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Table 1 Input-output index system of EIL

TiH TR EE AN
Ttem Factor name Indicator description
BiA Tl [ BEAA i/ fTT
Capital Industrial fixed capital stock
s (R NIINGE - IDIPN
BA BB AL L DU
Number of employees in the manufactur-
Input Labor force .
ing industry
i) ol i A/ km®
Land Industrial land area
L EE] Tolbsg e/ Azt
Desired output Industrial added value
Tk AR HERCE A/ T t
Total industrial wastewater discharge
7 . T AR R/ T
Output e L Total industrial sulfur dioxide emissions
Undesired
output Tl A Gy ) 2B HE e/ T ¢

Total industrial dust (smoke) emissions

Tl = A AR HR RS /T ¢

Total industrial carbon dioxide emissions

T s Tl [ A W AS AT 42k L 2000 45 O S SR A e A7 kT
ST R L DA B B8 ) R B DA A B 1 L A
T ERLAIAS PR M SRR N7 A5 5 Tl s HE O 535 JH € 2006 4F
IPCC [H Z il % SR S48 B ) S A 0 0 i N B0, B i o, 435
TP R S BRI SRR RURE . A BRI ITAR AR
FEL SR R A B i SRR B R IR T (IPCC AR R ) -
Note: The industrial fixed capital stock is calculated using the perpet-

B the number of

ual inventory method with 2000 as the base year
employees in the manufacturing sector is the sum of employees in ur-
ban manufacturing units and those in private manufacturing units and
individual businesses; industrial carbon emissions are estimated using
the methods provided in the “2006 IPCC Guidelines for National
Greenhouse Gas Inventories”. The energy types include crude oil,
gasoline, kerosene, diesel, fuel oil, natural gas, raw coal, and coke.
The coefficients for converting each energy type to standard coal, av-
erage lower heating values, carbon content, and carbon oxidation

rates are sourced from the IPCC Guidelines.

VER) . 111 3 il 7 (market-based environmental reg-
ulation, MARER) A1 H J&#4 (voluntary environmental
regulation, VOLER)JEERLE . 7 5%, R FH RS (R 7 i
A O IR R 2R 5 48 80 HAK il TR TR 26
55 H ) 7E BOR AT SR L3 5 T8 AF 7R 25 5%, XF
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KA HLIX JTAE R&D £ 2% S IR
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Table 2 Classification of ER indicators and selection of indicators
—YfE bR _ o il
. '&%E T/J Y485 Secondary indicator i) f'ﬂ
Primary indicator Direction
Z BT AL 2440 Number of administrative penalty cases accepted —
A BSR40 Number of environmental proposals at the two sessions +
CONVER T AT ECGE L RS PREE AR UE AL EL Total number of local administrative regulations, environmental regula-
tions, and environmental standards issued
Tk 75 YR PR 5E 4% ¥F /42 7T Industrial pollution control investment completed +
5 R R B
rh /ﬁ(%if%fﬂ Pt HEVS SRR /12 TE Total pollution discharge fee collected —
MARER AR SE RIS H R BT /4208 Environmental protection investment completed for approved projects during 4
the yearr
WL {5 UiF4 Number of environmental complaints —
JE AR S AL " . . .
A \%?EIF’RH%J R R G55 NS Actual number of personnel in the environmental protection system +
BHIFHLAA A EL Number of personnel in research institutions +
®3 TEHRMSIT
Table 3 Statistical description of the variables
= . 8 FURIE(ED ) b ifE 2 o . o .
AR HOE ) Wi ik i e P EON RN YN[
Observa- Standard . .
Variable (logarithmic form) Measurement method . Mean o Maximum  Minimum
tions deviation
T Hhi 1| FH 2k 2% "
. Mﬁs 4)@%@*&3)&? Super-SBM £ 7 _
Green utilization efficiency of Suer-SBM model 600 —0.500 0.244 2.116 —0.890
industial land (In EIL) ouper
e B ‘
WAL B ikl \ . . )
Manufacturing agglomeration Locati tient 600 —0.037 0.263 0.377 —1.152
_ocation ien
(In AGG) ocation quotie
Sy ) v
. PRSI . RS 600 —1.499 0.476 —0.306 —2.983
Environmental regulation(In ER) Entropy method
LR . .
H52Br GDP. 3
Economic development level AR GDP/fe 600 9829 0760 11738 7.887
. Per capital real GDP
(In PGDP)
Xif Folr FEL VI RAKT /K P
THNIF TR BRI O A DX R 600 1708 0.999 0.437 4178
Degree of openness (In OD) Total goods import and export/regional GDP
U TR "
VRS /DX 5
Degree of government intervention i’rﬂbﬁﬂx l/ﬂ.ﬂ,:itrl‘. {E/A 600 —1.639 0.440 —0.277 —2.672
) Local fiscal expenditure/regional GDP
(In GIL)
A s o
R /R R R/ O
Energy consumption structure | BOUNER/ERNER/A 600 —0.134  0.454 0.901 -3.695
. Coal consumptlon/ total energy consumption
(In ECS)
Tl AR TP/ Hb X A= 7 S Y%
600 —1.095 0.281 —0.581 —2.184
Degree of industrialization (In IS) Industrial added value/regional GDP v v
FHEAHTKF R&.D 289437 i1 /4¢ 7T
600 4.518 1.665 8.039 —0.223

Level of innovation (In RT)

R&.D expenditure
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AR AR 2 B K
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ol 4 23R

(=2
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22 TR aR AMESHh
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FNERIE LM , AL BEHEAT 104 45 R AL BE LA/ W T4 The
x-axis, y-axis, and z-axis represent manufacturing agglomeration,
green utilization efficiency of industrial land, and environmental regu-
lation, respectively. the variables have been trimmed at 1% to reduce
the interference of outliers.
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Fig.2 Three-dimensional relationship between ER,
AGG and EIL
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Fig.3 Temporal trends of EIL nationwide and across regions (A) and interprovincial differences in EIL (B)
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Table 4 Threshold effect tests for the nation as a whole and for eastern and midwestern regions

ST Iifii %A Critical value
N = \ N | iy
I I A A Threshold Fi P 10%6 /KF 5% K- 1% K-
Threshold variable Threshold type - F value Pvalue  Significance Significance Significance
estimate
level 10% level 5% level 1%
ST
In ER = 18 —1.380 44,440 0.007 14.375 21.491 40.347
Single threshold
CERD WU [ 1A 2.213
(Nationwide) " oo 27.900™ 0.020 13.650 19.227 35.735
Double threshold —1.380 7 v
FA— [ THE
InER . —1.314 58.990 0.000 12.242 17.253 27.327
Single threshold
Vi LT [ ] 2.177
(Eastern region) " oo 19.660™ 0.037 13.384 18.029 25.166
¢ Double threshold —1.314
oA TR
In ER AN —2.004 21.970"  0.020 12.175 15.037 25.129
Single threshold
(PRILE AU A 2.281
(Central and western regions) I ' 22,0107 0.033 13.899 20.260 27.582
Double threshold —2.711

T xR B FRTE 1096 .5 %6 A1 1260 7K T 53, F 3R], Note:*, #* and *** indicate significance at the 10%, 5%, and 1% lev-

els,respectively, as shown in the table below.
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In ER In ER

A ZE A TR A T IREAE — 1.380 A1 —2.213 % 17 94k 7145 5 The left and right figures correspond to the estimated results for threshold
values of —1.380 and —2.213, respectively; B. 247 B KK R 1 THEAE — 1.314 FIl—2.177 X B B9 4% 3145 5 The left and right figures corre-
spond to the estimated results for threshold. values of —1.314 and —2.177, respectively; C. 247 BRI R 1 IREAE —2.281 Al —2.711 X I Y
14558 The left and right figures correspond to the estimated results for threshold. values of —2.281 and —2.711, respectively.
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Fig.4 Results of the double-threshold estimation for the whole country(A) and the eastern(B),
central and western regions(C)
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Table 5 Threshold regression results

PP AR LI

N ZR S H X
AR eS| ARHLX Central and
. . . Eastern
Variable Nationwide . western
region .
regions
In AGG (In ER<<[X[a] [ )
In AGG(In ER <<Thresh- —0.422"" —0.671" —2.176™"
old 1)
In AGG(X[a] | <<InER<C
X&) 1) In AGG(Thresh- e . wee
—0.131 —0.393 —0.468
old I <{In ER<Thresh-
old 1)
In AGG (In ER>[X[&] Il )
In AGG (In ER>>Thresh- 0.227" 0.167 0.008
old 1
In PGDP 0.112" 0.208"" 0.207""
In OD —0.062"" —0.161"" 0.017
In GIL —0.223™ —0.309 —0.174™"
In ECS —0.424™ —0.601"" —0.068"
InIS —0.026 0.432"" —0.057
In RI 0.070™ 0.093" —0.017
Constant —2.489™ —3.560™ —2.744™
N 600 220 380
R-squared 0.356 0.421 0.082
F4tilht F-statistic 87.330 88.660 28.610

FEHR A, 4 R AR T2 — T TR (EL
— 7 T, PRI AL R Al B 29 ORI, 55— T
B A A2 RN i 7 A A WAL i /N T AT A RO
&I A R RL IR T Ak A A o e
] 36 e 4 2R DX P o R B B A R R R A ) B

B RN 1 RS TS Ye R I AR, 4
il T Mk M 2 ) TSR A ER T . 24 ER B ML
KA T8 — TR EL AN SR — IR B =2 [T, B4 1L
il X TR e R 2 T —E M ARIER I A
Ji 5 3R BN A5 AR LA AR R T AR, G b 2 1

TF 46 58 3, 1 3 b 5 5 0 Tl P Ml 2 €5 1) 28R Y
) 5% W0 Uk 559 5 24 B 358 R K OF R A A T A E
B, A 3 M R = A A i R T A AR RGN
e B AR, B 2230 18 v V5 e A AR H T 37, B A7
I ke B4 A Ml 3 5 2 4 AR AT I8 B RLA B/
A, B AR Ak i 3 o 9 3R ) A AR I ) 3k ol 4 R 5
TR TE R AR A AR AL B TR B AR T Tl
s R FRCRE T

AR AR B R T, 4% & JR KT Tl M 4
R AR BA B IE R, 205 & BKF-
o AT BT AR R AR IR A SR AR IR e AR S
IR ST A5 A, DT AR E T Ml FH 2 £ A1) FH 2%
Tt BRI KX Tl b a a F) FH AR 7=
BEWIE M . BHE AT DL & FERE L S iE
Y=l i kG A G L Uk /D BE VR T A AN IR BT
HETTHE TG IR A BE IR A RO . X AP T R B %
Tl FH b €50 FH A3 BTt 3 A 07 1) 53X AT
REEH T oI AT I5 G4l , DI 5 BORSE  #5 B
i TR % T FH b 2 €5 ) FH AR B 2 1Y 1
Al o ORI BE T AT R s 52 A 55 Bl ) AR TR
Bl ARF T A 8] 2 THME R AR BTH, il fE 2
FH Tl AT b T 3 0 A% AR Tl R b 23, DA
ASFF Tl b2 ) SRS T . RE RIS 2425
Fa 5%t Tl P b 2 €5 1) 805 th B A S 35 1 1 ) 52
M) o D DA oA =3 ) R T T 9% 25 AL BN T B HE ik
i, E R R B TS YL HERC, DTN A Tl
SRR FRCRAR T . Tl AR AR B Tk FH b % € )
AR EAG U AN 3% . TREAY DR P Tall
ORRFEAE — R o T RRVRTH FE IS Y HE
2, DT 58 1 Tk Ak % Tl i 2 0 1) FH 38 R 14
NREE A IGE S A i N A TE
25 RERUKESRRESHT

D) FRf PR 56 o ARG 50 B6 o [l 05 &5 SR i e fk
P ARBFCR DT 3ROk i A 5 . —J2
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BRI 2 (In ER<C—2.213)  H &R AR5 1L i 41
( —2.213<<In ER<<—1.380) F1 #% &= ¥ 55 1 1 41
(In ER>—1.380) , X} 3AFEAS 43 1] 2R FH ] 2 R4 0 A5
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Table 6 Results of robustness test (1)
BRI HhAE BRI AL 20 B S L
/E_E Low environmental regulation group Medium environmental regulation group High environmental regulation group
Variable Z B Coefficient 18 t-value Z K Coefficient {8 t-value Z B Coefficient 8 t-value
In AGG —0.725 —1.83 —0.021 —0.37 0.091 0.88
In PGDP —0.248 —0.65 0.297 5.01 0.128™ 1.97
In OD —0.011 —0.10 —0.090"" —3.59 —0.077" —2.45
In GIL 0.095 0.41 —0.083 —1.33 —0.270™" —3.48
In ECS —0.108 —0.77 —0.595"" —22.96 —0.206™" —4.14
InIS —0.443 —1.22 0.070 1.22 —0.045 —0.46
In RI —0.171 0.93 —0.053" —1.66 0.100"" 3.12
_cons 0.956 0.27 —3.467" —6.79 —3.010™ —5.24
N 44 302 254
iéﬁ;tllic 2.31 113.47 50.09
R-squared 0.513 0.548 0.391
R7T REMEREQR) .DER
Table 7 Results of robustness tests (2),(3)
T A 46 (2) T AG 46 (3)
Atk Results of robustness test (2) Results of robustness test (3)
Variable 1% iR 5% I — AL
Trimmed 1% Trimmed 5% Lagged one period ER
In AGG(In ER<<IX i1
(In E(R % Thre;ﬁ:ﬂjﬁ)) oasz o861 o3
SG(IX | <[XJn
(Tveshold 1 < nER < Theshold 1) o o oo
3G X [H
(I ER > Tl 1) oorz o sz
In PGDP 0.135™ 0.138"™ 0.142™
In OD —0.039" —0.031" —0.059™"
In GIL —0.229"" —0.241" —0.178"
In ECS —0.188"™ —0.149™ —0.454
InIS —0.033 —0.033 —0.010
InRI 0.063™" 0.064™" 0.043"
Constant —2.6347 —2.6717 —2.572
N 600 600 570
FHEi4k F-statistic 72.74 2551 81.24
R-squared 0.221 0.193 0.411
2) SBHEIT . IR RLR T IAE AR I X E ARDIETESE T AN [R] I B A [ PR 05 L S Y R4

i 36 L B SRR Ty AT st 2 M AR B S B T ARG

S SO 23 B A9 1A A5 G 36 B [l ) 45
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Table 8 Threshold effect test for heterogeneity analysis

IR

Ifi %A Critical value

TiH I‘Vf‘n"ﬁ’*{ai IR Threshold F{H P 0% kT 594 K 1% 7k
ITtem Threshold variable ~ Threshold type estimate Fvalue  Pvalue Significance  Significance  significance
level 10% level 5% level 1%
In ER [T .
—2.273 58.370 0.027 13.210 19.780 97.897
B (2000—20094%)  Single threshold 7
Time periods In ER FomerT
—1.195 32.500 0.003 11.104 16.010 22.477
(2010—20194)  Single threshold ° 7
— iy
Tl —1.784 46.280" 0.000 10.040 13.180 18.018
Single threshold
CONVER 5945
- Y
MU T 16.080"  0.077 14.298 18.536 31.366
Double threshold —1.336
BT o
TR B 2 Single threshold —2.364 34.530 0.010 19.860 24.727 29.306
Types of ER MARER 5 364
AU THE R 1
16.510 0.063 12.607 18.767 24.147
Double threshold —1.897 7
A
. — 4. oU. . L0490 0. L0440
AT 2.967 50.860 0.007 27.595 35.601 48.545
Single threshold
VOLER 0.667
SN —o.
AL I 49.860 " 0.000 22.380 28.657 37.130
Double threshold —0.614

MR Prw AE2 DI BN, g AR RS Tl
JH Hbu 25 €2 1) A0 22 18] 1 552 30 1R 36 1 PR S5E J o 114 B
— TR o ASTR] Y < 2000— 2009 4F i) 38 I £E B8
XoF T g 2 7R 3580 3 090 67 1) 552 ) o o 2 5 L
K- () 2 T2 800 55 , 1 2010—2019 45 ] & 3 A 1
TREIE . SN, 2000— 2009 4F , £ 45 ) 283 & i
KA AR, il 325 oMl B B DX P9 At 12t o oA 6 3
RSN % NS o 1Y LTV 3 GIUA 1 Dt Ol [ L I 7
S5 R 380 T Al f IR B AR | o o) 2l SR A A
F Tk F b 2t F AR T . SR, Bl % 2R 58
il AT HE T, B4 P85 A AR o A 1 A7 S 0
ARABUHT, TEUR 7= A BTHAMEEROUN , 38 48 XS Tall
JH b 25 €00 ) FH 0036 19 i) 25500 328 BT 55 . 2010—
2019 4%, Bl 7 IR BT AL AKF- BT, BE 222000 42 1 B3 47
T R 1 A Ml 3 3 0 AR A KT P R AR
AT 4 2y Tl P b 5 £ ) 8802 52 T o AE X — R
W, 205 KRR b AR R AR AL T A T A AL
FMEBE R 2238 5508 AR 0 T H AR GRSy
Ml B AR AL 50 R Y B SO Y AR v

TEAE R, BE A R B R 5 R0, )l S 2R
PR IET Tl b o 1] SR AR T

OFNEEiUEZS 5 1S E: 51K 0 v N [ <1
ISR ) A RO AS ], VE ML A7 7R 22 5
AT FEMIR LA i A T 7 5l B RN 1 B TR A A5 A
il S 1A A2 B, 43 A A [R] 2 A R B LA T o 3 ol 4R
R T FH b 2 60 1) FH 25503 1) 52 W) 3650 s 75 A7 A
5.

R 8 MR 9 R, 3 A B PR BT AL 43 1 1
XU 1A K 5, 1) M 1B 23 ) o —2.245. —1.336;
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Table 9 Heterogeneity analysis threshold regression results

i$ B Time periods IEERLHIZE A Types of ER

Variable mw;mw 2010—20194F CONVER MARER VOLER
In AGG(In ER<<IX[f] ) (In ER < Threshold 1) —0.394™ —0.175" —0.342" —0.496™ —0.092
In AGG(IX ] T <<In ER<<IX i IT ) . " " ” .
(Threshold T — IER < Threchoid 1) —0.122 0.295 —0.132 —0.226 —1.076
In AGG(In ER>X A/ IIl) (In ER > Threshold 1Il) 0.114" 0.015 0.000
In PGDP 0.006 0.125 0.1427 0.153° 0.191°°
In OD —0.016 0.049 —0.049" —0.031 —0.033°
In GIL —0.075" —0.088 —0.236™ —0.258" —0.289"
In ECS —0.058 —0.644™ —0.408™ —0.344™ —0.264™
In IS —0.032 0.038 —0.005 0.003 —0.003
In RI 0.051° 0.006 0.056™ 0.046" 0.041°
Constant —1.042" —1.867 —2.686™ —2.746™ —3.137"
N 300 300 600 600 600
R-squared 0.068 0.460 0.331 0.344 0.290
F 45t F-statistic 13.21 52.14 84.850 82.200 94.33

3 HEBREBREW

31 FEZit
ARWFGEAE P Tk Sk 68 R T 50 T, IR
FIL T B AR A8 ST T o L 48 B Tl M s e 0
BRI . FEESBF

1)2000—2019 45, Hp [ Tlk HH M & € R FHRCR
e A I T ARG S D K A AR KR
h2.942% . AL XA AR Ak S A E AL 7E
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Effects of manufacturing agglomeration on green utilization efficiency
of industrial land in terms of environmental regulation

LIU Nannan,ZHAO Ke, PENG Kaili, LLIU Jianling

College of Public Administration/ Research Center for Natural Resources Management and
Global Governance, Huazhong Agricultural University, Wuhan 430070, China

Abstract Improving the green utilization efficiency of industrial land is an important way to achieve
sustainable land use and development of industrial economy with high-quality, and the agglomeration of
manufacturing (AGG) industry is an important factor affecting the green utilization efficiency of industrial
land (EIL). The panel data from 30 provinces in China from 2000 to 2019 were used to study the mecha-
nism and effects of manufacturing agglomeration (AGG) on the green utilization efficiency of industrial
land (EIL) from the perspective of environmental regulation (ER). The results showed that the green utili-
zation efficiency of industrial land (EIL) in China from 2000 to 2019 had a trend of steady increase fol-
lowed by rapid growth, with an average annual growth rate of 2.942%. The green utilization efficiency of
industrial land (EIL) in the eastern region of China remained higher than that in the central and western re-
gions of China, with an average annual growth rate of 4.993% and 1.061% , respectively. The effects of
manufacturing agglomeration (AGG) on the green utilization efficiency of industrial land (EIL) had a
threshold characteristic with the changes in the intensity of environmental regulation (ER). There was a U-
shaped relationship between the manufacturing agglomeration (AGG) and the green utilization efficiency of
industrial land (EIL) with the increase of the intensity of environmental regulation (ER). It was found
from heterogeneity analyses that the negative effect of AGG on EIL gradually weakened with the improve-
ment in the level of ER from 2000 to 2009, and had a negative to positive trend from 2010 to 2019. Volun-
tary ER was the first to generate a threshold effect, while market-oriented and command-and-control types
of ER were observed to manifest at a higher level of ER. It is indicated that the differentiated policies for en-
vironmental regulation (ER) should be formulated to upgrade the industrial structure of manufacturing in-
dustry and the green utilization of industrial land.

Keywords environmental regulation (ER) ; manufacturing agglomeration (AGG) ; industrial land ;
green utilization efficiency ; threshold effect
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