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An innovation-driven model and multi-dimensional evaluation of
industrial transformation in resource-based regions:
A case study of the Yellow River m-shaped Curve Area
Sun Yifang, Chen Qiuji

College of Geomatics, Xi’ an University of Science and Technology, Xi’ an 710054, China
Abstract Industrial transformation in resource-based regions is constrained by path dependence, ecological
pressures, and insufficient collaborative innovation. Existing studies have paid insufficient attention to dynamic
transition mechanism and multi-dimensional efficiency assessment in these regions. Using the Yellow River -

shaped Curve Area as a case study, this paper constructed a three-dimensional " factor-temporal-actor" analyt-

ical framework and integrated dissipative structure theory with a DEA-Malmquist-BCC hybrid model to examine
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dynamic and static efficiency as well as spatiotemporal differentiation from 2010 to 2022. Findings revealed:
(DInnovation levels exhibited multi-dimensional and uneven gradient evolution across the region. Growing cit-
ies developed a technology-finance dual-driven pattern through resource reinvestment, whereas provincial cap-
itals experienced a mismatch between policy support and technological innovation. (2)Innovation synergy exhib-
ited both temporal growth and spatial differentiation. The synergy index of provincial capitals and regeneration-
oriented cities remained significantly above the regional average. Growing cities achieved annual increases of
5.8% ~6.0% , whereas declining cities faced rising marginal costs in improving innovation coordination. (3)
Industrial transformation capacity displayed significant spatiotemporal differentiation. The energy-rich northern
region benefited from advantages in technological industrialization, whereas the ecologically fragile southern re-
gion was constrained by path lock-in and insufficient economies of scale. Industrial transformation trajectories
could therefore be categorized into fluctuating-improving, fluctuating-declining, and fluctuation-rebound types.
(@Industrial transformation total factor productivity (TFP) declined by an average of 2. 3% annually, mainly
due to the simultaneous decline in technical and scale efficiency. Spatially, the region exhibited a gradient
pattern characterized by stronger performance in the east and north. By integrating stage-specific interventions,
cross-scale governance frameworks, and dynamic feedback mechanisms, this study proposes a sustainable
pathway for resource-based regions to suppress entropy growth, delay path lock-in, and stimulate industrial

transition. The findings provide theoretical support and policy implications for overcoming transformation traps

and promoting innovation-oriented coordinated development in the Yellow River Basin.
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Fig.3 The four-level collaborative mechanism for industrial transformation in resource-based cities
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shaped Curve Area from 2010 to 2022
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Tab.4 Dynamic effectiveness and decomposition of industrial transformation based on innovation-driven approach in the

mr-shaped Curve Area and cities from 2010 to 2022

Ay EFFCH TECH PECH SECH TFPCH| ¥%fi  EFFCH TECH PECH SECH TFPCH
2011—2010 0.984 0.965 0.991 0.994 0.950 || ELE/K  0.985 0.992 1.004 0.981 0.977
2012—2011  0.979  1.032 1.000 0.979 1.010 || fusk 1.000  0.979 1.000 1.000 0.979
2013—2012  1.095 0.872 1.021 1.073  0.955 || KAl 0.965 0.997 0.987 0.977 0.962
2014—2013  0.834 1.149 0.969 0.86  0.959 || %W/RZHT 0.979 0.988  0.98  0.993  0.967
2015—2014  0.978 0.998 0.989 0.989  0.976 || FEFIFEEE  1.009  0.99 1.01  0.999  0.999
2016—2015 1.002 0.953  1.003 1.000 0.955 || ¥ 0.972  0.996 0.999 0.973 0.968
2017—2016  1.035 0.920 1.000 1.036 0.953 || B 0.945 0.998 0.981 0.963 0.943
2018—2017 0.933  1.044 0.981 0.951 0.975 || AW 0.985 0.984 0.994 0.991 0.969
2019—2018 0.996  0.991  1.006  0.99  0.986 | ¥AM 0.979 0.991 0.998 0.981  0.97
2020—2019 0.989  1.004 1.000 0.989  0.992 | KJ& 1.000  0.992 1.000 1.000 0.992
2021—2020 1.004 1.000 1.000 1.003 1.004 | L2 0.996 0.975 1.000 0.996 0.971
2022—2021 1.004 1.000 1.000 1.004 1.005 | & 0.988 0.988 1.000 0.987 0.975

T 0.984 0.992 0.997 0.988  0.977 || M 0.98 1.000 1.000 0.98  0.980

HE 1.000  1.009 1.000 1.000 1.009
1 0.991 0.994 1.001 0.991 0.985
Wik 0.982 1.008 0.984 0.999  0.99
H 0.981 0.985 0.999 0.982 0.966
S 0.984 0.992 0.997 0.988 0.977
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Tab.5 Static validity of industrial transformation based on innovation-driven approach in the mr-shaped Curve Area and cities

from 2010 to 2022

BRAT 2010 4E 2011 4F 2012 4E 2013 4 2014 4E 2015 4F 2016 4E 2017 4F 2018 4E 2019 4F 2020 4E 2021 4F 2022 4
ELEMK  0.953 0.926 0.895 0.872 0.852 0.821 0.803 0.78 0.763 0.748 0.733 0.719 0.706
13 1,000  1.000 0.963 0.827 1.000 0.949 0.887 0.899 0.848 0.846 0.862 0.862 0.864
K[ 0.839  0.759 0.790 0.754 0.732 0.715 0.657 0.687 0.612 0.584 0.569 0.560 0.551
WORZMF  1.000  0.943  0.848 0.826 0.799 0.776 0.778 0.752 0.716 0.691 0.693 0.686 0.679
PEAIEEE  0.793  0.809  0.812  0.733  0.800 0.797 0.804 0.804 0.768 0.758 0.750 0.743  0.736
% 1,000  0.951 0.976 0.932 0.858 0.862 0.808 0.842 0.776 0.747 0.734 0.727 0.719
B 0.894 1.000 0.951 0.821 0.704 0.700 0.676 0.703 0.631 0.603 0.590 0.580 0.570
LWL 0.834 0.787 0.757 0.753 0.766 0.716 0.668 0.666 0.635 0.613 0.598 0.590 0.582
B 1.000 0.960 1.000 0.989 0.863 0.862 0.825 0.848 0.801 0.753 0.737 0.733 0.730
KJE 1,000 0.969 1.000 0.909 1.000 1.000 0.951 1.000 0.942 0.991 0.997 1.000 1.000
13§ 1.000 0.984 0.965 0.996 0.926 1.000 0.956 0.936 0.920 0.818 0.804 0.794 0.785
S 0.960 0.918 0.922 0.924 0.880 0.855 0.781 0.766 0.747 0.743 0.726 0.716 0.706
M 1,000 1.000 0.971 0.991 0.911 0.871 0.850 0.892 0.838 0.788 0.770 0.758 0.750
E4E 1,000 0.952 1.000 1.000 0.979 0.993 1.000 0.804 0.988 1.000 0.996 0.998 1.000
1| 0.760 0.699 0.688 0.672 0.693 0.668 0.674 0.645 0.632 0.615 0.604 0.596 0.588
Tk 0.906 0.848 0.852 0.839 0.822 0.801 0.818 0.627 0.775 0.806 0.792 0.786 0.787
Ciltl 0.987 0.956 0.931 0.992 0.864 0.827 0.804 0.78 0.761 0.743 0.725 0.710 0.694
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