVH LWV HIILFLHQF\
KHQFH WKH HI0BRXHIEHWRWKH PHWD IURQWLHU FDQ EH VROYH(

SURJUDPPLQJ SURFHGXUH

(a) Objective function

Overall efficiency:

P
) Ay MRy NN|P QLQ@QJW/i T
9 PLf‘ b P (1)
* AlLJNJuzvzli AOL,MG&O..

Subiject to:

Stage 1:Al stage

Stage 2:SC stage

*Q
‘o w
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- W J R
AN I JANRILR WS
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L «PyJd « * w ’*’ Q wow
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7KH SHULRG DQG GLYLVLRQ HIILFLHQFLHY DUH DV IROORZYV
E S3HULRG HIILFLHQF\

KoL Ny o POILS N QLQ,@XDH@;N
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~LSJ PLQ \&VJF%)N
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E 'LYLVLRQ HIILFLHQF\
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lNO'-f\Q"A\p AUTgVJSNJ NO=Js 80
E 'LYLVLRQ SHULRG HIILFLHQF\
_ sl Nt
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|0 PL-O JFSN
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JURP WKH DERYH WKH RYHUDOO HIILFLHQF\ SHULRG HIILFL
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(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 7KH REMHFWLYH IXQFWLRQ
2YHUDOO HIILFLHQF\

PrOL's ZQLQ
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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 groupidrofGFE). The
ratio value, or the technology gap ratio (TGR), is:

o
—
—~

7*5

‘f"é‘l 0no
*

<

~

(9)

34.1RQSDUDPHWULF NHUQHO GHQVLW\ HVYWLPDWLRQ

7KLV SDSHU DQDO\WHV WKH GLVWULEXWLRQDBQG\QDPLFV F
XVLQJ 1RQSDUDPHWULF NHUQHO GHQVLW\ HWVWLPQMNRRQ ZK I
HVWLPDWLRQ PHWKRG WKDW GRHV QRW UHT®LYW DLVEXVP ISRV R
%\ VXSHULPSRVLQJ WKH NHUQHO IXQFWLRQ DURXQG HDFK G



GHQVLW\ FXUYH LV FRQVWUXFWHG WR UHIOHFW W®&HOGLVWULE
GHQVLW\ IXQFWLRQ RI WKH UDQGRP YDULDEOH ; LV

I E&Aﬁ.%L

ZKHUH Q LV WKH QXPEHU RI VDPSOH RENHLEY@W\KR/\QQ/H G LV \

HIILFLHQF\ YDOXH R|] HDAKKBURNDQFWDIOWMWKBIQBHUQHO GHQ\
HVWLPDWLRQ IXQFWLRQ ZLWK EDQGZLGWK K &KIDYHI WV LQ Wik
SHDN UHIOHFW WKH GHJUHH RI FOXVWHULQJ LQSWHMINUW FLW\
LQGLFDWHY JUHDWHU FRQFHQWUDWLRQ RI WKBH@PWIRU7KH Q>
SRODULVDWLRQ SKHQRPHQRQ RI HIILFLHQF\UVEQWOIRQSHDN U
KRPRJHQHRXV JURXSVY DQG PXOWLSOH SHDNMUHJOHEGMWYWERW |
RI PXOWLSOH VXEJURXSV 7KH SRVLWLRQ RI WKH R®LQ SHDN
GDWD &KDQJHV LQ WKH OHQJWK RI WKH OHIW DQG ULJKW WUL
JDS LQ WKH HIILFLHQF\ RI VPDUW FLW\ GHYHORSPHQW

35.&HQWUH RI JUDYLW\ PRGHO

7R XQGHUVWDQG WKH FKDUDFWHULVWLFV RI WKH VSDWLDO C
FKDQJH WKLV SDSHU XVHV WKH FHQWHKH RRYHPNQW\ PRWGKORW
HIILFLHQF\ JUDMMHBNVE HFGMVMQWHIRI JUDYLW\ UHIOHFWV WKH SRLQW W
HDFK SURYLQFH EDODQFHG LQ DOO GLUHFWLRQV 'XULQJ WKH VW
WHQG WR SXOO WKH FHQWUH RI JUDYLW\ WRZDUGW RRHRU UHJL
KRPRJHQHRXV SODQH /XR HW DO DQG WKH HIILFLHQF\ FHC
FDSLWDO FLW\ WKH FRRUGLQDWHYV RI WKH HIILFLHQF\ JUDYLW\ F

B@/Aﬁ ZM[VM Aﬁ ZMW
% AY Zuy AR Zuw

'KHUM®p LV WKH VSDWLDO ORFDWLRQ FRRUG L (ZOUGHA WRHSURY L

ZHLJKW VPDUW FLW\ HIILFLHQF\ YDOXH Rl SURYLQFH M LQ SHULR
7KH MXPS GLVWDQFH DQG GLUHFWLRQ FRRUGL@®RWHV RI WKH

WRe% WR GXULQJ WKH VWXG\ SHULRG DUH

"LV J58 %G % Bk Q& DUFOYPRR B Keo K

:KHUH 5 LV WKH FRQYHUVLRQ FRHIILFLHQW EHWZHHQ ODWLWX
GLVWDQFH ZKLFK WDNHV WKH YDOXH RI EXBQRZLQJ RQ WKH
WKH PLIJUDWLRQ GLUHFWLRQ RI WKH FHQWUH RI JWIDQVAEA W\ RI W)
ZKHQ | WKH PLJUDWLRQHDMW FIVQE QVKV. \Q-B\OWR KIGXIFWHG FRXQW

36.6WDQGDUG GHYLDWLRQDO HOOLSVH PRGHO

6WDQGDUG 'HYLDWLRDDOHYOBNVNSWHKH6GHJUHH RI GLVSHUYV
FDOFXODWLQJ WKH GLIIHUHQFH EHWZHHQ WRHAHMNDHINLY YKIFEW V
DV WKH URWDWLRQ DQJOH RI WKH 6'( DQG WRW WXWLWRSRWWBE
DQG WHPSRUDO HYROXWLRQ WUDMHMRRHWHNORD @/ BH.- WHW DYV XL
IRUPXOD LV VHW DV IROORZYV
3/:§A3 WZW@/LQ

Itw



/\W3/Z§A% WLQ%RV

LV WKH D]JLPXWK RI WKH VWDQGDUG GHYLDWLRQ HOOLSVH
URWDWLRQ IURP WKH QRUW K/[ WIRQ/®,KOH HH Q\CKLES WHMIY QFSIDNUREU GOH Y. VD W
ORQJ DQG VKRUW D[HV UHVSHFWLYHO\ 7KH VWDQGDUG GHYLDW
HITLFLHQF\ FOXVWHULQJ LQ WKH GRPLQDQW GLUHFWLRQ DQG WK
WKH UDQJH RI HIILFLHQF\ GLVWULEXWLRQ LQ WKH VHFRQGDU\ Gl
HOOLSVH DUHD LV WKH VPDOOHU WKH VWDQGDUG GLVWDQFH RI
GHJUHH RI DJJORPHUDWLRQQRWKULNHS D&HNWUWHDWKK REWIFHAW HOOLSVH
VWDQGDUG GHYLDWLRQ DQG DERXW RI WKH GDWD FDQ EH FRYHU'
4. Indicator selection and data description

In line with the principles of scientific rigour and comprehensiveness, shidy
constructs Al technology development efficiency based on three dimensichglirig
environmental support, industrial development, and technological innovation. Thatmral
system of smart city development efficiency is constructed from six dimensimiuding
smart technology, smart economy, smart citizen, smart governance, smart envir@mdent
smart transport. The definition of each dimension is shown in Table 3. $peditiators 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 20188 Plie
to missing data, Xinjiang is excluded from the analysis. Individual missing valueBeaténfi
using the exponential smoothing method. There are significant differencesgional
economic development levels across China. In order to avoid the "masking' effect
developed regions on the overall analysis, and to ensure that provinces attditi@ges of
development can be fairly assessed, four regional groupings, namely NortheaslgRaat,
and West, are used in assessing the level of smart city development. This giisuping
consistent with the "four sectors" that have long been used in China's dffatiatics and
regional policies. The specific samples and groupings are shown in Table 4.

The data used come from&KLQD 6FLHQFH DQG 7HFERR@RJI\ 'DWI
ODFURHFRQRPLERKDQMEBAVK ,QGXVWU&SKDWDEGXHDWLRQ 6WDWI
'DWDEDVH &KLQD S8UEDQ DQG 5XUDO 'HYHORSPHQW 6WDWLVYV
5XubO0 '"HYHORSPHQW 6WDWLVWLFV 'DWDEDVH ®WHOMEDVH &k
'‘'DWDEDVH &KLQD ODFURHFRQRPLF 6WDWLVWLFV 'DWDEDVH
5HVHDUFK 'DWDEDVH &60%5 'DWDEDVH &KLQD ODFURHFRQR
6WRFN ODUNHW $FFRXQWLQJ 5H Vhe DascriltiveDstEtBEED A Hhe & 6035
data for each indicator are presented in Appendix Table Al. The nmmicoefficient 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 géuihd.

On the contrary, the index at the Al stage has a higher fluctuation relatigemiean value.
This indicates that the index has significant variation characteristics andowéstepraluable
information, verifying that it is necessary to incorporate Al techniitators in the smart
city system.

Table 3

Definition of smart city development efficiency indicators.



Indicator

Definition

Reference

Al technology d

evelopment

Environmental

Measures the basic support conditions for

.RXUWLW HW

support technology development, reflecting regional poll . RXUWLW HW D
support and market environment for Al technolg D O
R&D and application.

Industrial Assesses the application of Al technology in ac{ &KDR HW DO

development

the level of industri

informatisation and {

industries, covering
intelligence, enterprise
market performance of high-tech industries.

=KDQJ DQ

Technological
innovation

Measures the R&D input and innovation output
the Al field, the originality an
competitiveness of regional Al technology.

reflecting

.RFLVRYD HW [

HW DO
'RMHZQRPUAILSNRZ
DO ;X D

Smart city deve

lopment

Smart
technology

OHDVXUHV WKH LQYHVWPHQW
FLWLHV LQ ,&7 LQIUDVWUXH
GLIIXVLRQ DQG LQQRYDWLYH

$E$D\DVK DQG

$OGHUHW
.DLUXL <H
/L DQG <LQ

Smart economy

AssessesWKH LQWHOOLJHQFH OH
VWUXFWXUH LQFOXGLQJ WKH

HFRQRP\ WKH VKDUH RI LQQH
LPSDFW RI HPSOR\PHQW TXDU(
RI OLIH

$EXD\DVK DQG
%KDWWDFK

Smart citizen

SHIOHFWV WKH DFFXPXODWL
FDSLWDO LQ FLWLHV LQFOX
WDOHQW FRQFHQWUDWLRQ

GHYHORSPHQW RI OLIHORQJ O

$OGHUHWH
6URN HW D¢

Smart OHDVXUHV WKH LQWHOOLJH| $OGHUHWH
governance JRYHUQPHQW JRYHUQDQFH | %KDWWDFKDU\D
WUDQVSDUHQF\ B6HUYLFH V] %KDWWDFKDU\D
UHVSRQVLYHQHVYV DQG VHUYL| 7H]XND <X
$VVHVVHV WKH LQWHOOLJHQH .XWW\ HW D
Smart HQYLURQPHQWDO PDQDJHPH| 6XJDQWKL

environment

DSSOLFDWLRQ LQWHQVLW\ U
PRQLWRULQJ DQG WKH HIIHF
HFRORJLFDO SURWHFWLRQ PH

Smart
transportation

([DPLQHVY WKH LQWHOOLJHQF
WUDQVSRUW VA\VWHPV FRYHU
WUDQVSRUW LQIUDVWUXFWXU
SURPRWLRQ RI VXVWDLQDEOH

%KDWWDFKDU\
%KDWWDFKDU\D
7H]XND




Table 4
Area classification.

Area Cluster  Provinces

Eastern L Beijing, 7LD QWVHEX KD Q,J-HDIQ I KX MO R RQITKD QG F
*XDQJIJGRMLIQDQ

Central 2 Shanxi, $ QK XLDQIHQDRILEHAQDQ

West 3 Neimenggu,* XD QKR QJBLEKXRDR]KRXQ DR D.QJ
6KDDODOMWMA QJIKDRJI[LD

Northeast 4 Liaoning, -LO+tIWLORQJIJMLDQJ

5HVXOW DQDO\VLV
(YLGHQFH RI WKH H[LVWHQFH Rl WKH VPDUW GLYLGH

7KH HIILFLHQF\ SHUIRUPDQFH RI WK-W\VRMHPW EQWR\FOHVW Pl
VKRZQ LQ $SSHQGL[ 7TDEOH $ 7KLV VWXG\ XVHV SmQHO GDWD
WKH SVHXGR UHJUHVVLRQ SUREOHP WKH VWWDHER GiL M. F RH GE\V\\
VHULHV ZDV WHVWHG E\ //& WHVW DQG ,36 WHHWH AKMDEBDWX O W
VHULHV ZKLFK PHW WKH SUHPLVH Rl FDGND O MMYVWHIDW XKHN!
XVHG WR YHULI\ WKH FDXVDO GLUHFWLRQWKHVBEBJIJWRARGHQ MK L
JRU WKH *UDQJHU UHDVRQ WKDW $, LV QRW 6& 3WDWOQXH !
DFFHSWHG ZKLFK PHDQV WKDW $, LV QRW W KD VRDQWHD W H D"
6& LV QRW $, 3 YDOXH VR WKH RULJLQDKDW\SRWKHVL\
LV WKH *UDQJHU UHDVRQ RI 6& 7KLV VKRZV WRDWDWKH LPSUF
VLIJQLILFDQW OHDGLQJ HIIHFW RQ 6& V\VWHP HIILFLHQF\

6HFRQGO\ SHDUVRQYV WHVW UHYHDOV D FRDQBOWKH. RQ FF
6& VI\VWHP LV ZKLFK LV VLJQLWBDQMGDW KLK/HL Q G LGFIYWHDV
$, VIVWHP DQG WKH 6& V\WVWHP KDYH DOUHDG\RWIGRAD WRPH
IXUWKHU LQWXLWLYHO\ SUHVHQW WKLV FRUUHQBWERQRWKLYV
SURYLQFHV ZLWK KLJK HIILFLHQF\ $, L H YDORMVQFEHRYH
ZLWK ORZ HIILFLHQF\ $, L H YDOXHV EHORZ WHKKHH PHD Q 6 &
HIILFLHQF\ IURQWLHU ,W FDQ EH IRXQG WRDQL$,GDENHKMIK 161& [
6&

JOXFWXDWLRQV LQ $, WULJJHU V\QFKURQLVHG FKDQJHV LQ
FKDQJHV IURP SHULRG SHULRG : SHULRG : S

SHULRG DQG 6& FKDQJHV DFFRUGLQJO\ IURP :

7KH RYHUDOO WUHQG RI 6& LV KLJKO\ WHQ\/LLQ/\SEQWODIJWKZWW[
ULVH RI $, 6& IDOOV EDFN V\QFKURQRXVO\LZQKHQFKXDJ;OCW 7K
ULVHV  IURP : : DQG 6& FRUUHVSRQ

C 68 UHPDLQV DW D KLJK OHYHO GXUL
SHULRGYV ZKHQ $, LV ULVLQJ RU VWDEOH , QDK GRS SHLR S
VKDUSO\ 7KLV IXUWKHU FRQILUPV WKH FRUUHODWLRQ EHWZHHI

W FDQ EH REVHUYHG WKDW WKH ORZHU \MKEH %, ZHHIH IQF MHKQHF \
HIILFLHQF\ Rl1 $, DQG 6& 3URYLQFHV LQ WKH ORBUWBR@HJILRQ F
WR IOXFWXDWLRWHPQGLYQWHU2EVHUYLQJ WKH $,6& HIILFLHQFL



$, UHJLRQV VXFK DV -LOLQ 6KDDQ[L DQG /LDHRFLAY EMWOPDQ
GRZQ WKHLU 6& HIILFLHQFLHVY DQG WUHQGV R \DLDWURIK) H[V
EURXJKW DERXW E\ $, ZLOO VSUHDG WR 6&\DGHCY B BRS FIDIWL Q.
WR ZLGHQ IXUWKHU DQG FUHDWLQJ D QHZ VPDBW IGMLYLGH 7
HVVHQWLDOO\ WKH UHVXOW RI WKH WHFKQRORJGFIWBEHGLIIHL
VXSHULPSRVHG DPSOLILFDWLRQ RI 6&

7EPHULHY HYROXWLRQ RI HIILFLHQF\

2YHUDOO HIILFLHQF\

7KH HIILFLHQF\ VFRUHV DUH GLYLGHG LQWR RHGLXHP LQWH L

HIILFLHOF\ >DQG KLJK H}I@GFL$FFRUVGLQJ WR $SSHQGL[ 7TDEOH $

RYHUDOO V\VWHP HIILFLHQF\ IURP W R ZDV 7KH
GRZQZDUG WUHQG GHFOLQLQJ IURP LQ W R LQ

SHDN RI LQGLFDWLQJ WKDW $, GHYHORSP QW YBI@E VPDL
EDODQFHG GXULQJ WKLV SHULRG ,Q DQG HIILFLHQF\
ZKLFK PD\ EH DWWULEXWI® QGR PKRHD QB9 WKH VWUXFWXUDO
WULJJHUHG ,Q DQG HIILFLHQF\ IXUWKHU GHFUHDVHG

GLVSDULWAWHWHQ $¥PDUW FLW\ GHYHORSPHQW PD\ EHFRPH PR
KLIKOLJKWY WKH QHHG IRU WDUJHWHG SROLF\ LQWHUYHQWLR
$, ZLWKLQ VPDUW FLW\ V\VWHPYV

7KHUH DUH SURYLQFHV ZLWK RSWLPDO HIILFLHQF\ OH
*XDQJGRQJ +DLQDQ +HQDQ 1HLPHQJJX *XDQJ[L ;L]DQJ DQ
ORFDWHG LQ WKH HDVWHUQ DQG ZHVWHUQ UHMWRQRQJIKH VW
SROLF\ LPSOHPHQWDWLRQ LQ &KLQD V ERHGHELHAFLRIDWQ JHUR
LQFOXGH +XQDQ 6LFKXDQ +XEHL -LOLQ DQG *XL]KRX $PRQ.
EHORZ VXJJHVWLQJ SRVVLEOH ERWWOHQHFNV LQ UHV
LPSOHPHQWDWLRQ LQ LWV VPDUW FLW\ VIVWHP ZKLFK UHTXLL

7KLV SDSHU HVWDEDJWMKHVIIDFLHQFAAQDWUL[ EDVHG RQ WKH
*(  ODWUL[ 7KH YHUWLFDO D[LV UHSUHVHQWW WIKRGLWLWLDO
ZKLOH WKH KRUL]JRQWDO D[LV UHIOHFWV WKHVRUWAQG7RHHIILF
LQLWLDO HIILFLHQF\ Rl WKH YHUWLFDO D[LV LV FBWWHJIRULVHG
KRULJRQWDO D[LV HIILFLHQF\ FKDQJH WUHQGYV LQWR W\SHV
7KH G\QDPLF HIILFLHQF\ FKDQJH RI HDFK '08 LV DFFXUDWHO\
yLJ

,Q WKHOKYHO UHJLRQ *ULGV b R DQG & '08V VKRZ KLJKF
VWURQJHU SRVLWLYH JURZWK WUHQGV 7KHVH DUH PDLQO\ FR
PHGEEAYHO UHJLRQV *ULGV ,,, 9 DQG 9,, LQRWHDO®@ HIILFL}
RSSRVLWH GLUHFWLRQV -LOLQ DQG +XQD® DHU H. FOLRRDANV HEX W D
ODUJH JURZWK WUHQG *XL]KRX /LDRQLQJ DQG 6KDQJKDL DU
LQLWLDO HIILFLHQF\ EXW VKRZLQJ QHJDWLYH ZDJIRZMIWVW UH Q C
DWWHQWLRQ DQG PHDVXUHV VKRXOGOHN HODNH DL RIRV U KLY H&W
9,,, DQG ,; GLVSOD\ ORZ LQLWLDO HIILFLHGFHUDRG YRUJKW
H[DPSOH 6LFKXDQ ORFDWHG LQ *ULG & UHTXLUHV JUHDWHE
HIILFLHQF\ RI VPDUW FLW\ GHYHORSPHQW DQG DGYDQFLQJ WH
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6WDJH HIILFLHQF\

'KHQ H[DPLQHG E\ VWDJH WKH DYHUDJH HIILFLRRQF\ Rl WKF
WKH 6& VI\VWHP LV W LV FOHDU WK D VE HMKWHEE WK DWW HR KS$iH
VIVWHP ,QYHVWPHQWYVY LQ $, WHFKQRORJ\ KDYH FRQVWUDLQH
VPDUW FLWLHV DQG DUH WKH SULPDU\ VRXWEHGRZIQBVISFLHQTF
DQG WKH DYHUDJH HIILFLHQF\ Rl LWV 6& V\VWHPVLRQOWZKLOH

+XQDQ DQG 6LFKXDQ V GXDO V\WWHPV DUH ZHDN UHVXO\
WKDQ ZKLFK QHHGV WR EH FRPSUHKHQVLYHO\ XSJUDGHG I
EH JLYHQ WR VROYLQJ WKH SUREOHP RI WHFKGRORJILFDO L
XSJUDGLQJ 6& 6RPH SURYLQFHV KDYH HIILFLHQF\ IOXFWXDW
GHFOLQHV DIWHU SXOOLQJ GRZQ WKH RYHUDOO HIILFL
WHFKQRORJLFDO KROORZLQJ RXW 2Q WS FRQWWD BV $%,KDQ
WHFKQRORJ\

)L  SUHVHQWY WKH NHUQHO GHQVLW\ FXUYHNLWN WKH $,
VI\VWHP DFURVV IRXU UHJLRQV DOORZLQJ IRUHDLFIL\WQIFQ FRPS
OHYHOV RYHU GLIIHUHQW \HDUV 7KH KRUIHREOWYDDOXHW MX3.
YHUWLFDO D[LV UHSUHVBQWVVWREV\MXH BDOGQWRHGHQVLW\ YI
SUREDELOLW\ RI D JLYHQ HIILFLHQF\ OHYHO RFFXUULQJ

$V VKRZQ LQ WKH $, VWDJH RI )LJ D D FOHDU GRXEOH
LQGLFDWLQJ D SURQRXQFHG WUHQG Rl GLYHIKINQPB\LBHS$, WHI



GULYHQ E\ WKH UHILQHPHQW RI

QDWLRQRPBD®RSOILEG RMV SIURG MA

3DUW RI WKH WHFKQRORJ\ FRQWLQXHG WR HYROYH DORQJ PD\

VWDEOH DQG HIILFLHQW RXWFRPHYV
EDVHG RQ DOWHUQDWLYH VWUDWHIJLHV2UHPDLQBEBZLQ WKH
GHYHORSPHQW HIILFLHQF\
DQG WKH FXUYH EHFRPHV QDUURZHU DQG VWHHSHVU

LQ

DQG ORFDO LQGXVWULDO WUDQVIRUPDWLRQ TKHODHQIHODOO\
GXH WR LQFUHDVLQJ GIOWHS/IHOL %,L AW W@ F5 SRYULREPDQF H

$V VKRZQ LQ WKH 6& VWDJH RI
ZDYH SHDNV PDLQO\ DSSHDULQJ LQ WKH UDQJH QIR

+

,Q FROQOWUDVWURWKHU W

$W WKH UHJLRQDO OHYWO WKH SH
7KLV VX
SHUIRUPV VOLJKWO\ DERYH WKH QDWLRQDKWIDR®D O JYD ZILDWKL B
7KH FHQWUDO DQG QRUWKHDVWHUQ UHJLRQV DOVR VKRZ FOHI
LPSO\LQJ WKDW GHYHORSPHQW LQ WKHWVH DUHDV L

)LJ -SH DN V6 MVOOW B W/Q YV KR PAK

@

L

VPDUW FLW\ GHYHORSPHQW LV UHODW LW L®R\QV L$P. OVCKWH B HWIKR D

OHYHO WKH NHUQHO GHQVLW\ VXUIDFHV
KRUL]JRQWDO D[LV DW
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J)LJ .HUQHO GHQVLW\ FXUYH

6SDWLDO GLVWULEXWLRQ RI HIILFLHQF\

,Q WHUPV Rl UHJLRQDO HIILFLHQF\ YDOXHMVHQ¥KHD/PDUW (
FDXVHG E\ UHJLRQDO LPEDODQFHV LQ $, WHFKQRORJ\2KDV EHF
WKH KLIJKHVW DYHUDJH HIILFLHQF\ IROORZHG E\ WKH ZH\

DQG ILQDOO\ WKH QRUWKHDVWHUQ UHJLR®G D $, HII
SRODULVDWLRQ HIIHFW 2Q RQH KDQG WKH HDVWHUQ UH.
KLJKIILFLHQF\ SURYLQFHV VXFK DV %HLMLQJ DQG -LDQJVX K
VIVWHPV UHVXOWLQJ LQ D FRQVLVWHQW RYMGEOGNHORRISHQF
2Q WKH RWKHMIIKBRIBQRIRZHILRQV VXFK DV WKH QRUWKHDVW



F\FOH Rl ZHDN IRXQGDWLRQV:LQVXIILFLHQW LQYHVWPHQW:V
UHJLRQ PXVW EH YLJLODQW DJDLQVW WKH ZLGHQLQJ RI WKH V
)LJ LOOXVWUDWHY WKH HIILFLHQF\ RKL\QPHDVHN SEIIRN\L G FIFY WA
ZLWK DOO SURYLQFHV FODVVLILHG LQIWRAQDN \ADWAHDIWRURE WP K\
7HQ SURYLQFHV |DHIOL E IQMORF \WRKIHWIKIURKU\ PDLQO\ ORFDWHG LQ
VRXWKHDVW FRDVW DQG WKH ZHVWHUQ UHJLRQ2QDPHO\ %HI
+HQDQ *XDQJGRQJ *XDQJ[L +DLQDQ 7LEHW DQG 4LQJKDL
GHYHORSHG UHJLRQV PD\ UHVXOW IURP VXIILBHHQRQU HWRIXW F |
VXSSRUWHG E\ SROLFLHV VXFK DV WKH %URDGEDIRG JURQWL
SDUWLDOO\ QDUURZHG WKH VPDUW GLYL®RLIKRWDEBLHYRH G
SURYLQFHV PHIRMRLGI LWJBURYLQFHY FRQILUPV WKH VSDWLDO
GLYLGH )RU H[DPSOH )XMLDQ DQG -LDQJ[L DUH FORVH WR *XI
FRQWUDVW +XEHL +XQDQ 6LFKXDQ DQG *XL]KRXQBHRYLQFH)\
IURP #IJKFLHQF\ FOXVWHUV 7KHVH SURKILQFHYQWUB QWGL JBULH
FRQWLQXRXVO\ GLVWULEXWHG LQ WKH FHQWUDO WHJHRQ ,W L
GHYHORSPHQW RI GLJLWDO LQIUDVWUXFWXUHVDWE WUKHY K I
IXUWKHU ZLGHQLQJ RI WKH JDS DQG DYRLG IDOOLQJ GHHSHU L
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[ 0857138 - 0938956

I 0938957 - 1000000
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)L 6SDWLDO GLVWULEXWLRQ RI HIILFLHQF\

7*5 $QDO\VLV

7*5 PHDVXUHV WKH WHFKQRORJ\ JDS EHWZHRQWUILKKY J$ R X S
7*5 YDOXH FORVHU WR LQGLFDWHV WKDW WK HW Kb RXSRE DADH F
EH$WDFWLFH IURQWLHU $FFRUGLQJ WR )LJ UD® KHAHHD WHHWIY H
DQG QRUWKHDVWHUQ UHJLRQV DUH DQG
WKDW WKHUH LV VWLOO D JDS EHWZHHQ WX IR SMADROOLY W@ HFY W R
HDFK SURYLQFH LQ HDFK UHJLRQ DQG WKHUH LV URRP IRU LP
DQG UHVSHFWLYHO\ 7KH 1RUWKHDVW UHJLR®VLV WKH P
GHFOLQH WR D VORZ UHFRYHU\ WUH® GN KXWVWKH UHRQDNKHH®
EHHQ IDFLQJ LQ WKH WUDQVIRUPDWLRQ RS S/OUWB B W RRQMIO QHY



WHFKQRORJLHVY DQG WKH FRQWLQXHG H[RGXV RI KLJKO\ VNL
LPSDFW RI WKH HSLGHPLF WKHUH LV D JHQHUDO GHFOLQH LQ
DQG :HVW UHFRYHU IDVWHU UHIOHFWLQHBEBMBWWWY WRIZQAODRQ
LV VWLOO QRW EDFN WR OHYHOV LQ

.00

Efficiency

0.70

0.65

0.60

0.55

0.50
2018 2019 2020 2021 2022 2023

=3 Eastern 0.8960 0.9105 0.8632 0.8869 0.8619 0.8589

Central 0.8607 0.8835 0.8194 0.8482 0.8206 0.8101
% Western 0.8891 0.8951 0.8644 0.8734 0.8343 0.8207
—) Northeast 0.8954 0.8242 0.6715 0.7207 0.7204 0.7499

)L 5HILRQDO WHFKQRORJ\ JDS UDWLR LQ

$QDO\VLV RI LQWHUQDO NH\ GULYHUYV
7KLV SDSHU HYDOXDWHV WKH HIILFLHQF\ RI D VPDUW FL\
SHUVSHFWLYH LW LV QHFHVVDU\ WR D QD G\ HX®&H HW) aH U Q D
DQG +X DQG :DQJ IRU HYDOXDWLQJ HQHUJ\ FRQVXP
HIILFLHQF\ Rl YDULDEOHV WKURXJK WKH UDWQRWRIURYD WRIHW
'08 &KRQJTLQJ 6LFKXDQ +XEHL DQG +XQDQ KDYH WKH P
LQHIILFLHQF\ LQ WKH 6& VWDJH ,Q WHWP¥, RV HRXGLED RIR U\Q S\
DIIHFWV WKH HIILFLHQF\ Rl VPDUW FLW\ GHWLHMHRISFHBQYFD QG
7KHUHIRUH HQYLURQPHQWDO VXSSRUW LQSXWV ,G LQG X\
UHVHDUFK DQG H[SHULPHQWDO GHYHORSPHQW H[SHQGLWXUH
DQDO\VLQJ WKHLU LPSDFW RQ WKH RYHUD ORI RDQFHPRS MWK R UF
NH\ LQGLFDWRUV LV VKRZQ LQ $SSHQGL[ 7DEOH $
7HQ SURYLQFHV2%HLMLQJ +HEHL 1HLPHQJJX -LDQJVX +
+DLQDQ ;L]DQJ DQG 4LQJKDL ILYH LQ WKH HDVW RQH L
ZHVW 2H[KLELW VWDEOH DQG HIILFLHQW SHUIRKPWRHAH LQ N
SURYLQFHV LGHQWLILHG DV KDYLQJ KLJK $,6& MXWMHFHUHIILFL}
YDOLGDWLQJ WKDW KLJKHU $, LV DVVRFNBWHGGALADK RUYKR U $6
SOD\ D VLJQLILFDQW UROH 7KH HIILFLHQF\ RI N@®\KIDQ/GLFDWR



EHHQ GHFOLQLQJ DQQXDOO\ SDUWLFXODUO\ LQ WHH RRDWKHI
WUDQVIRUPDWLRQ RU UHVRXUFH GHSOHW L RIYH VWMXIHL HQKALY | X
LQ WKH 1RUWKHDVW UHJLRQ LV UHODWLYHQ\ WRR Q7WIH CHVI [RAL
,G +XEHL -LOLQ =KHMLDQJ DQG +XQDQ KDYH UHODWLYHO\ C
DQG UHVSHFWLYHO\ ZKLOH -LOLQ DQG <XQQDQ Kl
VFRUHV IRU ,G DQG UHVSHFWLYHO\ 7KLV UHIOHF
LQGXVWULDO XSJUDGLQJ DQG LQQRYDWLRQ LQYHRMWVPHQW Q
DOORFDWLRQ 7KLV IXUWKHU H[SODLQV ZK\ WKHWHWHKHRYLQFF
$,6& VIVWHP DQG UDQN ORZHU GXULQJ WKH VWXG\ SHULRG )
H[SHULHQFHG DEUXSW GHFOLQHV LQ DOO WKUHHQNWM\ LQGLFC
SRLQWLQJ WR VA\WVWHPLF FKDOOHQJHV WK D WXQRFRDO DIDGN KR U L
6KDQ[L VKRZHG VLJQLILFDQW IOXFWXDWLRQV GXURQJ WKH VW
VW-WBHFLILF VKRUWFRPLQJV LQ WKHLU $, GHDYHD RFFHFW WU
DWWHQWLRQ
'"HFLVPBRHUV VWLOO KDYH VXEVWDQWLDO URRP WR HQKDQF
UHJLRQV $PRQJ HQYLURQPHQWDO LQYHVWPHQWVXMIRQWQGL
DQG W-RAHL PXOMTXLYDOHQW RI 5' SHUVRQQHO FDUUD®KH JUHE
GHYHORSPHQW LQSXW LQGLFDWRUV QHZ SURGXFW GHYHORSP
FDUU\ WKH JUHDWHVW ZHLJKW ,W FDQ BK H Q FHSRUHAED @ WDI\D W
LQIOXHQFLQJ WKH HIILFLHQF\ RI $, VIVWHPV ZLWK SHUVRQ(
5'-UHODWHG IXQGV SOD\LQJ WKH PRVW VLJQLILWDORFDMROH 7
PDQDJHUV IRFXV RQ 5 ' IXQGLQJ DQG 5' WDOHQW LQ UHJL
IOXFWXDWLRQV WR PLWLJDWH WKHLU QHJDWLYH LPSDFW RQ $
$QDO\VLVWHPSFROMIORGLYHUJHQFH FKDUDFWHULVWLFV
6WDQGDUG GHYLDWLRQ HOOLSVH GLVWULEXWLRQ 6'(
7KH HOOLSVH DUHD D]JLPXWK DQG VWDQGDUG GHYLDWLR
PRGHO DUH VKRZQ LQ $SSHQGL[ 7TDEOH $ )URP )LJ LW FDQ
GLVWULEXWLRQ UDQJH HQMRAMBIEMV LRHWURKS ROHIWO.@ IDJJORPH
<DQJW]H 5LYHU '"HOWD DQG WKH PLGGOH UHDFKHV Rl WKH <DC
UHIOHFWLQJ WKH REYLRXV HFRQRPLF DQG VRFLDDUSWHIHUHQ
FLW\ JURP WKH GLVWULEXWLRQ GLUHFW LRADD J\W K HY D ULLAHXW KU R
fWR ! ZLWK D JHQHUDO GLUHEXWRDHRW QRUWKHDVW
JURP WKH $, VWDJH WKH GHYHORSPHQW RI $, WHFKQROR
WKURXJK WKH HYROXWLRQ SURFHVV RIXNVQRW L DIDQSJ WXKRIPHO O U
DUHD RI $, VWDJH LV WKH VPDOOH\DWQGLQVKH ODUJHVWPLQ
NP ,Q WKH VWDQGDUG GHYLDWLRQ UDWLR VXGGHC
VWURQJ GLUHFWLRQDO GLIIXVLRQ ZKLFK R @RXDWDLQ G RAQKHU |
FHQWUDO DQG ZHVWHUQ UHJLRQV LQ WKDW \HDRUKBUWRKNW WKH
WKH QHHG IRU SROLF\PDNHUV WR UHPDLWMHXLRQODQLP EHIDQ Bk
DQG GLIIHUHQWLDWLRQ GULYHQ E\ WKH XQHYHQ GHYHORSPHQ
JURP WKH 6& VWDJH WKH HOOLSVH DUHBNPIZV VMIDETM DAV
WKH EDODQFHG SURPRWLRQ SDWWHUQ RI VPDUW FLW\ FRQV
FRQVLVWHQWO\ UHPDLQV EHORZ ZLWKLQ WKH QDUURZ UDC
DEVHQFH RI VLIJQLILFDQW GLUHFWLRQD® GELDYV ZKIOW VZADWKL DV



SROLF\ REMHFWLYH RI LQIUDVWUXFWXUH HTXDOLVDWLRQ DQG

ruyangshi

songxian, |

nanzhaoxian

F 6&
)L 6WDQGDUG GHYLDWLRQ HOOLSVH GLVWULEXWLRQC

7KH PLJUDWLRQ SDWK RI WKH FHQWUH RI JUDYLW\

7KH PLJUDWLRQ SDWK Rl WKH FHQWUH RI JUDYLW\ UHYHDOV W
GRPLQDQW UHJLRQ WKDW WI{WHS DSHEK AKX MSDWLDO PLJUDWIL
RYHUDOO HIILFLHQF\ DQG VWDJH HIILFLHQF\ GXULQJ WKH VW
ORQJLWXGH DQG ODWLWXGH PRYLQJ GLVWD QR AKQ G UGILUHF
GLVSOD\HG LQ $SSHQGL[ 7DEOH $ %\ VHTXH QIWIIDYA®\\ FRRQ QHF
D PDS D YLVXDO FRPSDULVRQ RI WKH PLJUDWLR®DSBWKYV IF
HIILFLHQF\ LV LOOXVWUDWHBHRQUPSKLFDORPHDVBEFWRYH W
JUDYLW\ SULPDULO\ IDOO ZLWKLQ WKH FLW HQWD @ | 3SLIRNID@AH ; X
'LITHUHQW VXEV\WWHPV GHYHORS RQ GLIIHUHQWKEDWVRXWKXQG C
$,6& LQ WKH FHQWUH DQG 6& IDYRXULQJ WKH QRUWKHDVW

7KH PDLQ PRYLQJ GLUHFWLRQ Rl WKH FHQWUGRRIHJIUWDNY LW\
BRXWKZHVW:1RUWKZHVW:1RUWKHDVW ZLWK DQ RYHUDOO VI
JUDYLW\ FHQWUH LQ PRYHG VLJQLILFDQWRN WRXWK2AHY R |
WKH $, LOGXVWU\ LQ WKH FHQWUDO DQG ZHVWHVURLSWRYLQFH
FRUUHVSRQGYV ZLWK WKH GHVLJQDWLRQ RI ;L DQ &KHQJGX
*HQHUDWLRQ $UWLILFLDO ,QWHOOLJHQFH ,QQRYDWLRQ DQG
$GGLWLRQDOO\ WKH 3(DVWHUQ 'DWD :HVWHUDH¥RE®MLQJ L
UHORFDWLRQ RI GDWD FHQWUHV [IXUWKDWYVEURPWE WU JL Q KH \G



UHJLRQV

7KH PDLQ PRYLQJ GLUHFWLRQ RI WKH FH@MUGIRRIHYU LYWL W \
BRXWKZHVW:1RUWKZHVW:1RUWKHDVW:1RUWKZHVW  ZLWK WK
ELDVHG WRZDUGV WKH HDVW ZKLFK DOLJQV ZD@®& W/IKH OD\R
%HLMLD@MILEHL 6PDUW &LW\ 3LORW 7KH HDVWHUQ UHJLRQ KD
DUHD LQ &KLQD 7KH VKLIW RI WKH 6& JUDWLMHN FR®O RIUQH @& R
HITHFWV Rl HFRQRPLF GHYHORSPHQW WHFKQRORJLFDO DQG
QHHGV 7KLV UHJLRQDO GLVSDULW\ DOVR KLJKGWIKWHN WKH I
FHQWHMYWHUQ DQG QRUWKHDVWHUQ UHJLRQV QHHG WR DGR
WHFKQRORJLFDO SDWKZD\V WR SUHYHQW WKH VRDUW GLYLG
UHJLRQDO GHYHORSPHQW ,Q WKH 6& JUDYLW\ FHQWUH
UHIOHFWLQJ WKDW VRPH ZHVWHUQ QRGH FLWLHV DUH EHJLQ
DQQXDO DYHUDJH PRYHPHQW RI WKH $, JUDYL W& BHQ WL\
FHQWUH NP 7KLV LQGLFDWHVY WKDW BRB SPHIHR G/ R16&
UDSLG DGMXVWPHQW

&RPSDULQJ WKH $, JUDYLW\ FHQWUH ZLWK WRHLNE&RXQO YLV
WKDW WKH PRYHPHQW WUHQGV RI WKH W ZRQDW HNUHP\WVWRLIPW KSR L
RYHUDOO HYROXWLRQ Rl WKH WUDMHFWRULHV MEH PDJQLW.
JUDYLW\ FHQWUH KDYH D SRWHQWLDOO\ GRPLQDQ& UROH LQ \
JUDYLW\ FHQWUH B6SHFLILFDOO\ ZKHQ WKFHH@WWHD WKHQ$ ,|6& D
JUDYLW\ FHQWUH TXLFNO\ DGMXVWV LQ UHWSRD$H VLQGHFED W L
GLUHFWO\ GULYH FKDQJHV LQ WKH $,6& JUDYLW\ SBERWUH IXU
RI $, RQ $,6& )URP WR WKH $, JUDYLW)\ FH@WUH H[KLE
QRW RQO\ UHIOHFWLQJ WKH IXUWKHU FRQFHQ®WQDWHLR® QU WH
EXW DOVR IRUHVKDGRZLQJ WKDW WKH VPDUW GLYLGH EHW
DFFHOHUDWHG H[SDQVLRQ ODQDJHUV VKR XO GXSD0\DWWWLB QWH. R
UHJLRQDO HFRQRPLF DQG LQGXVWULDO SODQGLQIDDGWKXNW V
DQG UHGXFH WKH ULVN Rl WKH VPDUW GLYLGH ZLGHQLQJ

Hubei1

100
km




)LJ 3DWKV RI $, 6& $,6& JUDYLW\ FHQWUH
7 Conclusion
&RQFOXVLRQ

&XUUHQWO\ VPDUW FLW\ FRQVWGEUKX¥FMWQ R/QVR DN HD@QWEHIWA G \D |
WR DYRLG WKH XQHYHQ UHJLRQDO GHYHORSPH®MWYIRGH,, WHFK
7KH UHVHDUFK RI WKLV VWXG\ SURYHV WKDWEWHEHZUI®@IO.RQDO
VSUHDG WR 6& DQG $,6& FDXVLQJ WKH JDS LQ DRBUW FLW\
FUHDWLQJ D QHZ VPDUW GLYLGH 7KH GLITHUWAHIQNW UBDIWKREY RIl ¢
WKH WHFKQRORJLFDO GLIIHUHQWLDWLRQ EURKBRWLRERRW E\
6& 6SHFLILFDOO\ WKH DYHUDJH RYHUDOO HIILFIURPF\ RI VPD

WR $, WHFKQRORJ\ OLPLWYV WKH HIILFLWRF\PDILQPDUW
VRXUFH RI LQHIILFLHQF\ 5 "' IXQGLQJ DQG 5' WBROHQW DUH
LPSURYHPHQW ,Q RUGHU WR LPSURYH WKHKH\RPNUDU G HHGFWIR(
IRFXV RQ LPSURYLQJ WKH SHUIRUPDHHM RD QUK HD @G VWX BEVHHLP VZ K
VWRSSLQJ WKH FRQWLQXHG GHFOLQH LQ HIILFLH®ER\ LQ 7LDQN
VIVWHPV LQ &KRQJTLQJ DQG +XEHL +XQDQ DQG 6LFKXDQ DUH
DQG QHHG WR SULRULWLVH WKH LVVXH RQ W MWHFWER OXRI) UG
Rl 6& 7KH RYHUDOO ORZ HIILFLHQF\ LQ WHK® L OR USNIKHD\QW LIDKDJ
GLIIHUHQFHV LQ WKH HIILFLHQF\ RI WKH $, V\VEMHWKHKH 6& }
FHQWUDO DQG ZHVWHUQ UHJLRQV ZKLFK KDYH VLJQLILFDQW L

JURP WKH 6'( SDUDPHWHU LW FDQ EH REVHUYHGNWKDW WK
VSDWLDO GLVWULEXWLREEIRDWHGCHV EX /' KEZE VQRR UGMKIHHIFVWAL R Q 7K
$, WHFKQRORJ\ KDV JRQH WKURXJK DQ HYROXWLRQ®DU\ SURFH
E\ GLIIXVLRQ 7KH FRQVWUXFWLRQ RI WKH VPDUWRRW\ VWDJ!
WKH PLJUDWLRQ SDWK RI JUDYLW\ FHQW UKV U\W. @ D/OK BHF M B WQ) [
DQG ZHVWHUQ SURYLQFHVY EHJDQ WR ULVH DHIQHG WKHD BE& H/\\
DQG ELDVHG WRZDUGV WKH HDVW )URP WWH &R YJHUDDYQ @/ \HFYHR@WX
KDV D SRWHQWLDOO\ GRPLQDQW UROH LQ WKHVNRIUHPQWWLRQ DQ
,Q - WKH $, JUDYLW\ FHQWUH VKRZVY D WUHQG RI HDVWZI
LQWHULRQDO VPDUW GLYLGH PD\ HQWHU DQ DFFHOHUDWHG V)
FXUUHQWO\ XQGHUJRLQJ GHYHORSPHQWDO BGW\WVWERPXVDIWR\Q L
ODEDJHUVY VKRXOG OHYHUDJH UHJLRQDO HFRQRPLF VWUDWE
UHOHYDQW SROLFLHV WR PLWLJDWH WKH ZKHK HHIQR QD OW KH
HFRQRPLF GHYHORSPHQW JDS DQG DGGUHVVLQJ WKH VSDWLD(
FUXFLDO IRU FRQVROLGDWLQJ WKH HIIHFWLYHQHVYV RI VPDUW

B3ROLF\ 5GHFRPPHQGDWLRQV

Enhancing the development potential of Al technology driven by scientific inoovisti
crucial. This paper finds that key indicators within Al technology aseificant source of
inefficiency in smart cities. To solidify the development impact of scities, it is necessary
to increase investment in Al R&D and attract more R&D talent. Drawingoies from
Shanghai, it is essential to avoid technological discontinuities. Strengthening theatsatdi
development of Al technology across regions is also critical.

Formulating differentiated regional strategies is essential. The policy obgestieild
focus on consolidating the advantages of SC while optimising the transfummatiAl



technology. For the eastern region, the emphasis should be on advancing core technological
breakthroughs and establishing a technoldgf SRUW PHFKDQLVP )RU WKH FHQ
OHYHUDJLQJ LWV SRVLWLRQ DV D WUDQVEWHRQYDLDQJRM®HLREYLIF
WHFKQRORJ\ LQQRYDWLRQ DOOLDQFHV WR PDNH DRUIRU WHFI
WKH ZHVWHUQ UHJLRQ LV WR PDNH XVH-RIVWWKHH SRQHB\V G LY G
WKH VDPH WLPH FXOWLYDWH ORFDO GLJLWMDOLRERR ZKRFKQWH
IDFHV FKDOOHQJHV VXFK DV WHFKQRORJLFDO FGHOMRQWLQ X
LQYHVWPHQW D GHGLFDWHG UHYLWDOLVDWLRQ IXQG VKRXH
UHSDWULDWLRQ SURJUDPPH WR SUHYHQW WKHHUPRRIJUMLRQ RI
WR DYRLG D EOLQGHSXHW{HWKRIRBERIAHOGIOR RIGIHONVU WMKH IRFXV
EH RQ $, KHDY\ LQGXVWU\ WR HQVXUH FRPSOHPHQWDU\ UD!'

%ORFN WKH FRQWLQXHG ZLGHQLQJ RI WKH VPDUW GLYLGH
EH HVWDEOLVKHG DW WKH QDWLRQDO OHYHO DQG D 6PDL
LQFRUSRUDWHG LQWR UHJLRQDO GHYHORSPHQW DRy HVVPHQW
ILOOLQJ VKRUWFRPLQJV DQG SUHYHQWLQJ H[FHVV VXFK DV
DQG ZHVWHUQ SDUWV RI WKH FRXQWU\ DQG DYRLWKK®J WHFKC
FRXQWU\ 'RYHWDLOLQJ $, WHFKQRORJ\ DQG VPDYRLBLW\ FRQ)
WKH HPHUJHQFH RI ORFDO JRYHUQPHQWYVY GXH WBUMKHG XUV X
RXW WKH FRQVWUXFWLRQ RI VPDUW PRGXOHV UHVXOWLQJ LQ

7KH VPDUW FLW\ RI WKH IXWXUH VKRXOGQ SKMLQBLWQ]HQ
DSSHQGDJH RI WHFKQRORJ\ 7KURXJK WKH HITHFWLYH VHUYLFE
LW LV QHFHVVDU\ WR JLYH IXOO SOD\ WRVR KHK B WE WK HW I[F\XDH)
EHFRPH WKH FHQWUH RI WKH FLW\

SHIHUHQFHYV

$EX%XD\DVK $ DQG 'LQFHU , '"HYHORSPHQWURID QFWMHJUD W H (
,QGLFDWRUV IRU %HWWHU 0BEUVWIALHQD®OW CGRH &R WU WV&EDWYGHOWR FLHW\
$FHPRJOX ' DQG 5HVWUHSR 3 $XWRPORLRQVIE@Q® RAHY DDQWGN V

5HLQVWDWHSHADERIURQV 5HVHDUFK ODQDJHPHQW 6FLHQFH

$GLW\D 7 1LQJUXP 6 1XUDVD + DQG ,URIDWKH, LJLWD®RPPX®H
2Q WKH 6PDUW ®H®L\BROLF\

$KYHQQLHPL + +XFHIS®D ,$D@E@BWBDNVLQHQ 0 :KDW DUH
%HWZHHQ 6XVWDLQDE GH. \I QHSSORDABAB S LW LH V"

$ODKL 0 ( ( 6XNNXHD $ 7LQD ) : 1BXZBQQRUDBWKRQD®EH
OXNKRSDGK\D\ 6 & - (QW E OB BW/IHEX RR ORWLHY DQG $UWLILFLDO |,
6PDUW &LW\ 6FHQDULR 5HFHQW $GSBQNRRNQWY DQG )XWXUH 7UHQG

$OGHUHWH 0 9 ([SORULQJ WKH 6P D0INF&RW)\DFQ\GRH[Y VI ROQ G
OHDVXULQJ &LWLGHRFEPDUWGHNYWRUV 5HVHDUFK

$OODP = DQG 'KXQQ\ = $ 2Q %LJ 'DW DW SULWEILIMAEIHIVO ,QWH O

$OODP = DQG -RQHV ' 6 2Q W RN WRWHRIND DIQUEX W K&R§R BU W
1HWZRUN 8QLYHUVDO 'DWD 6KDULQJ 6WDQGDUGY &RXSOHG ZLWK $U
+HDOWK ORQLWRULQJ+BIQGWRBDUHPHQW

$OVXEDL 6 'XWWD $ . $OJKD\DGK ) $ODPHU 9%1+D@B®WWDQE



ORKDQW\ 6 1 '"HVLJQ RI $UWLILFLDO ,QWHARUJENQWWDUQ ¥ B QH& U
6PDUW &HWHHSFFHVYV -

%KDWWDFKDU\D 7 5 %KDWWDFKDU\D $ 6X¥@BOQDRO 4 6 PRQGW7I&]
'"HYHORSPHQW )UDPHZRUN IRUSUEMHD BBY D GRKXQQYG LHM FWLFH

%RNKDUL 6 $ $ DQG O\HRQJ 6 7KH ,PSIDRUW RI $L $S
'"HFLVQBRLQJ LQ 6PDUW &LWLHV DV OHGLDWHG E\ WKH ,QHMHHHUQHW R
$FFHVV -

%UDXQ 7 )XQJ % & O ,TEDO XULQWG PRMBK3IUWLYDF\ &BBEOOHQJIJHYV
&LWIBBKKWWDLQDEOH &LWLH-V DQG 6RFLHW\

&DUDJOLX $ DQG 'HO %R & ) 6PDUW &L WSNH\8WEDE WKH 8L
6XVWDLQDELOLW\

&KDR /-<EXR 8-+XLD/ , DOHXQ:HQ 5SHVHDUFK ,QWR )LQDQFLQJ
RI $UWLILFLDO ,QWHOOLJHQRELW G X\SMBOWDLROE 8VHDUFK DQG 0DQI
6FLHQFH -

&KHQ * DQG =KDQJ - $SSO\LQJ $UWLILFLDND WRWHMTBLLIHD F H
7UDIILF &RQJHVWLRQ (YDFXDWLRQ$SBOLRIGP BRIMH & RPSKXIWLWY & LW LHV

&KHQ + 'HQJ . DQG BFKQHLGHU ) Y H' RTHAD @ L W\ "6 B ID\UMDUHRKY 2,

WKH ,PSDFW RI 6PDUW &LW\ &RQVWUCHWLIRR) (FQ QRFIRFP B HQIHITXDOL

&RVWD ' * S5HVLOLHQW 6PDUW &LWLHV IRY (PHHHWARQF\ 2YHU
6ROXWIHRF)WQRORJ\ 6B6RFLHW\ 0DJD]JLQH ,HHH
&XL / DQG <DQJ . &RQVWUXFWLRQ IRIU(8PDXNWEIRQL HYG L |

BWDWLVWLFV DQG ‘HFLQLRKQLQHVH

(O *KDWL 2)GSODRZ2L &KDKERXQL 2 $OLRXD 1 DQG %RXDULIL
,QWHO-GRIZHEMHEG 9LVXDO ,QWHUQHW RI 7KLQJV LQ 6PDWMDEQWEBRW $ &
&RPSXWLIRUPDWLFYV B\WWHPV

)DQJ % <X - &KHQ = 2VPDQ $ #DPPMJIKDOL5RRQKDUD:,DQG
<DS 3 6 $UWLILFLDO ,QWHOOLJHQFH IRU :DVWH ODQDJHPH
(QYLURQPHQWDO &KHPLVWU\ /HWWHUYV

)DQJ : DQG ;X = 6PDUW &LWLHV &RQQRWLPPDRQ BEERQV)
2SWLPLVDWLR Q6RXSMIRDIFKW \$ F D G-HP LB -&RKLLOHD/O

*XR = $SSOLFDWLRQ 3URFHVV RI $UW ISIXWIRP® WQWE COOQLG HQ
,QVWUXPHQWDWLRQ,Q &KLQHVH

+DPPHUVFKPLGW 7 6WRO] . DQG 3RVHJJD 2 DW 'lYUGGILQJ W

WKRVH :KR &DQ DQG &DQQRW &UHDWH BXVRDYLGRXEOH ,2XREFRPWY R.
7HFKQRORJ\

+DUULVRQ & (FNPDQ % +DPLOWRQ 5 +DUVRXDGMW BR QY GR:WC
6PDUWHU,ERPWRNVYQDO RI 5HVHDUFK DQG 'HYHORSPHQW

+X - / DQG :DQJ 6 &)DFWRU7RQWDWI\ (IILFLHQF\ RQHHJLRQV LQ &
3ROLF\ -

-DUDPL@RIRDU $ *RYHD -&KDQG 9LOCHGIDD/QFHV LQ WKH 2SWLPL]
9HKLFXODU 7UDIILF LQ 6PDUW &LWLHV ,QWHJURWLRXQV W D ACOREFNH K [
ORELOGMMWDLQDELOLW\

.DLUXL < ,QWHOOLJHQW (YDOXDWLRQ $8SSGROFKRDRUQGPDUW



‘XKDQ &KLQD DV DRX(Y@PS®H ,QWHOOLJHQW DQG )X]]\ 6\VWHPV
.RFLVRYD 0 )LOR O .DGDURYD - DQG 6XADAD LRSYIU RID FK ,Q
DQG $UWLILFLDO ,QWHOOLJHQPR b6 L, Q@RY DR R@DO®D QDIHPHQW
.RXUWLW . 1LMNDPS 3 DQG 6X]XNL 6 &RPSDWOWLYH 8UE
6DIH &LWLHV WKURXJK 'DW B HQYRIQRG BHFQMQFGIDIRTL¥\-DQG 3UDFWLFF
.RXUWLW . 1LMNDPS 3 DQG 6X]XNL 6 AXIDRWLDWDWLYH 3
BWHOODU &LWLHV E\ D '"HD &DVFDGH 6\¥KWH BQ § RM\S RE L5HLIW R Q@W® HAFI.
XWW\ $ $ . XEXNYDU 0 $EGHOOD * 0 % X O\ WD L(Q DRI RWD V
3HUIRUPDQFH RI (XURSHDQ 6PDUW &LWLHV $ 1RYBXVWDL®DEWRD FK
&LWLHV DQG 6RFLHW\
/L * [/XDQ 7 + /L ; =KHQJ - /DL & 6X%UHDNQIGQ3IKRDQ 'DWD
6KDULQJ %DUULHU RI 6PDUW &LWHHS 'LHMFZRONZLQ $SSURDFK
/L ; :DQJ 4 DQG 7DQJ < 7KH ,PSDRWHRIRSPW QIWF2Q B UG VG C
(QHUJ\ (IILFLHQF\2%DVHG 2Q WKH 3HUWKXWRMWDLLYGDRLBPWUW &LW\ 3ROL
JLIHOR = 'LQJ - 1LQJ + DQG 'KHOLP -6QDEOHG WM DNHY HQIR
6XVWDLQDEOH 6PDUW &LWLHV 7HFKQRORJLHV $SEOHFWWRROKNV &KD

/LQJ ; /XR = )HQJ < J/LX ; DQGHWDRJEWDO 7UHRZVIRUPDWLRQ
WKH (PSOR\PHQW 3UHVVXUH LQ &KLQD" (PSLUIGAMO BY.IORMQ BROURP V
+XPDQLWLHY DQG 6RFLDO 6FLHQFHV &RPPXQLFDWLRQV

/ILX + 3UHOLPLQDU\ ([SORUDWLRQ RI 8HRDQDSKROEEDWLRC
5HVHDUFK - ,Q &KLQHVH
/LX - &KDQJ + )RUUHVW < / DQGR«DSUMWLALFLDO , @W®IXOHQB H C

7HFKQRORJLFDO ,QQRYDWLRQ (YLGHQFH )URP WKH 8NQHO 'DWD
7HFKQRORJLFDO J)RUHFDVWLQJ DQG 6RFLDO &KDQJH

/JLX : X < )DQ ' /L < DQG =KHQJUSRUDW H$@OrH Y RIMP HQIVDFO 3 R
7KUHDWV 7RZDUG 3XEOLF +HDOWK DQG 6DIHW\ 7KH SPOHWRI 6PDUW
6FLHQFH

JRPEDUGL 3 *LRUGDQR 6 )DURXK +RGDHIQ@® LRXWKH :6PDUW &1
SHUIRUPDQQRIYDWLRQ WKH (XURSHDQ -RXUQDO RI 6RFLDO 6FLHQFH 5F

/X - +XDQJ ; &KHQ < DQG ;LDR ; ROXWLRID WILBWRIPISRALD® (&I
JRRWSULQWYV LQ &KLQD %DVHG*HRJUDPBKLF R R Q3/H\PHMULRKD®
&KLQHVH

/IXR 4 =KXDQJ < *X : DQG /LQDVQYLUR®RW®OWRDHBRHRIODWLRC
2Q &KLQD V *UHHQ 7HFKQRORJLFDO ,QQRYDWLRQ ¢ALARWAFD P®G 6S
7HFKQRORJ\ 3URJUHVV DQG,®R&OKIEQHVH

ODQPDQ / *RVZDPL 3 OXNKHUMHH 3RVKXNSKHOMGIRIQ $9 «DQL /< *
DQG INHQ\HUH\H / 'LVWULEXWHG $UWLILF&R DQ QWK G O5LDIG IQFF H
BHQVRU 1HWZRUNV-'${BPQGW KU VEXRAMLYGDEOH &LWLHYV DQG 6RFLHW\

ODR ) *DR < DQG =KRX & 6 S D WLLYCLAD B [) BVFWMHRILYY (R RO X W L' RO
,QGXVWU\ LQ WKH <DQJW]HHRIMDE KERQRPIHFVHBOMK, Q &KLQHVH

OROQDU $ 6PDUW &LWLHV (GXFDWLRQ 3KQOMPDLWKWY, QWE ([l
,QIRUPDWLFV



2 'RQQHOO & 5DR ' DQG %DWWHVH * OBWHRIURQWLHU
JLUPHYHO (IILFLHQFLHV DQ G FHIFKIQRRDCGIR (fF BQ RVRIRFWV

SUHVWRQ 6 OD]KDU 0 8 DQG %XOO 5 -&UHDSVQU]HRZ (&D D EHRROH !
6PDUW &LWLHV 3UDFWLFDO /HVVRQV J)URPQHRMMWHWIKDP &LW\ &RXQF

4LDQ < <XDQ 5 DQG /L < OHDVXURPAHRWG RN GBPHUFV &LV
(YROXWURQWLHUV LQ (QJLQHHULQJ ODQDJHPERMQENIHHQFH
5LQJHQVRQ 7 (ULNVVRQ ( G5LYHUD OKBb /IDRAGVVDRUMAOKH- 6PDU

6XVWDLQDEOH &LW\

6KDKUDEDQL 0 0 1 DQG $SDQD%DNHIHY EOXDWLBQ SUDPHZRUN |
%XLOGLQJ ,QWHJUDWERQWRMWRDERDUW\&LW\

6KDQQRQ & ( $ ODWKHPDWLFDO 7K<¢H BW\ORI 6\ R RVRDPQ L F B MV [RI
-RXUQDO -

KX < 'HQJ 1 %LH $ :X < DQG %DRS5ROH RI 6PQURVF ML Q/L NWK
7HFKQRORJLFDO ,QQRYDWLRSB S(YLIGE QFRQRRIPFEKLQD

6LQJK 6 6KDUPD 3 . <RRQ % 6EBMDIPU 0 &KMRQYHUYJIWD@RH R
%ORFNFKDLQ DQG $UWLILFLDO ,QWHOOLJHQFH 1 ®F,RW) A H®/ZWRHUMWI R U
6XVWDLQDEOH &LWLHV DQG 6RFLHW\

6NXELV , :ROQLDN 5 DQG *UHEVNI&HQWULF $$8 DRDF K XRDEPDUW
ODQDJHPHQW &DVH 6WXGLHV JURP 6LOHVEDOWMDQGDEVBHW\3RODQG 9F

6RQJ ' /L & DQG ;LDQJ\RX / 'R H X FIWM ZR, @ I3JDRPARWKHE WAXKUDHD \&/
DQG 4XDOLW\ ,PSURYHPHQW LQ *UHHQ 7HFK Q RX®DRY 6PD® \WQ&LRA\D \LLORRQ
3URJURBKY QD 3RSXODWLRQ 5HVRXUFHV-DQGQ@KILQRYPHQW

6RQJ 0 7DQ . + :DQJ - DQG B6KHQ(Y-DOXDWLIRGWRHQF PQRPLF
(FRORJLFDO 2SHUDWLRQ (IILFL.HQA\HR/I 6PDUW &LW\ 3LORWYV

BURN $ $QWRQL - - DQG %RUNRYL 0 &URBWQD DDKHIREHBQV
RI &LWUH{QRFDOLV -

6X + 4X : 7LDQ 6 OD 4 /L /| DQORKOWHOOLIHQBMWRSIRZHU

7KH ,PSDFW Rl 5HVHDUFK DQG 'HYHORSPHQW ,QYHVWMHRHFEW 2Q *UHF
(QWHUSBAVWHPYV 5HVHDUFK DQG %HKBDYLRUDO 6FLHQFH

6XIJDQWKL / OXOWL ([SHUW DQG OXOWL &ULWRULD (YDOXI
6XVWDLQDEOH '"HYHORSPHQW $Q ,QWHJUDWH&X WL ®OE OH ERW LHM D
BRFLHW\-

7TRK & 6PDUW &LW\ QGH[HV &ULWHUYLUDSW® G RFMHW R/U Y DAL C
DQG $QDBWLBPDUW &LWLHV

7TRQH . $YEOOMLHANVYHDVXUH RI (IILFLHQF\ LQ (XWRSIOBORSPHC
-RXUQDO RI 2SHUDWLRQDO 5HVHDUFK

7TRQH . DQG 7VXWVXL O 1% DAVZHRG D HB B X 8 HFoABRBRHDF K
-RXUQDO RI 2SHUDWLRQDO 5HVHDUFK

7RQH . DQG 7VXWVXL O '"\QDPLF '"HD ZL9%\XV HIEGWAHDUMNK 8 W/ U X F
$SSURRPKJID -

800ODK -#XUH®DQ ) ORVWDUGD / DQG *DJOLDUGL 5 $S:

,QWHOOLJHQFH DQG O0DFKLQH&RFEXQLIQU & R PFPOQULW RV WR_ GBIV
9DQROR $ 6PDUWPHQWDOLW\ 7KH 6BDEWQBEWXGNVHYVFLSOLC



:DQ $ DQG &XL : +DV WKH *UHHQ 7RW WK HDWRUY GWR G RW L
WKH (VWDEOLVKPHQRWRRI26PHDUW &LW\

'DQJ 6 DQG =KHQJ / &RPSDULVR QLR D WRIU B \&A MR \( YLD/D % B W
DQG $EURBBHUQPHQW ,Q &KLQHVH

‘RMHZPUALSNRZVND $ *LHU-0WDIO3Q MRV NID X3 H )XQGDPHQWD
RI &LW\ + D 3URSRVLWLRQ RI D 1HZ 3DUDGL&IPVMRB® ,QGH[ IRU &LW\ 'H

X ; DQG <DQJ = 6PDUW &LW\ &RQFHSWMQWQBEDXXWXUH 8U
'HYHORSPHQW 6WXGLHV&KLQHVH

LD ; <X 5 DQG =KDQJ 6 (YDOXDWEROLFKRQ PSDFER I 6
(PLVVLRQ (IILFQBQF\

‘X & DQG /LQ % (PEUDFLQJ $UWLILFLDOUMAWHRORDMWQRK) +F

$IIHFW WKH 7THFKQRORJLFDO ,QQRYDWHRE RU LG Y DRV IUR Q {QADH UBILLOY
ODQDJHPHQW

<DQ = -LDQJ / +XDQJ ; =KDQJ ,QWHOOEKR@W;8UEDQLVP ZLWK
,QWHOOLJHQFH LQ 6KDSLQJ 7TRPRUURZ V 6PDDWGK )XW KVH &XWHFQMR GH
-RXUQDO RI &0RXG &RPSXWLQJ

<H ) &KHQ < /L / /L < DQGWILWHYLDODHAEXIORRIGHOV IRU 6PDUV
&LW\ 5DQNLQJ (YLGHQFH )URP WKH 3RDWARHBYYHU 'HOWD 5HJLRQ &KL

<LJLWFDQODU 7 'HVRX]D . & 9%XWOHIRQWDDRBXIRRINKDWKE bLV
$UWLILFLDO ,QWHOOLJHQFH $L LQ %XLOGLQJ 6PDUWHK &LWLHV |,
ILWHUXQ@KUHLHV

<XH $ ODR & :DQJ = 3HQJ : DQBEWKHBRLRQHHUV)RDGBKQQD V
&LWLHV )URP WKH 3HUVSHFWLYH RI &RQVWUXFWIRBKQRFRHFDD QG
JRUHFDVWLQJ DQG 6RFLDO &KDQJH

=KDQJ / =KXDQJ < &KLX < + @BPIQJ=4 &KHIHDVYXDQGJ SUEDC
,QWHJUDWHG :DWHU 8VH (IILFLHQF\ DQG 6SDW LDV DOU