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Fig. 2 Spatial patterns of industrial SO, emission intensity at prefecture-level city in China from 2003 to 2013
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Fig. 3 Spatial patterns of agglomeration level and enterprise' geographic proximity at prefecture-level city from 2003 to 2013
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Fig. 4 Spatial patterns of industrial specialization and diversity level at prefecture-level city in China from 2003 to 2013
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Fig. 5 Spatial patterns of industrial related variety and unrelated variety level at prefecture-level city from 2003 to 2013
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JeXt 2003-2013 4 4[5 )2 1 A [7) 42 5
K5 Tk 75 i ¢ RIEATR LS, AR
FIRIRL 2 43 12552 TAE R . kit
PRARIT BE X5 YL HE R B (R e, AR
34007 T Ll Ak . ZREME S5 G HEUR
FER R, R AR T A 2R
A A XS T Y HERCR BE A
FARZERINZEL 1 iR,

(1) BTG YL Y 52 A7 7E 25 0] s
MR . MWARR TAPERARXE, il
H R AR AR DG REPE Y 23 ()68 e
TEARBIS, EREEE . M. X2
FEVE ) 2 (R I 200 10 5 2R 580 3o
Lol Ak a3 (A I e S R B O IR,
LIS TT B9 Tolk 75 Y HEROK -2 32 20 A1
SR T AR AR DL A FZ R, AHARIN T A £
RERE . ZRERMACZREERT =R
25 A AN A A A DX I Tl 75 e HE s
FE B R, T AR A0 X B — 7=l g A
S RIAR I Tl 5% .

(2) Tl AE 5% FE Ll H B AR AT
FER R A R TREAL Tk 3. O H
B 1A, Tl s E R 5 Tk
SO, HE s BE () P12 80 3 R i, i
HH TV 4 2R 2% 3 1 4 1 ] A 8RR T
s e HE . RS IE 518 205 —FE,
ULHIEE RIKY- b T+ BTy >fe () P15 1E AR
PEXT TS g PR EEEEM, E
IS AT 2500t r ] 4 ek A I 7 e P TN B
0] LA B AR TS Y HE R . @ H
FEEARL 2 AT 0, Al M BEAR T BE 5 Tl
SO, HE I 5% FE Y 01 0 2 B[R A 2 R
B, ULIH AL SBT3 A7 A ) 15 Yk
Heo ZE5E TS B A EDIE,
ZEBREE I LRGSR B R A TS
K, Ak as [ 403w v] LU= A F T4

x1

AEEREX ST SO HMEEXR
MERER(EEER)

Tab. 1 Regression result of the relationship between

agglomeration pattern and industrial SO emission intensity at

the national level

R | R 2 R 3 T 4
p/A 0.536™ 0.565" 0.497"™ 0.506™
0.016)  (0.016)  (0.017)  (0.017)
dens -0.064"
(0.026)
pro -0.036""
(0.012)
rzi 0.003
(0.002)
rdi -0.622""
(0.100)
ry -0.456™
(0.090)
uv 0.458™
(0.117)
pop S1538 —17997  —14747  -1.573"
0.227)  (0223)  (0222)  (0.221)
sstr 0.273" 0.290" 0.102 0.052
0.119)  (0.120)  (0.120)  (0.123)
open -0.261 0.938 1.635" 1.428"
0735 (0.723)  (0.715)  (0.716)
tec -5.294""  —-11.141"" -8.557""  -10.118"
(1508)  (1380)  (1.369)  (1.358)
er -0.034" -0.040"" -0.033" 0.041™
0,015 (0.015)  (0.015)  (0.015)
W xdens -0.245™
(0.045)
Wxpro 0.021
(0.020)
W xrzi 0.007"
(0.004)
W xrdi -1.079"™
(0.172)
Wxry -1.420™"
(0.159)
Wxuy 0.323
(0.213)
R 0.322 0.308 0.368 0.377
Lli -2579.101 -2608.052 -2539.161 -2545.846

itk BUERL  EOERN  EEROL AR

W UL U IEERLE0.L, 0.05, 0.01 K FRE; SN
B IR 2EE

BTSN, TE AT 15 TR 2 9 Y L B IR B 2P A R
(3) ZHMEER LA R EREFRAR Tl T5 P HEBUK . iR 3 A, Lk il
R Tk SOHEMUR B R A R BOY I, (EORIE I AR ; SRR S Tl SO,
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HEwlom B a0 250 R, Ui A S RS Tl is G sZ i N L, T Z2 AR
RWARTF TG YK TR, NEAEMEE, WRE 00 T &R shZS MBI 5 Y2
VHERONE ,  [AIRE A R 2R B 05 Yoo HESON B2 B T 2l AL AR 3R .

(4) MHRZHEEERE R TG0k HE, AR EER SR Tk 5y, B
AT, AHRZHEES Tl SO HEsE B /) [MH 250 25 A, AR SCZREPERT [I1H 2
B MIE, BARH LA b S A SRRl 1) Z2 A0 A A1 F Tl i5 e ik, 1B ARGk )
ERSIMATE YR . B TPl BTG Y52 i 5T i AN 22 W, AEURH G SRR TIE 52
T AR Z R FE AR AR D 2R A 2 o R RSN GE A= R R, R A A F 5k PO =
PR R R, X AE— R T FRENEIE SR SCAFR 45 e T SEME, R AR ANG: . rPllfa]
BAFE R IEREER I TG Y PR EE R R,

522 ARIEBRHEKXESTU SO HMEEXRMITERE—FDAARRRXE ~Mit—F
BT AN [RVAE SRR AT e HERIE A X025 57, A SR 4 ) B i 4 BRI /e 48 3l iy st 2 X
REAYARER . AP A BT S, ST 45 5 g 2 F136 3

(1) VAR % B A P v DX R k5 YooK/ R R, FE P IX A4
AR, RilEh, T EREE S Tl SO HER R EE AY 0] )3 25 B AE 4R rh va R 1) B 3
i, M REBEHER /NG, PO, TRz, AR/, B Tl 5 R ry s g
DRHERION, KM IE PGS . HEf AR o 33X 55 [|) DX 3l r A 19 7= M 2 58 K J B B A 5%
AAPHL X PRV AR R A . KO BB, SRR A A RSN M IR TR, T
LRI —20 LT RIBT Sk SRR B . BA LTF . R R FEAE (15 5T 1
ANERPEASE™Y ., B DUHAE R AU HEVE AR X 3/ s A E R X i AL T Tk 42 R & gl
BB, BRI/ IME & JRAR YL, R Ab i A B T LU BB & (s HERON, T A
SERAE PR A 15 G HEVE B R

(2) ApHBRAR A AT rh g3 i X T 15 G4 p9 I [, B2 IR ZR R ) 35 YL K-
A Mo BRAR T 5 Tl SO, HERL 5 B A% 0] 5 25 S A rh s Mg 3 28 i & i, ZRER 35 A
1E, LB PR BT 7 A 7E PSR A R T RIS 4, HS FEURTS TAlkis ok -
o X —E51ERIFE S AR X0 7= b 4 R A R I Be VIO, A Bt X 1 7= b 45 R 25
BH, ZUTERNEGEY, MSHEIGEITR “PIER0N” BRI g v X Ak
F AR oGRS BB, A o BRABIT A A F X 48075 Y 6 BRI A 215 Flliz &
P A A TE AN B e R R s I o

(3) TV AEFEHEA S ZFEMEAF T AR Hh il i X 75 G HE , T 2 FE P AN AR S 2 AR
X ER PR TS G HAE R T4 . Tl AEFEHEA S 2 FE 5 Tolk SO, HEl 5% B 1t 5% 2
TEARHR . P E NIE, EEYAEE, UL FEAEM S ZRE R AR Tl
15 Y HEBOKSE ETHSEm R 2R . AR FIAE S 2 R AE AR TR PR RS Tk SO HEBCHR B /Y
B R BT, AR 2B LT R T AR, BB AE B IR FaY
AL R SR RENS e RS YK TR, EHR PO HE E TR, BRI AR R T ) = 4
Myoeas H2EMZRE . B S, (HERC LI ASRWEL, Pk ald AR s H 75 GesiEsg
N FEARFERE o HPEERAL T S R A sl A B B, b S PR L SR AR
L& IEAL FANEI e A FERE b, b SRR RN SCEK B A ST RE 7 A B 5 A A EE 1E AN
523 AEERBEXE T SO HHEEXZHITERE—XHB/NAEHTNE it

@ AR AT L G AT AR AL VLR AR WL AR R, AR YL AR L TR R
TR BIAE TP, PR ELAR A S BRIV TR S CHON BTSRRI DU SN SR TP
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Tab.2 Regression results of the relationship between geographical agglomeration, enterprises’ geographic proximity

and industrial SO, emission intensity in different regions of China

AR rfis [l AR i L
dens -0.163™ -0.941" 2275
(0.025) (0.096) (0.260)
pro 0.054 -0.074™ -0.061"
(0.025) (0.022) (0.024)
pop -0.302 -2.005" -1.468" -0.926™ -3.235™ -3.638"
(0.344) (0.460) (0.648) (0.336) (0.461) (0.638)
sstr 1.093° 1.088" -0.023 1.173° 1.157" 0.277
0.271) (0.222) (0.234) 0.276) (0.231) (0.241)
open -1.161 -0.909 4.120" -0.649 -1.339 0.668
(0.998) (1.972) (1.906) (1.014) (2.052) (1.938)
tec -16.815™ -0.111 —54.787" -21.836™ -12.005" -77.033"
(1.993) (2.476) (7.370) (1.858) (2.442) (7.172)
er -0.708"" -1.453" 0.008 -0.713"" -1.722"" -0.004
0.072) (0.098) (0.021) 0.074) (0.098) (0.022)
¢ 5478 15.878° 12,613 8.686™ 23717 24216
(2.126) (2.640) (3.304) (2.112) (2.658) (3.299)
R 0.369 0.467 0314 0.344 0.423 0.258
EXAWIREN [ E RN [ ERL [ E R [ R [ R [ R
L 7L TIERARTEO.L, 0.05. 0.01 /K BE, FES BT AR,

F3 Bk, R, BXAEAEEX)ZEMEX T SO, HEE E MmNy o R E 45 R

Tab. 3 Regression results of the relationship between specialization, diversity, related and unrelated variety levels

and industrial SO, emission intensity in different regions of China

IRER rhis [l AR i (L
rzi 0.012" 0.015™ 0.002

(0.005) (0.004) (0.004)
rdi -0.545" -1.380"" -1.772"

(0.149) (0.167) (0.292)
v —0.446™ -1.195™ -0.872"

(0.145) (0.159) (0.197)
uv 0.485° 0.741" 0.304
(0.242) (0.211) (0.246)

pop -0.948" -2.507"" -3.093"™ -0.339"™ -3.072"™ -3.020"

(0.332) (0.446) (0.624) (0.088) (0.452) (0.635)
sstr 1.076™ 0.701 0.170 1.093° 0.525" 0.095

(0.276) (0.227) 0.237) (0.242) (0.244) (0.243)
open -0.343 0.004 1.710 -0.944 -0.355 0.979"

(1.006) (1.965) (1.912) (0.906) (2.016) (1.931)
tec -21.942 -6.600"" —-71.874™ -23.996" -10.613" ~77.865"

(1.833) (2.276) (7.099) (1.728) (2.321) (7.118)
er -0.689™ -1.522" -0.003 -0.702" -1.627™ 0.001

0.073) (0.096) (0.022) 0.072) (0.097) (0.022)
¢ 9.993™ 20.060° 224247 5.820™ 22.938" 21.146™

(2.065) (2.547) (3.186) (0.635) (2.595) (3.238)
R 0.356 0.474 0.286 0.346 0.447 0.270
EXAWIRES [ R [ RN [ R BEHLALY Bl dma [ R

e 7L 7L TARIFORTEOL, 0.05, 0.01 K R, S NECE MR A,
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AR RAE RS e e R4 BRI Tl SO HE MR RIS S E A B
ﬁi %ﬁ ﬂ[’ﬁj E]/‘J bﬁﬁiﬂqﬂﬁ%ﬁ , 72%% [iil Tab. 4 Regression results of the relationship between industrial
% Iyi, EI] Zi E /‘J << ?é F iﬁﬁ i}]j?fﬁ %EEE'C agglomeration patterns and industrial SO, emission intensity
= ) diff ban scal
ﬁljﬁ}ﬁ??ﬁ E]/\]ﬁ%[] (2014) >> Fﬁ‘ﬁ at different urban scales
SE PRI o b, [R5

AN TR N IR AR Kyl

. dens -5.386™ ~0.580"" -0.965™ -0.132"
R TT AR HUME L K B 2006- (1.274) (0.120) (0.094) (0.020)
2013 44 Hi ik X w4 AT 93 pro 0.008 -0.062" -0.072" 0.032

5l (0.048) (0.023) (0.023) (0.022)
Sj ’ f’i;fj;ﬁﬁ?ﬁm Ijtﬂﬂzﬁigj%%;ﬁflﬂi rzi 0.009 0.009" 0.013" 0.005
LN . N (0.006) (0.004) (0.005) (0.007)
[F] A AT B 208, 25 rdi 2.016™ -1.483" -1.720™ -0.416™
! $ib 15 54 (0.604) (0.234) (0.176) (0.132)
PR TR BCHEE A HNT 20007 rv ~0.175 ~0.813" ~1.674™ -0.105
20~50 J1 . 50~100 J3 Fll K F 100 (0.309) (0.177) (0.173) (0.190)
T, WX AN RPE Sk A uv 1415 0.153 0.208 0.032
2006-2013 4F (o [ I T B 4 5$;ﬂ4 mm)ﬁ%ﬁ?éﬁg;%&
. e T LT TAMIERAEOL, 0.05. 0.01KF ERE, S5 AECENER
VHAER) . AT T RS “ T

EllSEE U

(1) SRS (A LR AN [ 3 TI7 RS2 Y5 e HE A 52 i 777 I ol ) S Sl o %ot
TN CEIN T 20 73T 28RSk ik, Tl A2 38 % B i YuidiHE ORI Ok, T
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TR SEM TR . P2 AR S RIS AR S 2 RE M, HIE ARG (R AN P 44 %) 4
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e 32 AR 5 22 B X5 e HE R R S M E AN TS 3 o FR b T AR, flb 25 (1430 A=l
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Impact of industrial spatial and organizational agglomeration
patterns on industrial SO, emissions of prefecture-level cities
in China
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Abstract: Agglomeration externality is an important mechanism for reducing industrial
pollution emission. Different agglomeration patterns correspond to different pollution emission
behaviors and effects. Based on the theory of agglomeration economies and the industrial data
from 285 China's prefecture-level cities, this paper differentiates the agglomeration patterns into
different types such as agglomeration density, geographical proximity, specialization, diversity,
related diversity, and unrelated diversity from the spatial and organizational perspectives, and
investigates the spatial patterns of industrial SO, pollution intensity and industrial
agglomeration levels, and examines the effects of different agglomeration types on industrial
SO, emissions by building econometric models. The main conclusions are as follows: (1) There
exists the asymmetric spatial distribution between the industrial SO, pollution intensity and the
industrial agglomeration levels. The pollution intensity is higher in the west, but lower in the
east. The levels of agglomeration density, geographic proximity, diversity, related diversity and
unrelated diversity are higher in the eastern and central regions, but lower in the western. (2)
There is the spatial spillover effect of industrial agglomeration on industrial SO, pollution. The
geographical agglomeration, diversity, and related diversity in neighboring regions have a
negative impact on industrial pollution, while specialization has a positive effect. (3) Raising
the agglomeration scale and guiding enterprises concentrated in industrial parks can help to
reduce industrial SO, emissions, and promoting the diverse and related industrial agglomeration
is conducive to pollution reduction, while unrelated industries agglomeration will increase
pollution emissions. (4) The impact of industrial agglomeration on industrial SO, emissions has a
notable spatial heterogeneity. Agglomeration density, geographic proximity, diversity and related
diversity play a more significant role in pollution reduction in the central and western regions,
while specialization and unrelated diversity are not conducive to pollution reduction in the
eastern and central regions; Increasing agglomeration density and reducing diversity and
unrelated diversity level are more beneficial to the small cities; Improving the geographic
proximity, industrial diversity and related diversity levels are more helpful to the medium- and
small-sized cites, but the reduction effect for the large cities goes obviously down because of
the crowding effect. (5) To further reduce the intensity of industrial SO, emissions, it is
necessary to take the road of agglomeration, persist on increasing agglomeration density, guide
enterprises' centralized layout, improve the level of industrial diversity based on
technology association, strengthen the joint prevention and control among neighboring regions,
and focus on the industrial linkage and environmental protection cooperation between regions.
Keywords: agglomeration externality; pollution emission intensity; spatial and organizational
agglomeration pattern; spatial spillover; industrial SO, emissions



