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Fig. 1 The impact of manufacturing agglomeration on carbon emission performance under different externality conditions
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Table 2 Descriptive statistics of variables
CEP 0.702 9 0.569 5 0.082 2 5.009 3
MA 0.102 3 0.210 5 0.000 4 1.5350
DI 0.114 2 0.142 5 0.003 8 0.9190
EPU 0.862 9 0.630 1 0.027 7 3.798 1
IS 0.4550 0.0853 0.161 6 0.614 8
ES 0.450 7 0.216 1 0.024 8 0.960 9
UL 0.5459 0.1357 0.274 6 0.896 0
EG 10.135 5 0.579 5 8.544 7 11.6259
TO 3.261 0 2.724 0 0.739 0 21.514 0
1 perGDP; L
—
W2: W = {d,; perGDP, / 3.2 —
0 1=y H1
1
1 erGDP.\2 . .
- w3 T (pil) LF]
W3 sz = dl;,- perGDP,
. W1.W2
0 =y
d; i perGDP,(k =i w3 Hausman N ( LR)
h k GDP . ( Wald)
w2 W3 .3 Hausman test 1%
Wald
LR SDM SAR
Moran’ s I 10% SEM
3
Table 3 Model selection test
w1 w2 w3
Z P 7 P 7 P
Hausman 51.92 0.000 0 52.16 0.000 0 57.73 0.000 0
Wald 102.73 0.000 0 105.12 0.000 0 108.22 0.000 0
Wald 101.55 0.000 0 99.61 0.000 0 104. 88 0.000 0
LR 92.00 0.000 0 96.32 0.000 0 96. 84 0.000 0
LR 90.78 0.000 0 94.87 0.000 0 95.57 0.000 0
Hausman 51.92 0.000 0 52.16 0.000 0 57.73 0.000 0
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Table 4 Impact of manufacturing agglomeration on carbon emission performance
( CEP)
FE SDM( w1) SDM( W2) SDM( W3)
(1) (2) (3) (4)
MA 0.053** 0. 442 ** 0.397** 0. 4767
MA? -0.006" -0.045" -0.021** -0.034**
MA3 0.005" 0. 004 ** 0.004" 0. 002 **
1S -0.162** -0.198** -0.202** -0.220**
ES -0.795" -0.909 ** -0.813** -0.859**
UL -0.939 -0.107** -0.261" -0.181**
UL? 1.341° 0.034" 0.383** 0.090"
EG -1.815" -0.839 -1.462" -0.248**
EG? 0.131" 0. 008 ** 0.113** 0. 056 **
TO 0.196** 0. 059 *** 0.003" 0. 005 **
W x CEP 0. 6477 1. 684 ** 1.176**
W x MA 0.882** 0.703" 0.259**
N 420 420 420 420
R? 0.979 1 0.567 3 0.5722 0.558 4
“N”
1% 5% 5%
“N”
“N 7
“N7
1
(W x CEP)

(W x MA)
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Table 5 Robustness test
( CEP) (CEP_1)
wi w2 w3 wi w2 w3 w1 w2 w3
(1) (2) (3) (4) (5) (6) (7) (8) (9)
MA 0.236™* | 0.259** | 0.244"
MA? —0.0427 | —0.044™ | —0. 044
MA® 0.003™* | 0.003" 0. 003"
MA_1 0.423** | 0.580** | 0.484**
(MA_1)? -0.256™* | —0.329" | -0.286"
(MA_1) 3 0.092" 0.090** | 0.087**
MA2 0.700" 2.085" 1. 489 **
(MA2)? -0.521"* | -1.165" | -0.883"
(MA2)? 0.090" 0.184** | 0.144**
W x CEP | 0.574** | 0.684™* | 0.525™ | 0.434** | 0.823™ | 0.496***
W x CEP_1 0.941%* | 0.158** | 0.509**
W x MA 0.428** | 0.247** | 0.230**
Wx MA_L 1.310%* | 0.830" | 1.029**
W x MA_2 0.639** | 0.228" 0.290"
N 420 420 420 420 420 420 300 300 300
R? 0.5407 | 0.5829 | 0.5507 | 0.5741 | 0.6145 | 0.5952 | 0.0014 | 0.0107 | 0.0018
( ).
3.3.1
Co, 3.3.2
Shan  * CO,
(CEP_1) }
Co, 2015 (L CEP) .
2006 —2015 (W x CEP) (L. WxCEP)
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Table 6 Endogeneity estimation results of dynamic spatial Durbin model
( CEP)
w1 w2 w3
(1) (2) (3)
l. CEP 0.729** 0.651* 0.729™*
W x CEP 0.503" 0.314™* 0.503"
I. Wx CEP -2.838% —3.489** -2.838**
MA 0.167** 0.092** 0.101°
MA? -0.017" -0.013" -0.019"
MA3 0. 002 ** 0.005" 0. 004 **
W x MA 0.563" 0.707" 0.679**
N 390 390 390
R? 0.427 2 0.3614 0.382 4
3.3.3
( generalized method of mo—
ments GMM) ;
47
( GMM )
7 ArellanoBond AR( 1)
0.1 AR(1)
P 0.1
7 (1)~ (3) ( GMM )
? Sargan p 0.1
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Table 7 Endogeneity estimation results of dynamic spatial Durbin model ( systematic GMM method)
( CEP)
+ +
w1 w2 w3 w1 w2 w3 w1 w2 w3
(1 (2) (3) (4) (5) (6) (7) (8) (9)

l. CEP 5.124* | 0.263" 1.073** 1.292° 0.192% | 1.534** | 1.217*% | 0.325* | 1.874**
W x CEP 1.052" 1.806™** | 1.215** 3.768** 0.011" 1.129" 5.055" 0.069** | 0.682**
LWxCEP | -1.241" | -0.729 | -0.561*" | -2.604" | -3.481" | -2.518" -4.562 | -5.748" | -2.152"

MA 0.047** | 0.071™* | 0.092" 0.056" 0.068** | 0.090" 0.063** | 0.066** | 0.061**

MA? -0.031" | -0.032" | -0.031" | —=0.027** | -0.023" | —=0.032" | —0.041™* | -0.043" | -0.040"

MA3 0.003™* | 0.003" 0.002** 0. 004 ** 0.003" 0.007 ** 0.011" 0.015" 0.019"
W x MA 0.428*% | 0.247** | 0.230** | 0.639** 0.228" 0.290" 0.322% | 0.265** | 0.297**

N 390 390 390 390 390 390 390 390 390

AR (1) 0. 003 0. 000 0. 003 0. 004 0. 003 0. 002 0. 000 0. 000 0. 001
AR (2) 0.432 0. 675 0. 467 0.618 0.344 0.391 0.424 0.370 0.451
Sargan test | 0.2079 | 0.2804 | 0.2728 0.496 1 0.2707 | 0.463 6 0.528 4 0.5724 | 0.492 8

3.4 ——H2a H2b “ur
. “U »
8 “ ”»”
WwW1.W2 w3 “ 7
( DI) ( DI*)
2a
8
Table 8 Dual role test of digital innovation
( CEP)
SDM( W1) SDM( W2) SDM( W3)
(1) (2) (3) (4) (5) (6) (7) (8) (9)

MA 0.442%* | 0.429** | 0.268** | 0.397** 0.418" 0.299** | 0.476*** | 0.395" 0.302**

MA? -0.045" | -0.015" | -0.004" | -0.021** | -0.013" | —0.007" | —0.034** | —0.015** | —0.005**

MA3 0.004** | 0.002" 0.002" 0.004" 0.002" 0.002** | 0.002** | 0.002** 0.002**

DI 1.134% | 1.635*F 0.8517 1.410** 0.998 ** 1.463%*

DP? -0.178** | -0.610" -0.136™* | -0.575" —0.159** | —0.286***
DI x MA 0. 190 *** 0. 195 *** 0. 189 ***
W x CEP | 0.647* | 0.952** | 0.847** | 1.684** 1. 179" 1.050" 1.176** 1.196" 1.075**
W x MA 0.882** | 0.515" 0.344" 0.703" 0.726* | 0.492** | 0.259** | 0.365** 0.453**
W x DI 0.192* | 0.203** 0.404™* | 0.240*F 0.128** 0.007"

N 420 420 420 420 420 420 420 420 420

R? 0.5673 | 0.5452 0.548 8 0.5722 0. 590 7 0.580 1 0.558 4 0.582 4 0.550 0
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3.5 —H3
(DI x MA)
9
“ ( EPU x DI x MA)
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Table 9 Test of the hierarchical moderating effect of economic policy uncertainty
( CEP)
SDM( W1) SDM( W2) SDM( W3)
(1) (2) (3) (4) (5) (6)
MA 0.268** 0. 205 ** 0.299 ** 0.238** 0.302** 0.240**
MA? -0.004" -0.013** -0.007" -0.012" -0.005** -0.011**
MA3 0.002" 0.003" 0.002** 0.002" 0. 002 ** 0.002"
DI 1. 635** 1. 808" 1.410** 1.575** 1.463** 1.622%*
DP? -0.610" -0.637** -0.575" -0. 609 ** -0.286" -0.618**
EPU —0.045** -0.051** —0.051***
DI x MA 0. 190 *** 0.197** 0. 195 *** 0.172" 0. 189 *** 0.170**
EPU x DI x MA 0. 003 ** 0. 004 *** 0.004"
W x CEP 0.847** 0. 890 ** 1.050" 1.232" 1.075** 1.205"
W x MA 0.344" 0.401" 0. 492 ** 0.746" 0.453** 0.623"
W x DI 0.203** 0.175" 0.240** 0.795" 0.007" 0. 448"
W x EPU 0.155** 0.155" 0.192"
N 420 420 420 420 420 420
R? 0.548 8 0.524 4 0.580 1 0.580 8 0.550 0 0.557 5
1) EPU DI, 2) EPU
4 DI, 3) EPU DI 4) EPU DI.
10
4.1 EPU DI EPU
DI. EPU DI EPU DI
EPU
? DI

(EPU)

(D)



— 169 —
10
Table 10 Economic policy uncertainty and digital innovation sample analysis results
( CEP)
EPU EPU
DI DI DI DI
(1) (2) (3) (4)
MA 0. 209 ** 0. 601 ** -0.182*** 0. 408 **
MA? -0.115" -0.050** -0.091** -0.044"
mA® 0. 006" 0.005" 0.019** 0. 006"
W x CEP 1. 174** 1.214** 1.5337%** 1.480"
W x MA 1.043" 1.336" 0.150" 0.388"
R? 0.359 4 0.536 4 0.157 8 0.462 7
3)
“ ” ( share—
ability)
4)
3 “ " ( risk)
Fig.3 “Risk’  ‘“resiliencé  “shareability ”and “flexibility” of manufacturing
agglomeration under different levels of digital innovation and economic
[43 »
policy uncertainty
1) [43 ”»
“ " ( flexibil-
ity) 4.2
?
2)
“ 7 ( resili—
ence) Wang

11
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( SMA) ( DMA) EPU EPU DI
DI. EPU DI “ “ 7
» [13 »
EPU DI
“ ”» [13 » (13
”
11
Table 11 Heterogeneous effects of specialized and diversified manufacturing agglomeration on carbon emission performance under four scenarios
( CEP)
EPU EPU EPU EPU
DI DI DI DI DI DI DI DI
(1) (2) (3) (4) (5) (6) (7) (8)
SMA 1.079** 1.379** -1.306" -1.108**
SMA? —0.461" -0.547" —0. 644" -0.390"
SMA® 0.057" 0. 068" 0.076** 0.051"
DMA 0.613** 0. 858" 0.267** 0. 465 **
DMA? -0.056™* | -0.030" -0.030" -0.063"
DMA? 0.004" 0.003" 0. 006 ** 0.006"
W x CEP 1.2517** 1.270** 1.244 %% 1.319** 1.270** 1.2847** 1.275" 1.359**
W x SMA 0.599 ** 0.208" 0.348" 0. 649"
W x DMA 0.185" 0.141° 0.119" 0. 190"
R? 0.348 3 0.5123 0.199 8 0.4159 0.073 9 0.477 6 0.1232 0.077 1
5 “U »” .
EPU DI. EPU DI. EPU
DI @« ” “ »
“ ” EPU DI
“ »
2006 —2019
“N ”»

{(N ”»
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Carbon emission performance in China’ s manufacturing agglomeration: A
multidevel moderating perspective of digital innovation and economic
policy uncertainty

PENG Hui' * LU Yao-hin"

1. School of Management Huazhong University of Science and Technology Wuhan 430074 China;
2. Academy of Mathematics and Systems Science Chinese Academy of Sciences Beijing 100190 China

Abstract: Manufacturing agglomeration and energy conservation and emission reduction serve as important le—
vers and target functions for high—quality development in China significantly influenced by the level of digital
innovation and the uncertainty of economic policy. Based on the dual role of digital innovation and the hierar—
chical moderating effect of economic policy uncertainty this study utilizes panel data from Chinese provinces
and employs: A spatial Durbin model combined with multi-scenario analysis to conduct an in-depth exploration
of the impact of manufacturing agglomeration on carbon emission performance. The study finds an ‘N’ -shaped
curve relationship between manufacturing agglomeration and carbon emission performance indicating a win—
win situation for economic growth and carbon emission performance once manufacturing agglomeration reaches
a certain threshold. Digital innovation plays a dual role: As an outcome there is an inverted ‘U’ -shaped
curve relationship between digital innovation and carbon emission performance; as a process it positively
moderates the relationship between manufacturing agglomeration and carbon emission performance with a
stronger positive moderating effect under higher economic policy uncertainty scenarios. Further analysis shows
that under different scenario combinations manufacturing agglomeration exhibits differentiated characteristics
affecting carbon emission performance. This research provides valuable policy insights for promoting high-qual—
ity development of regional manufacturing in China achieving dual carbon targets and facilitating Chinese—
style modernization.

Key words: manufacturing agglomeration; carbon emission performance; digital innovation; economic policy

uncertainty; multiple scenario analysis



