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A Comparison of Innovation Efficiencies of 54 Cities in China: A SBM-NDEA Model Based
Approach Including Undesirable Output

CHANG Xiao-ran, Zhou Quan, Wu Xiao-bo
(School of Management, Zhejiang University, Hangzhou 310058, China)

Abstract: Driven by economic globalization and new technology revolution, innovative city management has become an important mode for sustainable
development, as well as the key measure for realizing China's innovation-driven national strategy. However, constrained by limited innovation resources and
environment pressure, the challenge lies on how to generate more innovation output by utilizing less innovation resources, and how to build an innovative city
which is also resource saving and environmental friendly. Following deficiencies exist in current research on city innovation efficiency: (1) early research
consider innovation process as a 'black box', which neglects internal process and stage characteristics within the system; (2) current research open up the ‘black
box', but the model selection are flawed, and the indicator selection neglects the influence of the undesirable outputs (bad outputs) (e.g. environmental pollution)
generated during innovation process. Above mentioned deficiencies negatively influence the effectiveness and accuracy of innovation efficiency evaluation.

Based on literature review, this research separates innovation process into technology development stage and technology commercialization stage, and
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constructs the input-output indicator system of the two stages. In the technology commercialization stage, undesirable outputs indicators in innovation outputs
are included: energy consumption per unit GDP, industrial waste water per unit GDP, industrial SO, emission per unit GDP, and industrial smoke (dust)
emission per unit GDP. The data sources are ‘China City Statistics 2013, 'China Science and Technology Statistics 2013', provincial and city statistics 2013,
from which innovation related data of 54 Chinese cities are collected. The non-directional SBM-NDEA model (a non-radial model) is used to evaluate and
analysis the two-stage efficiencies and overall efficiencies of city innovativeness of 54 cities in China in the year 2012. The software MaxDEA 6.4 is used for
the analysis.

The result is analyzed from four aspects: overall analysis of city innovation efficiencies, two-stage analysis of city innovation efficiencies, the contribution
of sub-stage to the overall performance, and the diversity analysis based on undesirable outputs improvement potential. Overall speaking, only 13
cities'(including Beijing, Shanghai, Tianjin, Huhehaote, Guangzhou) innovation efficiencies have reached DEA effective. More than half of the cities
(28,51.85%) are above average; in the two-stage efficiency analysis, the efficiency of stage one and stage two are used as axis-x and axis-y in the scatter
diagram. 54 cities are categorized into four types: high in efficiency and low in resources intensiveness (13 DEA effective cities), extensive innovation city
(efficiencies below average in both stages, 13 cities including Nantong, Weifang, Wuhan), technology development innovation cities (15 cities including
Zhengzhou, Yantai, Foshan, Wuxi, Ningbo), and technology commercialization innovation cities (13 cities including Shaoxing, Qingdao, Nanning, Changchun,
Kunming); For the contribution of sub-stage to the overall efficiency, we find technology commercialization stage is more influential to innovation efficiency,
whilst two-stages are not matched and coordinated; this research exams the undesirable outputs improvement potential through energy-saving potential and
pollution reducing potential. The result indicates that eight industrial cities, including Taiyuan, Tangshan, Zibo, Taizhou, Shijiazhuang have the biggest
energy-saving potential; Suzhou, Zibo, Weifang, Shijiazhuang, and Jiaxing have the biggest pollution reducing potential.

The theoretical contribution of this research lie on:(1) introduce innovation process to innovation efficiency evaluation, and separate it into technology
development stage and technology commercialization stage, which makes it more realistic; (2) under the background of sustainable development, this research
uses undesirable outputs (i.e. environmental pollution), which is commonly neglected in innovation efficiency research, as important evaluation indicators. The
research method combines non-directional SBM-NDEA model (a non-radial model) with the undesirable outputs model to evaluate the innovation efficiency of
54 Chinese cities. This method not only improves the accuracy and reliability of efficiency evaluation, but also provides data support for improving city
innovation efficiency and targeted policy making for energy-saving and pollution reducing. This will provide directional guidance for build a innovative,
energy-saving and environmental friend city. The limitations are: (1) Time lag is not considered during indicator design and data collection;(2) The input-output
innovation process is considered as a simple linear structure, which neglects the resource sharing in two sub-stages between firm inputs in the technology
commercialization stage and initial inputs.

Key words: network data envelopment analysis (NDEA); technology development; technology commercialization; innovation efficiencies
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