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Spatial-temporal pattern and influencing factors of transformation efficiency of resource-
based cities: a case study in Shaanxi-Gansu-Ningxia energy rich area
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Abstract: Background, aim, and scope The transformation of resource-based cities is imminent. However,
the complexity of the transformation makes the resource-based cities face many difficulties. Understanding the
transformation ability, effectiveness, and efficiency of resource-based cities in Shaanxi, Gansu, and Ningxia
and analysing the influencing factors could help to provide a reference for further transformation planning.
Materials and methods Based on the data envelopment analysis, standard deviation ellipse, and geographical
detector method, this paper introduces the industrial diversification and specialization indices to comprehensively
explore the transformation efficiency, spatial-temporal pattern, and influencing factors of resource-based cities
in Shaanxi, Gansu, and Ningxia. Results The comprehensive efficiency of the transformation of resource-based
cities in the three provinces varied significantly during the study period. The efficiency of transformation in the
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three provinces decreased, showing an inverted V-shaped evolution pattern. There are significant differences in
the transformation scale efficiency evolution modes of resource-based cities in the three provinces. Since 2011,
the centre of gravity of transformation efficiency has moved further to the eastern region with high science
and technology investment level and resource utilization rate, but the spatial distribution is slowly dispersing.
The spatial spillover effect of transformation efficiency can be observed. The spatial distribution pattern is
still dominated by the east-west direction, while the influence of the north-south direction is growing slowly.
Discussion During the study period, the transformation efficiency of resource-based cities varied significantly
with time and space, mainly due to the long-term nature of technological and industrial succession. The elliptical
centre of the gravity of transformation efficiency shifted to the eastern region. However, the speed and distance of
the shift showed a decreasing trend, with the spatial distribution pattern remaining stable. The level of economic
operation and factor input play a leading role in the spatio-temporal differentiation of transformation efficiency of
resource-based cities. “The basic role of resource conservation and environmental friendliness and the leading role
of economic operation and factor input” was the internal driving mechanism of the spatio-temporal differentiation
of the transformation efficiency of resource-based cities during the study period. Conclusions The results show
that: (1) there are significant temporal and spatial differences in the transformation efficiency of resource-based
cities in the Shanxi-Gansu-Ningxia region from 2011 to 2020; (2) the spatial distribution pattern of transformation
efficiency in Shaanxi-Gansu-Ningxia resource-based cities during the study period remained stable, dominated
by the east-west direction and dispersing slowly; (3) local budget expenditure, urban construction land area,
and gross regional product are the main factors affecting the spatial differentiation of transformation efficiency
of resource-based cities in the study areas. Recommendations and perspectives There is a need to (1) boost the
growth of non-resource industries and get rid of path dependence, (2) strengthen government guidance and adjust
the investment structure, (3) improve the business environment and promote investment, (4) intensify land use
and optimise the spatial pattern, and (5) recognize the importance of talent introduction and optimising growth.
Key words: resource-based city; transformation efficiency; spatio-temporal pattern; influencing factors; Shaanxi-

Gansu-Ningxia region
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Tab. 1 Measurement index of transformation efficiency of resource-based cities
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Tab.2 The standard deviation ellipse parameter of transformation efficiency of resource-based cities in Shaan-Gansu-Ningxia
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Tab.3 The ¢ value of influencing factor of transformation efficiency in Shaanxi-Gansu-Ningxia resource-based cities

B
A 2011 2014 2017 2020 IiH
Factor Mean value
X 272 A1 /{206 Gross regional product /10° yuan 0.435 0.477 0.537 0.527 0.494
PV ALFEEL  Industrial specialization index 0.214 0.603 0.565 0.391 0.443
e ZAEIbFE%5L  Industrial diversification index 0.206 0.748 0.287 0.532 0.443
AKX LML E T Green coverage rate of built-up area/% 0.449 0.296 0.421 0.540 0.426
V5 /KALBE#  Sewage treatment rate/ % 0.480 0.428 0.469 0.360 0.434
i WO B — R /AT
. . ?‘i)?fiﬂl RIS NS H) 7 0.846 0.823 0.742 0.410 0.705
Expenditure within the general budget of local finance/ 10" yuan
R HEI Y Urban construction land area/km” 0.707 0.619 0.601 0.577 0.626
=L R TR R
,F’:ib ks L . 0.389 0.313 0.505 0.397 0.401
Growth rate of employees in secondary and tertiary industries/%
i GDP Lk AR () 2Bk / (¢ 4250 ™
%1 EI (,*ﬁ, ) iﬁkﬁi,i 4 8) - 0.450 0.528 0.514 0.232 0.431
Industrial smoke (dust) emission per unit GDP/(t- 10" yuan ')
Vi GDP TP /KA /(¢ 2ot
e B/ (¢ 1L5G ) 0.064 0.269 0.412 0.498 0.311

Industrial wastewater discharge per unit GDP /(t-10° yuan™)
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Fig. 3 Thermal map of interactive detection of influencing factors of transformation efficiency in
Shaanxi-Gansu-Ningxia resource-based cities
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