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Abstract

During the "14th Five-Year Plan" period, we must unswervingly
implement the new development concepts of innovation, coordination,
greenness, openness and sharing. Innovation and development are at the
forefront and are the primary driving force for development. Among them,
the construction of innovative cities is an effective way for China to
vigorously develop scientific and technological innovation. By improving
the allocation efficiency and utilization efficiency of innovation resources,
it can achieve the purpose of enhancing regional and urban innovation
capabilities. In this context, it is important to establish the innovation
efficiency evaluation system of innovative pilot cities, analyze the
differences in innovation efficiency of cities, and explore the factors
affecting innovation efficiency, so as to improve the innovation efficiency
and innovation capability of cities, lead the innovation-driven
development of cities, and build an innovative country.

On the basis of absorbing the innovation theories and research
results of domestic and foreign scholars, this paper uses the three-stage
super-efficiency SBM-DEA model to measure the innovation efficiency
of 75 innovative pilot cities in China. With the help of the natural fracture
method, the spatial and temporal changes and differences of urban

innovation efficiency between 2010 and 2019 are analyzed. On this basis,
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by establishing fixed and stochastic models to further explore the
influencing factors of urban innovation efficiency, it aims to provide
theoretical reference and practical guidance for improving urban
innovation efficiency, building innovative cities, and promoting
high-quality economic development. The research results show as
followed. (i) Using the three-stage super-efficiency SBM-DEA model to
calculate the innovation efficiency of innovative pilot cities, the changes
in urban innovation efficiency fluctuate greatly. The efficiency value after
the three-stage calculation is significantly different from the efficiency
value of the first stage, and the innovation efficiency has been improved
in different degrees, indicating that the three-stage calculation after
excluding environmental factors and random error terms is necessary.
Among the environmental factors, the industrial structure and government
expenditure will cause the redundancy of innovation efficiency input, and
the degree of opening to the outside world will reduce the redundancy of
innovation input. (i1) The innovation efficiency of innovative pilot cities
has obvious differences in time and space. From the perspective of time,
the fluctuation of urban innovation efficiency is relatively large. From
2010 to 2019, the overall urban innovation efficiency basically showed an
upward trend. However, in 2017, the innovation efficiency dropped
significantly; from a spatial point of view, the regional differences in

innovation efficiency of innovative pilot cities are obvious. The growth
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rate of innovation efficiency in the eastern region is in a leading position,
and the growth rate of the western region is faster than that of the central
region in the later period. It can be seen that the efficiency of urban
innovation has been significantly improved, and most of the
high-efficiency cities are concentrated in eastern cities, provincial capitals
and municipalities directly under the Central Government. (iii) The
amount of foreign investment has a negative impact on the improvement
of innovation efficiency in innovative pilot cities, and has a significant
positive impact on talent agglomeration and financial development level,
and the role of government functions is not obvious. The results show that
human capital and financial development level are important factors
affecting innovation efficiency. High-quality talents can promote the
successful development and smooth implementation of innovation
activities in the regional innovation system. A mature financial market
environment is conducive to enterprises to obtain funds with less cost and
risk. More and more financial institutions have begun to tilt their funds to
high-tech enterprises, which is also conducive to forcing technological
progress of enterprises and improving the efficiency of urban innovation.
Based on the above conclusions, this paper proposes policies and
measures to tap the potential of medium and low-efficiency cities,
strengthen inter-regional exchanges and cooperation, actively utilize

foreign advanced knowledge and technology, cultivate high-quality R&D
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talents, enhance the efficiency of government capital use, and vigorously
develop financial technology. , to promote the improvement of urban

innovation efficiency.

Keywords: Innovative pilot city; Innovation efficiency; Three-stage super

efficiency SBM-DEA model; Influencing factors
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TRIHT S5, JREHT (2011 K 0UHT BT R0 R 3= S 80T Tl
TR SO TR RS AT 4 K3 U5, g BRI IIAN N
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IARNERT] K22 AN AR 22 IEHF ST LA 2 18] R RNR S 35S0t B8 38R AT 25
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=W Bt A% SBM-DEA B £ A = AHrEL.
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TG 75 S ELA i)
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M xR

R1EMBRTHAIF UL R

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

JextTi 0.551 0.541 0.604 1.007 1.184 1.191 1244 1.164 1.102 1.057
KT 0.249 0245 0276 0376 0416 0.569 0.636 0.657 0.744 0.766
FF T 0.281 0.306 0.251 0310 0551 0298 0241 0290 0.279 0.358
JE T 1.108 1.140 1.039 1.083 1.122 1.186 1.135 1.021 1.062 1.090
ZRHERW 1.101 1.043 1.037 1.066 1.072 1.133 0.848 1.083 1.001 1.080
YN 0.191 0.210 0.183 0.240 0.213 0.234 0223 0.230 0.183 0.227

IR R Tl 1.094 1.074 1.070 1.084 1.019 1.054 1.079 1.108 1.605 1.950

(IS 0.155 0.223 0320 0398 0.287 0.228 0.199 0338 0.232 0.276
PLRA T 0.160 0.166 0.138 0.182 0.185 0.242 0.190 0.223 0.213  0.257
KEETT 0.180 0.195 0.140 0.191 0.200 0375 0.193 0.292 0.161 0.228
KA 0.635 0.721 0985 0422 0552 0339 0407 0286 0.279 0.348
B 0.187 0342 0215 0.171 0.148 0309 0.488 0.501 0.333 0.255

W 7R T 0.166 0.267 0.289 0411 0469 0551 1.071 0422 0319 0.281

g 1.405 1.219 1.195 1.157 1.141 1.130 1.149 1.126 1.128 1.126
AT 0.254 0.293 0290 0357 0444 0493 0538 0418 0.548 0.635
p At 0.614 0.684 0904 0810 0.800 0.776 0.770 0.580 0.814 0.700
AR T 0438 0368 0343 0459 0465 0302 0310 0.346 0.253 0.319
w5 T 0.337 0463 0441 0554 0.623 0495 0438 0426 0417 0478
piylin) 1.824 1935 1864 1.637 1417 1464 1401 1336 1306 1.219
P TIT 0.596 0.721 0.664 0.628 0423 0.530 0514 0439 0402 0412

BT 0.154 0.192 0304 0351 0447 0343 0305 0.378 0.293 0.262

I T 0.202 0.243 0244 0302 0307 0.286 0.268 0.363 0.337 0.375
7P 0.259 0406 0462 0557 0.567 0.529 0505 0478 0.556 0.490
VLT 0.435 0.551 0490 0556 0.668 0.580 0.550 0.547 0.560 0.464
ZIN T 0421 0.621 0.646 0.649 0.788 0.608 0.551 0455 0493 0470
BOH T 0.444 0459 0471 0557 0.556 0.600 0591 0.519 0.528 0.625
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% 0.344 0477 0430 0549 0.662 0490 0493 0410 0455 0.516
1M T 0.561 0.744 0.747 1.095 1.242 1.153 1.052 0.785 0.825 0.781
LT 0463 0.736 0.809 1.085 1.046 0.747 0.748 0.750 0.765 1.103
AT 0428 0482 0480 0.623 0.731 1.090 1.026 0.689 0.689  0.585
T 0.544 0.677 0.750 1.094 1.095 1.029 0.840 0.623 0.602 0.655
& HETT 0.104 0314 0201 0.298 0.300 0.267 0.216 0242 0.229 0.271

Lyl i 0.233 0311 0267 0456 0419 0398 0333 0.339 0375 0.318

JEIITIT 0.235 0388 0362 0461 0400 0308 0315 0307 0.289 0.269
FE M T 0443 0.640 0.465 0375 0407 0418 0401 0301 0272 0.331
RN T 1.088 1.164 1268 1508 1460 1.713 1.854 1485 1.895 1.999
Y %=ait] 0446 0.595 0494 0539 0356 0403 0543 0414 0370 0.320
JZ T 0.267 0364 0357 0416 0412 0457 0430 0393 0434 0.576
ZI=hit] 0.187 0398 0370 0370 0.348 0347 0353 0231 0.231 0.237

SR 1.164 1.097 1.162 1257 1.372 1.000 1.154 1.066 1.123  2.061

AT 1240 0.489 1.000 1.000 1000 1.177 1215 1400 1521 1320
T 0.864 0380 1.014 0493 0.500 0.855 0.905 0.599 0.713 0.518
GrEa T 0.503 0.802 0.545 0.553 0.709 0.565 0.579 0.508 0.384 0377
M & T 0.163 0234 0269 0248 0211 0212 0.173 0.189 0.155 0.214
Y T 0228 0342 0274 0362 0455 0391 0332 0334 0310 0.389
sl 0350 0.613 0.475 0491 0480 0.503 0502 0489 0.522 0.503
FRE T 1.060 1.087 0.883 0.693 0.757 0981 0.829 0.721 0.771  0.736
N 0209 0360 0295 0378 0439 0512 0482 0325 0507 0.451
1 BE T 0295 0256 0268 0322 0321 0298 0269 0236 0208 0212
74 FH T 0.119 0.174 0.165 0212 0.199 0278 0271 0228 0207 0236
] 0386 0.434 0.659 0462 0359 0382 0402 0334 0374 0.441
HET 0.196 0303 0251 0330 0.269 0.188 0207 0241 0263 0.298
$EPH T 0.623  0.490 0346 0378 0.121 0.126 0.133  0.108 0.108 0.145
Kb 0205 0.267 0.404 0383 0.385 0.552 0.600 0.348 0.480  0.409
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BR1 B—HBIRTRIFBRER

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
PR T 0.472 0259 0.649 0615 0599 0392 0422 0354 0302 0275
i pH T 1.103  1.167 1.176 1.164 1.205 1.147 1.185 0.720 0.522 0.484
ikl 1.116 1.190 1.088 1.166 1.119 1.141 1.123 1067 1.188 1.067
TN 1.169  1.150 1.171 1205 1341 1416 1480 1.537 1452 1.533
il iy 1.059 1.110 1.041 1.051 1.141 1.025 1.005 0.798 0.878 1.087
REETH 1.654 1314 1327 1.112 1121 1.120 1.200 1453 1.509 1.649
[EERlif] 0.142 0.171 0.150 0205 0223 0314 0371 0282 0259 0261
T 0.479 0409 0481 0504 0.731 0.827 0477 0.727 0.742  0.890
N 1.029 0565 1.071 1.023 1059 1153 1223 1137 1163 1.177
AT 1.159  0.627 1.071 1.184 1.136 1.078 1.040 1.008 0.925 0.819
BEPHTH 0216 0220 0.194 0238 0205 0284 0.183 0212 0.196 0.236
T 0245 0.170 0243 0392 0468 0377 0233 0262 0262 0316
BT 0.194 0.168 0.152 0231 0238 0234 0241 0247 0261 0.344
Bt 1221 1335 1249 1.192 1.191 1245 1.197 1.087 1.101 1.098
i3] 0.542  0.660 0.629 0.684 0460 0369 0752 0.658 0.682 0.763
EXG T 0354 0599 0.444 0.693 0498 0.599 0397 0.329 0352 0.372
DT 1.069 1.073 1067 1.094 1046 1.144 1081 1232 1.099 1.000
2T 0229 0302 0288 0422 0443 0369 0409 0344 0395 0373
iRl 0.500 0.496 0.400 0298 0289 0367 0.627 0.538 0.485 0.999
BT 0.306 0.132  0.100 0.173 0.178 0265 0243 0243 0244 0275

LERFH 0285 0423 0329 0297 0263 0386 0284 0287 0265 0.247

R2 FEMBRBHAFBELER
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
Jbxti 0.777 0.790 0.863 1.007 1.185 1213 1248 1.175 1.102 1.057
KT 0.522  0.575 0.68 0.668 0.745 0.774 0.804 0.862 0.805 0.936
AR T 0362 0419 0504 0.541 0.609 0527 0508 0.506 0.599 0.577
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JE 0.909 0983 1.036 1.078 1.062 1.158 1.056 1.083  1.063  0.999
ZRE T 0.830 0912 1.014 1.023 1.064 1.097 0.781 0.759 0.822 0.861
y N 0242 0294 0262 0336 0385 0369 0.423 0.388 0395 0.418

A R T 0.800 0994 1.000 0.999 0.886 0.999 0.999 1.008 1.398 1.461

ki 0.683 0.550 0.699 0.699 0.699 0.697 0.794 0426 0411 0.438
TCBH T 0442 0462 0.559 0.562 0.525 0.520 0.509 0473 0455 0.508
KEET 0.365 0320 0210 0257 0279 0392 0330 0455 0273 0329
K& 0910 0.894 0962 0.600 0.669 0.556 0.554 0495 0.502 0.554
Bt 0994 0998 0.658 0.513 0.299 0.502 0.698  0.737 0.375 0.283

W RV T 0.841 0995 1.000 1.000 1.000 1.008 1.069 1.000  1.000 1.000

Betisan) 1.253 1.140 1.070 1.070 1.063 1.057 1.060 1.059 1.056 1.077
P 5T 0.523 0488 0496 0.645 0.812 0.675 0.814 0.859 0.764 00915
T 1.002 0.873 1.051 1.002 0912 0.856 0.896  0.788 0.729 0.791
PRIN T 0.622 0.683 0.670 0.831 0.900 0.683 0.820 0.514 0.519 0.554
i M T 0419 0448 0492 0.707 0.773 0.649 0.636  0.547 0.589 0.631
FRM T 1.306 1353 1.367 1.350 1.055 1.127 1.032  0.843 0.791 0.826
P T 1.093 1.227 1.139 0.890 0.732 0.726 0.821 0.628 0.586 0.584

R T 0.238 0222 0333 0415 0.513 0365 0.365 0372 0341 0313

g 0432 0441 0422 0446 0509 0313 0497 0430 0.599 0.612
7PN 0425 0462 0.508 0.822 0.802 0.637 0.751 0.571 0.743 0.714
BT 0.712 0.661 0.597 0.728 0.800 0.661 0.711 0.591 0.601 0.583
ZRIN T 0.639 0.656 0.688 0.796 0.886 0.649 0.701 0475 0577 0.567
AT 0.714 0.750 0.798 1.011 1.013 1.007 00911 0.892 0.775 0.851
BT 0.601 0574 0.515 0.673 0.639 0.619 0.621 0482 0.533 0.529
W T 0.793 0.738 0.759 1.042 1.127 1.080 1.033 0.552 0.640 0.595
e 0.709 0.806 0.846 0.823 0.748 0.795 0.651 0477 0573 0.523
ZEpaa) 0.702 0.530 0.526 0.712 0.702 0983 0.835 0.663 0.678 0.548
T 0.891 0926 0956 1.102 1.098 1.036 0.894 0.844 0.686 0.655
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BR2 BEHBORTRIFBRER

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

=y 0295 0440 0383 0.578 0.712 0.606 0.571 0.561 0.605 0.580

LT 3l 0.253 0305 0273 0481 0467 0420 0357 0282 0336 0.345

FEWA T 0.424  0.596 0519 0.566 0.514 0423 0431 0294 0355 0.366
KM T 0.677 0.815 0.727 0.621 0.635 0.670 0.611  0.532 0486 0.573
SR T 0.829 0941 1.085 1.068 1.000 1.176 1.255 1.121 1351 1.173
y%z=Ni) 0.486 0489 0445 0510 0383 0.383 0505 0.350 0337 0.324
JZ T 0.321 0405 0396 0429 0.440 0575 0486 0.424 0453  0.423
AT 0370  0.510 0.504 0.571 0.546 0.544 0.585  0.389 0.445 0.402

SBET 0.800 0.874 1.000 1.000 1.000 0.859 0.939 1.000  1.055 1.000

A 0228 0.232 0213 0.191 0.146 0234 0317 0.339 0350 0.263
&y 0.617 0504 0.637 0.581 0.631 0.709 0902 0.797 0.775 0.725
BrrgTi 1.010 1.009 1.009 1.012 1.032 1.009 1.006 1.000 0.996 1.024
aili 0318 0305 0.325 0.349 0318 0335 0281 0301 0245 0.293
b i 0.448 0.447 0385 0.545 0.664 0.586 0.471 0458 0393  0.448
et 0.649 0.687 0.626 0.689 0.696 0.722 0.710  0.501 0.645 0.554
RET 1.033 1.040 0.789 0.568 0.574 0846 0.701  0.651 0.617 0.530
HN T 0.700 0.695 0428 0.568 0.740 0.710 0.694 0.713 0.720  0.705
HER T 0.998 0.817 0999 0.750 0.917 0.711 0.818  0.409 0.684 0.983
7 FH 7 0.593 0530 0.517 0431 0454 0566 0.639 0326 0482 0.539
)] 1.002 1.003 1.003 1.004 1.000 1.000 1.000 1.000 1.000 1.000
HE 0375 0501 0.547 0.588 0.536 0.450 0.534  0.414 0.622 0.665
e 1.000  1.000 0.999 0.899 0.797 0366 0479 0394 0409  0.445
Kb 1.000  1.000 1.008 1.000 1.005 1.000 1.012 1.000 1.000 0.866
PR 0.694 0.400 0.580 0.707 0.739 0.627 0.647  0.435 0.999 0.453
i BE T 1.052  1.081 1.098 1.106 1.129 1.073 1.108 0.937 0.898 0.883
I T 1.142  1.157 1.128 1.165 1.148 1.165 1.155 1.076 1267 1.103
YT 1248 1222 1254 1274 1.660 1757 1.642 1446 1432 1455
il 1.097 1.048 1.026 1.031 1.109 0971 0936 1.027 0.884 1.000
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REET 1.075 1.057 1.042 1.119 1.137 1.112 1.270 1430 1.664 1.925
BT 0306 0339 0272 0356 0477 0547 0549 0412 0392 0.386
T 0.562 0420 0.545 0576 0.651 0.642 0.532 1.10.7 0.828 0.905
HIRT 1.057 1.024 1.082 1.013 1.052 1.139 1.168 1.122 1.163  1.183
BCHR T 1.071 1.003 1.068 1.197 1.159 1.112 1.050 1.056 1.001 0.871
5B T 0411 0309 0271 0356 0411 0447 0420 0342 0530 0.570
T 0986 0997 0.998 0998 0.999 0.766  0.995 0.601 0.824 0.999
T 0300 0.253 0.227 0361 0466 0412 0.532 0441 0.440 0.593
EREA) 1.000 1.000 1.000 1.000 1.000 1.060 1.050 1.000 1.000 1.000
V422 T 0983 1.047 1.031 1.067 1.002 0.770 1.074 0.675 0.644 0.789
TG T 0.533  0.529 0.585 0.729 0.609 0.882 0.461 0.327 0335 0313
AT 0.900 1.000 1.034 1.050 1.026 1.000 1.052 1.038  1.000 1.000
2T 0332 0414 0428 0.611 0.631 0503 0.590 0.539 0.661 0.802
i) 0.600 0.609 0.561 0376 0374 0341 0.740 0.999 0910 1.000
)1 0.484 0.157 0.125 0.222 0236 0338 0.286  0.317 0.350 0.390

IER = Y i) 0.426 0460 0349 0.384 0.413 0.575 0407 0434 0.389 0.400
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BOHEST « M S SEDRAE AT RS, SR AIE, ORI A 1T 2 Ml i &,
AT REAE LA L 2 B OB AT AR
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71, ARZFF AR EEA N EXFERZ I, SRR RIS, EXF=200, ISR
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