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Figure 1 Mechanism of impact of innovation city pilot policy on total factor energy efficiency
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Table 2 The impact of innovation-driven policies on total factor energy efficiency
At 1) 2 (3) (4) (5) (©6)
Inno_policy 0.026%** 0.028%** 0.030%** 0.03 1 *** 0.031#** 0.033%**
(4.32) (4.826) (5.197) (5.224) (5.378) (5.70)
Inagdp 0.158%** 0.160%** 0.160%** 0.139%%*%* 0.142%%*
(19.078) (19.191) (19.216) (14.867) (15.48)
human —0.007** -0.007** —0.007*** -0.004
(-2.353) (-2.341) (-2.579) (-1.33)
ener_stru 0.026 0.029 0.036
(1.011) (1.116) (1.43)
market 0.006%** 0.005%**
(4.790) (4.29)
agreen —=0.107***
(-13.22)
constant 0.285%%*%* —1.225%** —1.225%%* —1.242%** —1.086%** —1.099%**
(198.34) (-15.473) (-15.489) (-15.357) (-12.468) (-12.88)
City FE yes yes yes yes yes yes
Year FE yes yes yes yes yes yes
N 4480 4480 4480 4480 4480 4480
R 0.650 0.678 0.679 0.679 0.680 0.693
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Figure 2 Parallel trend test
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Table 3 The robustness test of innovation-driven policies on total

factor energy efficiency (1)

()] (@) 3 “)
ARtk PSM-DID  #ffefiifid Jrid: R Al
Inno_policy 0.016** -0.302%** 0.033%**  (.028%**
(2.32) (-2.36) (5.73) (4.65)
smart_policy -0.003
(=0.55)
ven_policy 0.015%*
(2.49)
constant -1.302%** 22.359%%* —1.102%**  —1.108***
(-12.01) (11.70) (=12.90) (-12.98)
controls yes yes yes yes
City FE yes yes yes yes
Year FE yes yes yes yes
N 3292 4480 4480 4480
R 0.705 0.877 0.693 0.694

T4 QIFTERNBORN £ E R RN RRTE ML (2)

Table 4 Robustness test of innovation-driven policies on total factor

energy efficiency(2)
() @ (3 “
R T W veasts
Inno_policy 0.032%%** 0.027%%*  0.049%** (.058***
(5.545) (4.523) (7.38) (3.31)
emission_policy 0.010%*
(1.746)
environment_policy 0.017%**
(2.918)
constant =1.094%%%  —].133%%% —].004%** —]1.246***
(-12.817)  (-13.170)  (=7.52)  (-9.68)
controls yes yes yes yes
City FE yes yes yes yes
Year FE yes yes yes yes
KP- LM 2828.981 485.692
[0.000]  [0.000]
Wald rk £ 8047.334 508.155
[0.000]  [0.000]
N 4480 4480 4200 4430
R 0.693 0.694 0.126 0.123
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Figure 3 Results of placebo test
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Table 5 Heterogeneity analysis of innovation-driven policies on total factor energy efficiency

(1) (2) (3) “ ) Q)
ARtk ITT AL ARG HR BEIRALTT PR L5 2004 4F 2004—2005 4F:
Inno_policy 0.022%** 0.020** 0.034%** 0.044%** 0.063*** 0.056%**
(2.93) (2.51) (5.16) (5.84) (5.83) (4.05)
Inno_policy % 0.023**
Rank (2.16)
Inno_policy % 0.024**
Region (2.35)
Inno_policyx -0.027*
Resource (-1.95)
Inno_policyx -0.134%*
Regular (-2.36)
Inno_policy % —0.105%** -0.089*
Energy h (-3.31) (-1.88)
Constant =1.107%%** =1.120%** 0.304%** =1.101%%** —1.074%%* -1.080%***
(=12.96) (=13.06) (65.39) (-12.91) (-12.55) (-12.57)
controls yes yes yes yes yes yes
City FE yes yes yes yes yes yes
Year FE yes yes yes yes yes yes
N 4480 4480 4480 4480 4480 4480
r 0.694 0.694 0.664 0.694 0.694 0.693
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Table 6 Mechanism test results of innovation-driven policies on total factor energy efficiency
(1) (2) 3) (4) (5) (6) (7)
Ap Energy gk HE R Energy Ry =4 Energy el 4 Energy
Inno_policy 0.033*** 0.303*** 0.03 [#** 0.007%%** 0.032%** —0.024*** 0.027%%*
(5.701) (7.557) (5.316) (2.969) (5.568) (-8.063) (4.324)

@M 0.007***
il (3.023)
= 0.101%**
it (2.861)
|4 —0.267%%*
dith (-11.586)
constant ~1.099%** -1.362%* —-1.090%** 1.132%*%* —-1.214%** -0.984*** —0.557***

(-12.884) (-2.273) (-12.783) (30.447) (-12.885) (-22.539) (-12.320)
controls yes yes yes yes yes yes yes
City FE yes yes yes yes yes yes yes
Year FE yes yes yes yes yes yes yes
N 4480 4480 4480 4480 4480 4480 4480
r 0.693 0.914 0.694 0.881 0.694 0.883 0.685

BA BRIl BRI AR BAT i il
YER, B b 85/ DL fb Be A% I 5 4 FHRE RSO . Ul
W1 L 2504 1 Ak 5 56 B T+ 9% Re B 4 B AR BB I 1Y
T RFHAE, IMRER (280 R e, PRI, fRisE 2 T .
4.6 ZTEI QTS
4.6.1 =9 AARRA TS

FEZS [ TR APATTR , 1 B T 25 0] A AH DG K
B o AR S HUIE T b B B R R ) 4 SR B
F5 % (Moran” 1) 6 56 18 U I RE IR RICR 1) 25 [1]
A G, 25 R 3 7 s, i 5 B 9 Moran” 1
BACEAR o IE 2 H S 3 a3 R IR AR
Moran’ I8 BT 1% 0 EE KT A IE , R A
B FNRE IR AR AR I AE AR 23 [B) A AHOCHE , B = F e 2
[ 531 FAFERE R I .
4.6.2 =8t 2 AR 69 b B B A I

ASCAR Y Elhorst (9 RV, B 4EiE T LM A5, W

&7 2010—2019 5 Moran’s I$5#]
Table 7 Moran’ s [ index, 2010-2019

A BIFTHOR A2 ZRRRIHAL P BIFTBOR 42 ABIHAL
Moran’ I  * Moran’ [ Moran’ I ¥ Moran’ [
2010 -0.006 0.053%** 2015 0.018***  (0.064***
2011 0.002 0.056%** 2016 0.018***  (.057***
2012 0.003* 0.062%** 2017 0.018***  0.061***
2013 0.018%** 0.028*** 2018 0.030%**  (.054***
2014  0.018%** 0.034%** 2019 0.030%**  (0.075%**
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Table 8 Lagrange multiplier (LM) test

=

oL oE =gy L TWIRES Ewanicl piH
LM _errorf4% LM_error 1722.408 0.000
LM _error robust  461.752 0.000

LM laghi3%  LM_lag 1446.334 0.000
LM lag_robust 185.678 0.000
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Table 9 Regression results of the spatial model

(1) (2) (3) (4)

AR Main LR Direct LR Indirect LR Total
p 0.479%**  0.027***  0.614%**  (.642%**
(5.07) (4.76) (3.83) (4.00)
inno_policy 0.026%**
(4.55)
Wxinno_policy — 0.304%**
(4.73)
sigma’_e 0.006%%*
(47.27)
controls yes yes yes yes
City FE yes yes yes yes
Year FE yes yes yes yes
N 4480 4480 4480 4480
R 0.218 0.218 0.218 0.218
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Impact of innovation—driven policies on total factor

energy efficiency:
Based on the national innovation city pilot policy

KONG Linggian”?, WANG Mengle®, YU Shihai*

(1. Ecological Civilization Research Institute, Zhejiang A&F University, Hangzhou 311300, China; 2. School of Economics and
Management, Zhejiang A&F University, Hangzhou 311300, China; 3. School of Economics, Capital University of Economics and
Business, Beijing 100070, China; 4. School of Business, Guilin University of Technology, Guilin 541004, China)

Abstract: [Objective] Improving energy efficiency is of great significance for energy conservation
and carbon reduction, and revealing the impact of innovation-driven policies on energy efficiency
and examining its mechanism of impact can provide a scientific basis for promoting high- quality
economic development. [Methods] Based on the panel data of 280 prefecture-level cities from 2004
to 2019, this study used the super-slacks-based measure (SBM) method to measure the total factor
energy efficiency and the multi-period difference-in-differences model to investigate the impact of
the national innovation city pilot policy on total factor energy efficiency. [Results] (1) Innovation-
driven policies, represented by the national innovation city pilot, can significantly promote the
improvement of urban total factor energy efficiency. Compared with non-pilot cities, the total factor
energy efficiency of pilot innovation cities increased by 3.3% on average. (2) The impact of the
innovation city pilot policy was more obvious in cities with higher administrative levels and better
location advantages, non resource-based, with weaker environmental regulations and low initial total
factor energy efficiency. (3) Green technology innovation level and industrial structure optimization
were the important mechanisms of innovation city pilot policy promoting the improvement of total
factor energy efficiency. (4) Extended analysis showed that there was a positive spatial spillover
effect of innovation-driven policies on total factor energy efficiency. [Conclusion] Therefore, we
should pay attention to the lessons learned and dissemination of experience from the innovation city
pilot policy implementation, strengthen the overall planning and cooperation of various regions,
increase the support for green technology innovation, and optimize the industrial structure, in order
to promote the improvement of total factor energy efficiency.

Key words: innovation city pilot; total factor energy efficiency; green technology innovation;

industrial structure; environmental regulation
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