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Abstract

Currently, China is experiencing a period of the fourth industrial revolution themed on intelli-
gence and greening. In the wave of digital economy taking off and smart manufacturing transfor-
mation, manufacturing industries around the world have actively responded to the national call, and
many emerging smart manufacturing enterprises have emerged. This paper measures the green
manufacturing level of 30 provinces in China from 2012 to 2021 through the spatio-temporal en-
tropy weighted TOPSIS evaluation method, and constructs indicators in five dimensions: green
emission, green quality and efficiency, scientific and technological innovation, resource utilization,
and green governance. The study found that: 1) The development level of green manufacturing in
the eastern region has been high, while the central and western regions are relatively low, and the
construction of the “four greens” is an important factor influencing the development level of re-
gional green manufacturing; 2) The overall trend shows that from 2012 to 2015, the green manu-
facturing development index in both eastern and central and western regions showed a down-
ward trend, until 2016, when the concept of “green manufacturing” and the construction of the
“four greens” reversed the trend and alleviated the contradiction between economic development
and environmental protection; 3) The level of green manufacturing development in the past years
can be divided into four echelons, with the first echelon increasing year by year, but the fourth
echelon is still relatively low. The first echelon is increasing year by year, but the fourth echelon is
still higher, mainly concentrated in the central and western parts of the country, especially in the
west, where the problem of insufficient development level of green manufacturing in the central and
western parts of the country is still prominent. Finally, the paper proposes management suggestions
for optimizing resource allocation in cloud manufacturing.
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Table 1. Research results on the construction of the indicator system
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Table 2. Construction of the indicator system
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Table 3. Weights of measurement indicators for the development level of green manufacturing
= 3. REFELRKINEIEIRME

fabr 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 gh
Cl 00273 00275 0.0273 0.0274 00231 0.0528 0.0552 0.0390 0.0118 0.0144 0.0306
C2 00273 0.0275 0.0273 0.0274 00231 0.1310 0.1050 0.0980 0.0714 0.0985 0.0637
C3  0.0273 0.0275 0.0273 0.0274 0.0231 0.0469 0.0319 0.0281 0.0295 0.0326 0.0302
C4 00273 0.0275 0.0273 0.0274 0.0231 0.1084 0.0848 0.0537 0.0714 0.0985 0.0549
C5  0.0580 0.0567 0.0573 0.0596 0.0518 0.0366 0.0397 0.0409 0.0412 0.0426 0.0484
C6  0.0353 0.0353 0.0354 0.0360 0.0306 0.0200 0.0221 0.0087 0.0232 0.0261 0.0273
C7 00528 0.0556 0.0615 0.0608 0.0590 0.0360 0.0567 0.0230 0.0419 0.0371 0.0484
C8  0.0117 0.0110 0.0113 0.0164 0.0121 0.0081 0.0083 0.0243 0.0081 0.0083 0.0120
C9 00071 0.0084 0.0160 0.0115 0.0137 0.0079 0.0087 0.0114 0.0109 0.0073 0.0103
C10  0.0044 0.0095 0.0094 0.0103 0.0067 0.0052 0.0058 0.0057 0.0099 0.0081 0.0075
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0.0065
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0.0970
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0.0073
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0.0094
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Figure 1. “Four greens” weight coefficient
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Table 4. Comprehensive score of green manufacturing level
4. REFIEKELEEFSD

2012 2013 2014 2015 2016 2012 2013 2014 2015 2016

Hh
ZE1 He4
Jext 0.404 0.422 0399 0421 0.288 4 6 5 5 6
R 0.169 0.172 0169 0.186 0.114 18 20 19 13 14
b 0.200 0205 0251 0.204 0.126 12 13 9 11 11
Ly 0171 0184 0.174 0282 0.088 17 16 17 7 23
kg 0.229 0230 0227 0227 0.187 9 10 13 10 10
AREHLIX L35 0519 0.616 0479 0545 0.381 2 1 1 2 2
WL 0.361 0.380 0.404 0.444 0.346 6 8 4 4 4
finyes 0213 0269 0245 0278 0.244 10 9 10 8 7
th %R 0593 0.444 0460 0598 0.377 1 3 2 1 3
"R 0.497 0453 0450 0492 0.326 3 2 3 3 5
HiaEd] 0.111 0111 0108 0.112 0.081 25 25 26 26 26
MJEYT 0.095 0110 0.093 0.098  0.062 28 26 29 29 29
L] 0.348 0387 0210 0.159 0.082 7 7 14 20 25
Ak 0.075 0.089 0077 0.074 0.045 30 30 30 30 30
2 0.159 0.173 0159 0.174 0.217 20 19 20 16 8
R X
i 0.089 0107 0.102 0.128 0.085 29 29 27 22 24
T 0.197 0428 0239 0260 0.189 13 5 1 9 9
Wk 0.173 0.183 0.180 0.179 0587 14 17 15 14 1
bk 0.168 0.185 0.157 0.168  0.104 19 15 21 18 16
WZEW 0202 0437 0298 0.200 0.126 11 4 7 12 12
] 0.135 0129 0254 0330 0.088 21 22 8 6 21
HER 0.114 0121 0.134 0.132 0.088 24 24 23 21 22
v)i 0.172 0175 0176 0.174 0.120 15 18 16 17 13
Bt 0.108 0110 0.101 0.103  0.068 26 27 28 28 28
PR X = 0.171 0206 0.397 0.176  0.099 16 12 6 15 17
B 0.247 0206 0173 0.167 0.105 8 1 18 19 15
Hil 0.397 0126 0115 0.111  0.092 5 23 24 27 19
i 0.104 0107 0113 0.124 0.072 27 28 25 24 27
TH 0.117 0.155 0233 0.123  0.092 23 21 12 25 18
Wi 0.125 0202 0139 0.126  0.089 22 14 22 23 20
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o 2017 2018 2019 2020 2021 2017 2018 2019 2020 2021
b ZE1R He4
Jbxt 0.193 0212 0255 0.255 0.268 7 10 7 7 7
Kt 0.076 0.078 0.087 0.086 0.076 20 21 18 21 23
ik 0.118 0269 0.150 0.136  0.134 9 7 11 15 16
iy 0.060 0.072 0.077 0.082 0.210 24 22 21 23 9
kg 0.487 0141 0.143 0.148 0.165 2 15 12 11 10
REHLIX LI 0.424 0.408 0.490 0.459  0.396 3 4 3 4 3
T 0.210 0366 0.362 0.397 0.483 6 5 5 6 2
fizke 0.078 0421 0543 0478 0.158 18 2 2 3 12
AR 0.387 0418 0.380 0.481  0.359 4 3 4 2 4
"R 0523 0585 0630 0506 0.690 1 1 1 1 1
b 0.051 0.032 0.039 0.037 0.051 26 29 28 28 28
HJEiT 0.034 0.035 0037 0095 0.063 29 28 29 19 26
i 0.087 0183 0242 0.153 0.103 17 1 8 10 19
RS 0.077 0.055 0056 0.033 0.038 19 26 23 29 29
2R 0.325 0.305 0286 0.243 0.280 5 6 6 8 6
Hp i X
AN 0.070 0250 0.131 0.118 0.119 21 9 13 17 17
tEi] 0.109 0162 0174 0.137 0.138 12 12 9 14 15
b 0.093 0154 0125 0417 0.141 15 13 14 5 14
bk 0.111 0132 0111 0.138 0.164 11 16 16 13 11
WZE 0112 0149  0.152 0.085 0.253 10 14 10 22 8
VG 0.049 0260 0056 0.062 0.075 27 8 24 24 24
HR 0.062 0.067 0.070 0.093 0.082 23 23 22 20 21
pa)i 0126 0.131 0124 0170 0.151 8 17 15 9 13
B 0.044 0044 0045 0142 0.295 28 27 25 12 5
PEHR X = 0.053 0.124 0.083 0121 0.074 25 18 19 16 25
By 0.063 0.082 0092 0105 0.077 22 20 17 18 22
HR 0.088 0.058 0.040 0.049 0.110 16 24 27 27 18
Hilg 0.014 0.030 0.032 0031 0.018 30 30 30 30 30
THE 0.103 0.056 0.045 0.050 0.056 14 25 26 26 27
i 0.107 0113 0.083 0.056 0.102 13 19 20 25 20
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Figure 3. Economic, social, and ecological benefits in various regions
3. BMWXEFYE, HeWE E5WE

RIEKT

< Pt
(a) SREHERRAKTIHE (b) SRl K SR 7 REL

Figure 4. Mean and coefficient of variation of development levels in various regions over the years
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S5 3 ANE A(a)r s, ESERRAKCTIE R, REHX . hEbX . fEEh X AR o, RE
IR X 2 138 e K TAE =N IX R A e T se AL, O HUR A AR g, X2t TRt
XWELF A, kT, AEZHNRBORBGEAEIRM, KEIKER, M 28
AHRIAGENS, AEREPESH, HRAF AR RACTEAL TR A FRH B, A2 LA
NG, b 7B X AR A LR S KPR TH AR TR BRI, & 4(b) T, fESR L
g R R R B L, AR PR X R AN I (8] B TR X, (HRAE T1 iRl B, 285 R e F
AR, BB =X A AR Gl i A A AR E , (HAZ R T T2 A B, AR rh i X A2 5 R A K,
VLR AN (A BL, X P HB IX P R 2Rt i AR IR AAAEAN IR . ASPHT R 10/, SR BRI 4 I ]
B vt s X AR 5 R BB AR R AR AT, (ER O Bt X % il 3 R FE AT AN 78 73 ) Jk ik - 9 24044
E S X 2o ) 365 ) e PR ATH AT AR K IR i 70, B b B SCROARLERL 5 LA B, 2 B0 e R R M 4 i B 11
KRR, H. PUEBIASRAGI AR TR XA IR A a3 8], I A EER AR B [X 7 e e 2t i 11
AR 2 T O 5 S8 0 R R RRI X JE MDA T PR, S ] T b 4 i kA R T

4.2.3. FEBIERRKFOEARISEE ST

A2 ] SOM i1 2 [0 28 [ 231 50] 25 1l F) o €0 1) 36 4 F& PR S AR 7 1 B 7 B 1) 48 P AT HEAT FER 93
Bro 44 SOM RELRMG M KA AR 7> 4 MERE(ILEE 5), & 5 i r AR EiTs
BHBA

Table 5. SOM clustering grouping results
% 5.SOM BEHJHEER

R E241 Hh E37 [liga E%41
b 2 2 2 2 BT 4
K 4 4 3 4 Hifi| 4
b 3 3 2 2 SRS 4 4 3 R
T 2 4 2 3 LR 3 2 1 1 )i

IS
IS
=
éﬂﬂ_ﬂﬁ
w
w
N
w

~ b~ b
N
w
w

g 3 3 1 3 bW 3 4 4 2 Bt 2 4 4
95 1 1 1 1 =) 2 2 3 3 = 3 3 4 3
WL 2 2 2 1 bibl 2 1 3 2 il 4 3 4 4
Gizye: 2 2 4 1 i 2 3 3 3 Hl 4 3 3 4
7R 1 1 1 1 Hil 2 4 4 4
TR 2 2 1 1 THE 3 3 3 4
At 2 3 4 4 i 4 3 3 3

XA IE L T 2015~2018 PUANSCEEAEAS, Whids 1SR O HIE B IR R A e ) S B AR Y, AR A % 5
5 Al g, B E ISR KPS — BN A O LU TR X, LRy o5 hZR. T RS, Jf
HECRZREE L, R VUBAA I B, Moo, PaEfHhIX, SEVUBRRAIIA K%, (Haxt
TARTBHLIX, 2016 4ELLfS, SEVUREPAIE (@b, 21 2016~2018 A [E], HIL 7 A —HHBA
84y, 2017~2018 4FMZH, TEXPIME, ZRIE TR “PUa” s, lfE 2017 ML T 54
FEET) L LAGEMEX, 1F 2018 M7 1 116 ekt 1) F 6 N ea i X AN k2= 5B 1 X 1) 1L R A
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J7IR, RIS O —RRBN, UGN 2016 SEROEIIL, R4, WA KBRS OREEN, — &
BB — BB, SR TUE I, AR, RSB R AL s R ot TR R %A, IFH
mot It th gy ayfinas 1 “Psx” (@i, (AREFENEF KIS, ANAWSI Mg Ire, 3
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22112112 4333Y4434443433
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Figure 5. SOM cluster analysis chart
5. SOM R 51

5 G EEN

A T3 I H EE AR AL TOPSIS B, ik [ 30 AN 1O 4% (bl it R B IR HOMAT T IR VA, . 7E
FIRT 12 ] SOM e j 4 JRIIE X 5548 S (il 16 A /KT HEAT 20 S0t » (RIS 6 BE KRR 2 TRV Tl Y
XPZR P P =R 2R e I A AT T IRAIRR o WA R SRR T LA SR AL B %k,
IRER X — ELOR R KT B S Gt A Jie 1 o PG 0 X A AP A B, e R G R A2 R b X
OfE R KPR ESRR. LR, 2012~2015 EW1IE], oIt R ARIL /& hIa A X, SRt it A
PRECE I TR, FE3 2016 4, “srfilis” B IPE SAHSAT N et T i@, AW 1
LU R E IR LI G o e, ABETUR 8 0 Pr AR ek i id R KT A BR A, R 5
—BEBNE Oy B IZ ARG N, (E S DURS A 0 B KR B, B AR P AR, REal R PR, R
eI I ¢ € Bl 3 A R KT A S R T

FEHES G R SRR 5T, NSehtigxCufilis, & XN AR A BoR . A A 1
H RV REAL ST I ). S, TN E Y REIRHFRORARAE, AW e s G bR R,
BIBRE “PUg%” @B HIK, SRS MG A OmIE B, RIS A R Tz
JIEE AR, DA PR SRR I e FERCERRR b, 4RTHE SRR B KT, DR
PRAE PR FEXIRJZ I, BRI P A S, (RS RSO) T et hlG RSBk BURJE MR 4 i
SCRE, SR AL HEAT SR BRI R RIS, S iR A SEEMZR B0 1L T2, DUHES B Xl 36 ol fr) 4
T+ o

NK IR A 2 Gl i KT, AT L 5 il i BRI DL AL BC B 0 DY AR SQ BR A LI R - (1)
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A =G BRSNS . DAL 2 & A e, DURN 1 2= 0 il B2 R A A0 A 7 2k
2, JF HARGITE LI BHEIR PR REIRH G g, e AR = g BRI AL FC B & BT 5. ARYE T
e ot 2 ST LR RE TR, TN 2 )3 BRI oK, 8 G s ) A b B sk B ], e B I R B R
TR PR KR BE g i = i b B ROE =, OB B IRIR 9% (2) A S B MESOR, @A B
APPSR AE 2 R B E R A B, A TR, PRSI R A R
Ao G A AE R BTN R AT 5, PRSP RI R, IR LT R AT SRR
77 AT I B A o AT BE A R 52 v 2 3 bk T A XIS R 25 Rt K1 (8) A = il i T
AR BRIRIE N, SEELAY AR AT L BRI RS A, SEBUAE P RR R U FALAL, e

PR R . I B & S SOR ST 2 i Aok SRR R B e pr AT, e iiis s e, B
Iz o A AR HE TR HAT b i Ak T A DXt PR 55 5 22 B R /KT o (4) e B AR At 3 b Fr) Bk HE T
AR P AE, Al T DUONPASE ORI 45 ok, A0 A PR BB, S5O BB R, B

RAERE. JF BRGSO ENCR, (i T AR sE . i Lz
ERIROCACEC E ARSI, AT RER AL TR Xk ar (il i & ek, IF B A 2 il £l i
EESER RSty

E&WE

[ 5K SRR G0 H (S 55 . 72261005); $HME B REHE I H (5. BRHEIER-ZK [2021]
— % 339), BUMNEALBIHRITE GRS BEHGHEM-ZK [2022]—f# 080); % M K 2= Fi5: 1 K B 12
HEALTRE (45 : GDZX2021031).
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