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Abstract

Based on panel data from 30 manufacturing industries in China over the past decade, this paper
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constructs a comprehensive evaluation index system for digital technology innovation and a meas-
urement framework for carbon emission efficiency. By comprehensively applying the entropy method,
the carbon emission coefficient method, and the spatial Durbin model, it systematically explores
the spillover effects among manufacturing industries from the perspective of upstream and down-
stream industries. The findings are as follows: during the sample observation period, digital tech-
nology innovation significantly inhibits the carbon emission efficiency of the industry itself, mainly
due to the energy rebound effect in the early stage of new technology application and the insufficient
technology absorption capacity of small and medium-sized enterprises. However, the decomposi-
tion results of indirect spillover effects show that there is a positive spatial spillover effect among
industries, and green technology innovation can effectively reduce the carbon emission levels of
related industries through industrial chain transmission. Heterogeneity analysis further reveals
that industries with a high level of digital technology innovation exhibit significant spillover effects
in both forward and backward directions, while industries with a medium level only generate spill-
over effects on downstream segments, and industries with alow level show no significant industrial
chain spillover capacity.
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Table 3. Descriptive statistics of variables
7 3. TEMHEAR ML

A iR HE bk % R/ME RKME

TR CEE 0.721 2.021 —4.505 4.845
Her B AR BIE 3 Til 0.089 0.127 0.000 1

BHIE KR SRL 14.588 1.294 11.263 17.598

THEAKF WL 11.145 0.354 10.443 12.508

BEARRM CD 8.487 1.082 5.807 10.794

erl ki PRO 7.184 1.084 2.655 9.107

IR Ay MCD 8.961 1.230 4,654 10.802

AT VA IS 9.975 1.056 6.736 11.949
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4.1 EREHEXST
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Table 4. Moran’s | table of technology innovation index and carbon emission efficiency

4 BARQFIE R S HRH RN R ZE R

e T 1) 25 (AL B J I 2 ()AL A R
Ber AR E K TRHERBR R Hr ARG E KT TrRHERCS
2013 4 0.139%** (0.004) 0.104** (0.034) 0.214*** (0.000) 0.141*** (0.007)
2014 4 0.136*** (0.004) 0.093* (0.052) 0.212*** (0.000) 0.121** (0.018)
2015 4 0.122*** (0.008) 0.090* (0.058) 0.195*** (0.000) 0.131** (0.012)

8http://www.tjnjw.com/e/search/result/?searchid=212
°https://data.stats.gov.cn/dg/website/page.html#/pc/national/home/report?reportid=41a5187ae4114d50aeb6288a54d25234 &cata-
logld=2ab4dc96a65a4¢c5192478c9798c77f7b&type=inOut
©https://www.cnemc.cn/jcbg/zghjzkgh/202506/P020250611406628093675.pdf
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2016 4 0.121*** (0.008) 0.100** (0.040) 0.196*** (0.000) 0.134** (0.010)
2017 4 0.123*** (0.007) 0.092* (0.054) 0.200*** (0.000) 0.142*** (0.007)
2018 4 0.123*** (0.005) 0.092* (0.054) 0.203*** (0.000) 0.144*** (0.006)
2019 4F 0.131*** (0.003) 0.096** (0.047) 0.212*** (0.000) 0.140*** (0.008)
2020 4F 0.140*** (0.002) 0.106** (0.032) 0.225*** (0.000) 0.151*** (0.005)
2021 4F 0.136*** (0.002) 0.120** (0.019) 0.225*** (0.000) 0.165*** (0.002)
2022 4. 0.138*** (0.002) 0.102** (0.038) 0.222*** (0.000) 0.156*** (0.004)
2023 4 0.142*** (0.002) 0.116** (0.022) 0.227*** (0.000) 0.156*** (0.004)

e o RIORTE 1%IKF LR *FIRE 5%IKF ERE . *FRTE 10%MKF ERE, FR. ZRETHA 2z
EH(FF).
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LB S RBUE . DI EJE BN EIELEE, mEART B4R HH SRR, (E R AL SR
¥, SERGREETNEE; 2y LH RERAT LA LL RIRFESD, BWRAE KEE)S AR & R IR T AT b B B it
Fite FRCRA IR . ALgifiliEl LL A - (R4 R RIKIRARE .

g5 b BT BOR BT A 2 18] S SR RN A7 AE BT S K P ML B AR B TR0 H ST 8 i L
RAE T JE RN KT o i BOARAT ML G e 25 0 U 5 RN BE 2k 7e A% 3 2 iR iAok, 7k
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E: B SX NATIL S

Figure 1. Moran’s scatter plot of the 2023 digital technology innovation index (Left: forward spatial weight
matrix; Right: backward spatial weight matrix)
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LM A6 56 5 S [R] B S 4523 )i i 1Y (SAR) 5 7% (] 13 22 Y (SEM) & A, AR e R 6 R RE 4 R 3%
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4.3.2. Hausman #&1&

BT B PR S v 36.24 (p = 0.002), J& MIACEAE RS TH N 32.99 (p = 0.047), P IITE 5%/
SEAR I B35 K Bl 7RSS, ANTMAE LS 1 BEAL RSB (1 J5 R %, Uh BA AR AL B 5 ML B AT
FHORME, PRI S FH [ 5 RN TR 2, 3 — 2 B 8] - 47 MV X[ 5E 280N T e i vl

4.3.3. LR BI85 wald 18

fr i 48 AN 5 Fras, Joive R A Al A8 2 J5 1A 23 (B A A6 R, LR A3 58(SDM or SAR)5 LR 4% (SDM
or SEM)¥ = B 2 s AN 1 Wald K46 th 4 il it B & MR 6, [RfifE4E 7 SDM mliB1Ly SAR B SEM
(O JE AR B o 3 U0 B 2 (B A SE B (1 B s R A BRI . 27 b, AR ST BN i [ 52 255097 (1 2 [ A S RS F g s
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Table 5. Test results
%5 RINER

. n I i 2 ) AL B Ji 1) 2 [ A L
22 [ T AR AR
Statistic p-Value Statistic p-Value
LM-lag 5.895 0.015 6.120 0.013
SEM
Robust-LM-lag 4511 0.034 14.634 0.000
LM-error 18.023 0.000 4.795 0.029
SAR
Robust-LM-error 16.638 0.000 13.308 0.000
Hausman 36 36.24 0.002 32.99 0.047
LR #:%:(SDM or SAR) 28.17 0.0002 41.42 0.0000
LR #:%:(SDM or SEM) 28.36 0.0002 40.71 0.0000
Wald #:%:(SDM or SAR) 23.76 0.0013 14.45 0.0438
Wald #:%:(SDM or SAR) 18.00 0.0120 14.12 0.0497

4.4. FRARBIFRTRHEAAY = b SCHK i H 38U SEE 53 4

441 EBERSH

1) B HEORGUEBRHEBOSCR A T AR, B 1 RO WNABFEENLEIRE , BRHEBCICR 2 &
B SN SERHBUS B2 b, AR BRI B SR BT R 1 32 B S NI R REBR_E B HET
EEYIREP A XM RSB RN, & AT BORBSET R MR TE o BB 7,
B A R B SR . P R UG VS AR NAEWIE AN RERE, BRSO WIS AT ReR R
BT, PR BOPERERERI B T, BUET BRI B ORI R R, FTBEAE —E AR BB
G REBORBCE TN, I A/ AR I RE S AT PR, B HOARR REFE 92 5 5 HE S I AR AL A
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FAERS . ELARSE B WL 6.

2) WUEEART S, BT BOR QSR SEAL HE AR HESCA BT LT, BRI ARG 2 (L. X B,
RAATW BT RGN H 2 IR R BN IAT W B AR, 35 BB RE, IR TR,

Table 6. Spatial econometric model estimation results

F* 6. TENTEFEBEMGITER

A U v 22 ) A 2 S S ) 25 () A AR R
Tl ~1.225% (-1.77) ~1.226* (-1.82)
SRL 0.586*** (3.18) 0.622%** (3.34)
WL ~2.660%** (~3.62) ~2.667%** (~3.64)
CD 0.191 (0.88) 0.108 (0.50)
PRO ~0.150* (~1.68) ~0.159* (-1.77)
MCD 0.035 (0.12) ~0.229 (-0.74)
IS ~0.749*** (~2.90) ~0.558** (~2.15)
WTII 10.151%** (4.19) 9.059%** (4.85)
W*SAL ~0.869 (~1.64) —1.322%%% (~1.71)
WHWL 0.066 (0.04) ~2.299* (-0.77)
W*CD ~0.946 (~1.28) 0.395 (0.62)
W*PRO ~0.599* (~1.71) ~0.650 (~1.17)
W*MCD 2.231%* (2.08) 1.535 (1.25)
WIS ~0.203 (-0.22) ~1.169 (~1.18)
N ~0.431** (-2.51) ~0.393** (—2.34)
sigma2_e 0.194*** (13.19) 0.193*** (12.81)
Log-L ~204.1078 ~198.3521
Obs 330 330
R2 0.0072 0.0383

4.4.2. PG SR 53 AR

W 7 fiw, TERZO RS R, B H ARG U BN AR A B E R R R N
BT AL L% N O—1.415, Jo AU AERE N N—1.426, HIEE 5% 5 E MR . XRPRITWEFHEAR
BB ERE AT SN N AAT W HE B8R A MHIER, Bai 1 BRERIE. HIERET, iR v)
WIMEBERTIH RGHHATIZAT . WA U SRR R, DU 5K 51 SO REVFE 9 [ 352808,
S 4SRRI R 1Y T I O, AT EE AR AR G Y BRAIS 1 ARAT L AR BRHE TSR

SR, A ONAE PR R B R ¥ IR Hos 2, A A AR B N O 7.499, 5 B E AR RE T
N 6.907, ¥iEIT 1% R E ALK . X4 R, EATREFE ARG ER AT RS8R
FEAR T B IR DE ) S TR RS, RPARAT ML R D B A BRI ORIBRAT W IR B K S, AT SCHRFAR
Ui 2. WESFERIEKRE, BIHCEET, BrHARGIH D=5, 8 ae i 3% & 558 2 a T T A%
M, SR NRA T L SRIER AR FRCECT, AT VR AR BRI AE 7 2 ) R
{SE AN T REAT BOR G, T PR IR T R AR R . RN R R ONIE, AT R A R
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4 6.085, & lAIRCEFRE T 5.481, HIJiEIT 1% E MRS, F BB H AR QIR BeHE e S8 8N
1E,  RPILIE I B v T SR AR DAL 2 7R A A T I TR AN S P 6 A AT I ] e

gi b, RN R RIS MR B . BUE R R BRI B R HE RKOR T BARFE A [ AR S SR, H
X ANAE T ) B AR, TESREE B AP ORI R . XN SR SN A R E R
BRI AR SR B8 T SR SR

Table 7. Effect decomposition of the spatial Durbin model
7. TEMERB RN 5 R

——— T 1) 2% (AL B S ) 2 ()R 2 A R
IEEZ3 IV STk A R IEEZ3 IV STk A R
~1.415%* 7.499% % 6.085%* ~1.426%* 6.907%** 5.481 %%
m (~2.06) (4.56) (3.75) (-2.13) (4.99) (4.03)
0.588%** —0.834** ~0.246 0.637*** ~1.201* ~0.564
SRE (3.70) (-2.12) (-0.60) (3.93) (-2.02) (-0.95)
—2.635%* 0.882 ~1.752 —2.588%* ~1.038 -3.626
We (-3.34) (0.64) (-1.26) (-3.27) (-0.45) (-1.63)
0.225 ~0.697 ~0.472 0.115 0.291 0.405
P (0.94) (-1.27) (-0.84) (0.48) (0.54) (0.74)
—0.159** ~0.402 ~0.562* ~0.164 -0.433 ~0.598
PRO (-1.53) (-1.44) (-1.89) (-1.56) (-0.97) (-1.34)
0.031 1.678* 1.709% -0.229 1.190 0.962
Mep (0.10) (1.84) (1.84) (-0.76) (1.23) (0.99)
—0.756%** 0.125 ~0.631 —0.543** ~0.604 ~1.147
'S (-2.92) (0.18) (-0.93) (~2.06) (-0.81) (-1.55)
4.5. BT

A SR B 4 R AR B 5 ST TR R A B0, BRI SRR AR m (R B Hl OSSR HE TR U B
PAE S A% 0o 10 e 1 R AR o B iy s TR A AR AR AN o TE BN T T, 07 e AR B Hi8 o0 e i A
SRR M R P AR B R R ORI, REU 0 1.213 F11.226, HINEIT 10% R E ALK . HT
I AL AR AR B O S O BRI &, IR A R B AT B BOR BB E R A B S N S BG4
AT IR HE R R B, 3X 5 AT SR [ A B R R QT 0 B AT RS HE KR (1 4510 B A —
BE— DI TR 1 Rt . TEASIRAE FUSOR T T, B BoAR G (1 2 A0 5 T 2R B7E 9 /A R A B
T B RE, 0 8-10.171 F1-9.059, BT 1% 5 ML . XEWE AT BEHEA
QHT RGNS 0 AR BN R HE OS5 AT SRR [ A BT AR I B = B ARG R ATE
i HE O B 1 )38 H RN I 250 0% e &, BDARAT ML AR 85 B 88 8 20RO B AT b R B HE e et
&, FRIGUE TR 2 ARENE . D WRL A R A K, B H R B B e B 1) BN
TEPABCEAERE N R E NIE, AIHCA 1.434, JaRN 1.444, Pt 5% E AR, UBHAIT U7 5
ARABHT XS AAT B HE R B B A R 3G e o T TR B N AR AN B B N S B N, BT
—7.839, Jlay—7.312, Hyilid 1% 8 E R, UiIAAT R FHER QIO R IEAT ML R B R R
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A RFERHIERIEH . SN FIRERE N, [ N-6.406, J5R4-5.868, il 1%EE ML, R
MR AART, B SR BT It R R W AT ML s He i 2l A8 2 B R T AT B B R R
BEE, RO RIS B T . BARSE RIEILE 8.

LROORE, HEHPWRAER, ORI ST S R E TR A SRR AR, R
HEHRE p 20, BRI SRR AR S5 18 B % RIFIARREYE, A ORI 85I AT B

RSB R E BT 3

Table 8. Robustness test results

8. RREMARImEER

B3 I 1) 25 (R A R B i i) 25 [ ASL 26 B
Til 1.213* (1.75) 1.226* (1.82)
WHTII —10.171%** (—4.19) —9.059*** (~4.85)
p —0.431** (—2.51) —0.393** (—2.34)
sigma2_e 0.194*** (13.13) 0.193*** (12.82)
Log-L —203.9489 -198.3809
Obs 330 330
R2 0.0065 0.0992
HEEWN 1.434** (2.07) 1.444* (2.16)
TH RS 53fifk STk A —7.839%** (—4.49) —7.312%** (-4.77)
B I —6.406*** (~3.67) ~5.868*** (-3.82)
4.6. RERMYESH

AR BB AR B 25 A FR BT &M A 3 AT M3k AT 7021 - B4R B E HES 7T 10 14T kR e %L
FHARBF EACEAT s HEA S 11 & 20 A AT N B B AR B R oKEAT s HER S 21 28 30 A0
AT AT BARGIFACACTEAT . AN SR G, KA TG 18 72 7l 1R 38 2 J5 1a BB AR RE R
HRA B I 3 AT IS o IX UL Z AT B BOR BT, A X R T MR R 8 s R
BEMERET, XETRIERTERGHLBER, G0 X K25 =gy wZm, e i
TR FEHIRAELUE . HKPAT M S DA P AN A L[R]3 RN AE /i [r) B R R T 2 N 1E, R
N 109.676, L 1 5% FEERTE, Wi BN AT MVAEAE R i g R N AN, R SR AR
FERE N IX — AR, BWE© M CUENE BT WA T BRI B mKSPAT ML AE BT ) A A AR
RN 34 R O IE R AR08, R34 A 8.534 1 4.468, 4 HliEIT T 1%M1 10%f 535 MRS, iIE
SRR AAT M 1 B B AR BT R % 38 BT 1) 5 S5 1 O S SR IRAT M A R B R . AR
RVENZ 9.

B X6F 43 2L T U R B PR AR R (I 1) B SRR R R HKSEAT RN A 109.676. 5 TR A B AR RE
RAKAT ML B B2 3508 A 82.618), ASCMG TR S4B ML 5T F LA M. MGG, »4l)E5
A 10 M7k 110 ASUIIE, FEARE BECEFEARPIR AT, =25 18] R808 73 fif B Al VRS FE Bl 2 T B
[EIIF, 43 AR AR Rt A AR 9 B3 A% F I RE B () R A B, mhoKPAT A A AT Mk (4427 kAL
Sl 4 ) A R ] B AR AT L) S5 TRV AT I RS ORI BEBROR, - HUE R SR 5 e Bk R B i —
HPTROK DRI TA] B A% 2 50 ) A48 55 (L Al K J 1 7% [B) SR SR B AE TR AS IR BB AR, TR R LB
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HERZER. NEFIHE, TR Z AT P sl & LB TF7 ALE, FH=am oIk
AN BT IR RN L P 8%, B HOR QBB () S 0 T R Be A e a4 4 SR AE X il
Hecs e A e B I ) A 5, X 55 AT ) SRR i AN B O 1B ) ORI AN B 2 A T 45 R A L
EAE o B /K47 M T AR B 1 1042 555 97 (82.6.1.8) BR U MB A KB A St (2 & MEAR 56, 3R I Z A ATl i
PLXS B3I B RO BORENE , RECATRE 2T HEEE s sl 1 DL H N A TR MR, A E
MR SAARE, A RN S RO R SR RO AR T [ R S KT LR RT ) S
[P ANJ5 1) 287 AR R 2 AR T Y, AR KTAT AR AT ) 07 ) B35, ARACPATILAE A T AN E 2, %
SERTEPNAUBUEAE RS T R4 — 2. vt — e gy R A @, 5 sE0t Fumlid o 8 AT B kAT 48 R AL
FHLSEA R AT G B0 b K AT ML 2H Y PR AR 2345 7 200 ASGAIE
Zib, FRERIRIIE TR 3: BT HOR G AR S R AT L, L B Y e TR .
Table 9. Spillover effect decomposition of the three industry categories
F 9. =T AR R 7 7
I i) 22 [ A A o e i ) 7% [ A B
lk BrABARGE BrEARGE S BFHARGE HEERAH R BT EARGH
K47 AKFAT I KT K47 HKEAT A KT
TH RS 9.832 (0.470) 109.676%* (2.27) 8.534*** (2.87) 82.618 (1.30)  5.689 (0.4)  4.468* (1.70)

5. iR 5EIW
5.1. &g

g5t WS BT HORBHT A S M A AT M A RN RN . B AR BT
FEA S S 2 S0 35 N AAT ML AR BRSO B SR BRHEBCRCR B — oz HRPIE TR BoR %™
FIYI R BEAE [ 55 R LA B A /S A MV B RS RE ) AN AL SE DRI 3R, (A5 FIR TR e O 7 8 T

g5 AL BT EOR RO R AT M BRSO R I S 0 I R AR o 2 T R T AR R
AR RN il 45 R R, AAT L U7 BOR BB 8 % 3 25 ML T i AT ML R BB B R ST otk
B, R A BISCRF . X R B QUET I RR ISR 2 2245 B L B 1] 45 1% 15 LA B

giig = iGN B TR QIO BT AT MBSO N, R IR AT R . R
Rg 45 RLW,  E AT RO BOR BT AR H 170 5 )5 17 SCIBE 0 e 7 A S 2 A B skt X IR T
FAE AP W7 HOR QIR R DGR AL s AHEEZ R, dACPAT ML O N fF A R R, X Bl
AR H U AN 2 AR/ K VAT AL W 28 SCBRTT [v) b A 35 A7 00 H W Sl s L0 5O, AR 3 H A3 2156
ko

5.2. Bl

ERw A R R BT BOR QU FEAR LR AT ML BRHEBOT T S A E 1A RUE R B«
7 EHARSLIL HESDHE M ARRREE R, B — 7 TH SR A AR (B BT R QU BORES 7 ML B i H 808 5
3 J7 EARFE M RER A A, AR AR L BRI 2R, RRERIRE X BRI HE -

E&WE

FrE P T AR R ARIE I i3 b B0 B AR B o0 B HE S 7 b DG B H AN AL ) (T E 4 5
QIT25SN013).
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