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Abstract: Based on China’s construction industry low-carbon technology patents and carbon emission data from 2003 to 2022, the
subject collaboration networks and knowledge fusion networks were constructed using social network analysis, and a coupling
coordination degree model was designed based on their topological structures. Further, an autoregressive distributed lag (ARDL)
model and generalized impulse response function (GIRF) were applied to empirically examine the impact mechanism of the
coordinated development of dual-network coupling on the construction industry’s carbon emission intensity. The results indicated
that: @ The subject collaboration networks and knowledge fusion networks continued to optimize, with the coupling coordination
level increasing from 0.4043 to 0.9591, showing an evolution from disorder to high coordination; @ During the sample period, the
coupling coordination development index lagged by one period was found to exert a significant negative impact on carbon emission
intensity, reflecting its delayed promoting effect on emission reduction; @ The coupling coordination development index was
identified as a one-way Granger cause of carbon emission intensity. Its negative shock peaked at —1.865 in the second lag and then
gradually stabilized, demonstrating a significant stage-based adjustment effect. Relying on a framework integrating structural
measurement and dynamic analysis, the results provided quantitative tools and empirical support for systematic low-carbon
innovation policies.

Key words: construction industry; low-carbon innovation; social network analysis; coupling coordination; carbon emission intensity
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Table 2 Descriptive statistics of the main variables
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Table 3 Results of network structure characteristics
T AT ] P 2% S P 4%
X X> X3 Xy Xs Yy Y, Y3 Yy Ys

2003 2.3780 0.2727 0.1081 5.3685 0.8378 14.0120 0.5621 0.4233 9.4351 0.1349
2004 2.5880 0.1515 0.0588 5.7414 0.8039 14.3460 0.4624 0.7765 8.9643 0.0837
2005 3.2140 0.1111 0.0893 6.3585 0.5890 18.1540 0.5240 0.7115 9.4136 0.1009
2006 3.4520 0.1270 0.0685 6.6041 0.6027 20.6850 0.4818 0.9797 9.9979 0.0779
2007 4.4000 0.3068 0.0800 7.4654 0.5200 22.9490 0.4954 0.9522 10.2543 0.0618
2008 3.7010 0.3710 0.0448 7.3226 0.5500 27.7960 0.4917 1.0000 10.8813 0.0632
2009 3.7010 0.2628 0.0460 7.9218 0.5459 42.0520 0.5470 0.9925 11.2269 0.0674
2010 5.5200 0.4371 0.1086 8.1433 0.5158 39.2930 0.4201 0.9913 11.4002 0.0644
2011 4.8470 0.3244 0.0554 9.1110 0.4430 44.9860 0.3644 0.9946 10.9692 0.0722
2012 4.9960 0.4308 0.1073 8.3382 0.5287 38.1320 0.4143 0.9966 11.0032 0.0950
2013 5.4240 0.4779 0.1000 8.3419 0.4200 39.6260 0.3815 0.9911 10.8608 0.1014
2014 6.7030 0.4747 0.1467 8.2349 0.4363 45.9510 0.3912 0.9947 10.7989 0.1128
2015 5.9940 0.4313 0.1507 8.6712 0.5101 56.5920 0.4344 1.0000 11.7237 0.0656
2016 6.3930 0.4376 0.0706 8.5252 0.4877 91.0990 0.4015 0.9878 11.9009 0.0453
2017 7.1500 0.4824 0.1787 8.9005 0.4613 101.2710 0.4512 1.0000 12.5430 0.0281
2018 6.6720 0.4497 0.1279 9.4892 0.4675 101.6430 0.4259 1.0000 12.4686 0.0326
2019 7.1130 0.4312 0.1502 9.9790 0.4363 112.5530 0.4076 1.0000 12.5923 0.0188
2020 8.2320 0.4943 0.3665 10.1821 0.4209 177.0310 0.4394 1.0000 13.1351 0.0081
2021 9.3220 0.4771 0.4791 10.8780 0.3770 183.5070 0.3975 1.0000 12.7902 0.0169
2022 8.7760 0.5053 0.4828 11.0530 0.3993 204.6500 0.4299 1.0000 13.2869 0.0099
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Table 4 System indices and coupling coordination degrees of

subject collaboration and knowledge fusion
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2003 0.1211 0.2206 0.4043

2004 0.0487 0.1884 0.3095 .

2005 0.1380 0.2533 0.4324 HRKT

2006 0.1304 0.2867 0.4397

2007 0.2617 0.3290 0.5417

2008 0.2175 0.3628 0.5300

2009 0.1981 0.4612 0.5498

2010 0.3814 0.3332 0.5971 .

2011 0.3050 0.2662 0.5338 S

2012 0.3662 0.2795 0.5656

2013 0.4048 0.2371 0.5566

2014 0.4825 0.2487 0.5886

2015 0.4507 0.4005 0.6518

2016 0.3777 0.4747 0.6507

2017 0.5424 0.5921 0.7528 T EEE A

2018 0.4768 0.5597 0.7187

2019 0.5235 0.5854 0.7440

2020 0.8142 0.8024 0.8990

2021 0.9827 0.7532 0.9275 e B T

2022 0.9815 0.8621 0.9591
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Table 5 Results of unit roots tests

KA —Wh 7y
DF-GLS MZa MZt DF-GLS MZa MZt
CEl  —3.268%* —85.224%%%—( 497%%* —] 675% —11.897** —2.386**
CDI  —2.687  -7.563  —1.837 —5.456%** -7.428* -1.918*
CES —3.141%* —-8.780  —2.057 —6.404%%* —7.328*% —].884*
T R HRNERIR1 % S%A0% 1) 5 1EAKCT.
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Table 6 Results of bounds test for cointegration

i FAE AR, P AE
it E 10% 5% 1% P
1(0) Iy 1(0) I 1(0) I 1(0) I
FAi 8.906** 3.790 5.100 4.962 6.559 8.277 10.636 0.008 0.019
i ~4.081%* -2.610 -3.285 -3.052 -3.793 -4.040 -4.931 0.009 0.033
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Table 7 Estimated long—run and short-run coefficients of the

autoregressive distributed lag model
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Fig.4 Generalized impulse response analysis results
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