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Fig. 1 Spatial distribution of wastewater pollution enterprises in Shenzhen
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Fig. 2 Spatial distribution of wastegas pollution enterprises in Shenzhen
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Fig. 3 Spatial distribution of wastesolid pollution enterprises in Shenzhen
Wastesolid =4, + #,D_bound + 5,D_HK + $,D_transortion + 8,d_SEZ + 5, pdensity + S, Z + ¢
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Tab. 1 Definitions of independent variables and expected signs

. o A Jr 1]
i e Kk m W
D_bound PRI A B0 5 e o B 8 (AL RN T v S0 4) - -
D_HK T R S 300 5 ) e R B + + +
d_SEZ FEX A AL 1, 75004 0
D_road 2 6 P e oI 2 - - -
D_port T 1T - TS VO XA e I AE  AfE AHE
D_rail TSI 652325 3 14 g e P AHE  AWE RRE
D_air P 5 2 [T AT L3 1) e o AWE  AE AT
D_river B A1 T A e e B -
D_maozhou SR VT P e P
D_shenzhen HE R0 Ay fe o B 5 +
D_guanlan P X T T P e o B 2
D_longgang e Y P 5 e P
D_pingshan FE BT ) d e -
Wind LA SR X TE PSRRI M 1, 75000 0 +
Pop density AV TR BN T 25 - - -
d_SOE [ B A P e Al AV Ry 1, 7500028 0 + + +
open time | 2007 4F 1k, il T 285 I i) + + +

Revenue Al Tl A 7= A + + +
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Tab. 2 The descriptive statistics analysis of samples

P MU ORAE H/ME bRifEZE AL

Wastewater/Revenue 57.33 9.95 44262.86 0 1006.24 1951
Wastegas/Revenue 0.41 0 348.43 0 8.19 1951
Wastesolid/Revenue 0.12 0.01 40 0 1.25 1951
Wastewater 373124 6000 2489287 0 139045.7 2003
Wastegas 2764.38 0 623665 0 28387.05 2003
Wastesolid 221.62 10 93012 0 2480.21 2003
d_SOE 0.03 0 1 0 0.17 2003
Revenue 14447.23 800 1660000 0 86757.87 2003
D_road 720.25 460.08 6462.37 0.06 818.5 2003
D_port 21611.8 19907.38 40713.06 469.94 8457.9 2003
D_rail 22080.36 22619.15 40972.5 611.4 9523.46 2003

D_air 26789.14 24373.85 73129.88 1987.66 16536.96 2003
D_bound 3889.92 3435.28 13585.36 14.25 2655.27 2003
d_SEZ 0.29 0 1 0 0.46 2003
D_HK 16955.81 15997.26 37758.47 26.66 11166.45 2003
D_river 2143.6 1904.5 9229.18 7.55 1622.53 2003

Pop density 0.98 0.8 7.62 0.03 0.93 2003
Wind 0.15 0 1 0 0.36 2003
Opentime 9.1 8 109 0 6.58 1921
D_maozhou 20211.81 20999.95 64254.63 22.09 14821.68 2003
D_shenzhen 18517.81 16822.03 39771.01 61.36 12277.71 2003
D_guanlan 17432.22 17950.11 49107.87 7.51 9146.3 2003
D_longgang 23519.98 21868.82 46876.96 4.15 14707.45 2003
D_pingshan 29770.51 29868.99 53739.56 14.48 16035.62 2003

2 5 B R 1 B ) B S R B A DG R EUK T 0.6, E— A X AR it B SRR VBT T A2 T,
JE KRR R AR i D_HK AR 5 )i AR i AT B A L g i, Rk, % D_HK AR 5
AR B R] RARR p  22 pE 3AR a RC: (R1 V28 52 31575 22 ( heteroskedasticity) )52
Wi, 30 AR A S 22 FaddtbR iR 22 ( heteroskedasticity robust standard error)#f&1E OLS., #
3. RAFRS NIRRT BT FY 5 Gl B 25 R

XTI ARG YAk, D_bound i3 A 171 156 B B /K HEOR 4 il 5AT B 8 A9 5 i 3k vl 41
L B RRE , S UE T AR SO T YAl 3 B3k 17 A0 [l 20 53t LA fe 775 Yk X 19 %
A TE BH I T 90 B 75 e B G A AE s D_HK B3 IE DB I /K 75 e i At LA e
BEE AR S . 12, WBEAEEEERIE L L “SiSET Mo TE1E, mpbEsE
RIS BAVEME— 0, FERE IR D HATE R R, 5 YAl 9 25 8] 43 A1 e s IE
R AAER I IAEE, Wl SOy PR EE R A E SR . d_SEZ 3 M i, UiRATS Y4 ™ E A4
b HAT T8 88 R X A3 AR o 38T PN A2 L AR it A% & D_road . D_port, D_air A i
UL KIS Je Al AT B S A FE 2 L HS FURILI o3 A B9 RRAIE , 3 SR AR AT B Al
PR A DB Al X T A E G A A RN AL, SRS YAl B 2 T IR
Ay D_rail B3 MIE, RPEEUTE 02328 HX 2L 0 15 7K HE A 5 15 7K HE AR DA R HE IO B #i 4
AN, X BT A A S A AN TR A EESK 5 D_river AR, HIRIN 322 i
D_maozhou, D_longgang. D_pingshan {3 A1, i BB K HEROR B4l 38 22 00 70 A1 e 5
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Tab. 3 Regression results of wastewater pollution enterprises
OoLS Robust Regression
Wastewater/ Wastewater/ Wastewater/ Wastewater/
wastewater wastewater wastewater  wastewater
revenue revenue revenue revenue
D_bound -0.219™ -0.198™ -0.267 -0.267 -0.219™ -0.208™ -0.233™ -0.229™
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
D_HK 0.352"™ 0.322™ 0.369™ 0.431™
(0.000) (0.001) (0.000) (0.000)
d_SEZ -0.141" -0.153" -0.352™" -0.345™ -0.175™ -0.163™ -0.308™ -0.259™
(0.010) (0.013) (0.000) (0.001) (0.002) (0.008) (0.000) (0.001)
D_road -0.0146 -0.0124 -0.0128 -0.00739 -0.0219 -0.0212 0.00110  0.0000870
(0.568) (0.634) (0.725) (0.842) (0.406) (0.430) (0.974) (0.998)
D_port -0.0710 0.0713 0.0255 0.186 -0.117 0.0780 -0.196" 0.155
(0.421) (0.480) (0.853) (0.236) (0.181) (0.442) (0.077) (0.229)
D_rail 0.214™ -0.00731 0.355™ 0.191 0.228™ -0.0461 0.298™ -0.113
(0.002) (0.957) (0.000) (0.344) (0.001) (0.735) (0.001) (0.513)
D_air 0.0945 -0.0911 0.0626 -0.181 0.108" -0.130 0.0708 -0.254"
(0.096) (0.287) (0.416) (0.121) (0.065) (0.157) (0.327) (0.026)
D_river -0.0184 0.0157 0.00921 0.0548 -0.0195 0.0172 -0.0285 -0.00107
(0.507) (0.658) (0.816) (0.291) (0.490) (0.616) (0.428) (0.980)
D_maozhou -0.111™ -0.109" -0.108™ -0.0793
(0.008) (0.053) (0.018) (0.167)
D_shenzhen 0.237" 0.226 0.277™ 0.353™
(0.011) (0.082) (0.002) (0.002)
D_guanlan 0.0359 -0.00516 0.0465 0.108
(0.527) (0.950) (0.457) (0.172)
D_longgang -0.0936™ -0.131™ -0.100™ -0.108™
(0.008) (0.009) (0.010) (0.028)
D_pingshan -0.0923° -0.118 -0.130" -0.161"
(0.091) (0.138) (0.021) (0.024)
Pop density 0.175 0.121 0.139 0.119 0.225 0.193 0.237 0.204
(0.177) (0.409) (0.484) (0.588) (0.092) (0.199) (0.161) (0.285)
d_SOE 0.249™ 0.253™ 0.464™ 0.466™ 0.227™ 0.231™ 0.328™ 0.334™
(0.003) (0.003) (0.000) (0.000) (0.007) (0.006) (0.002) (0.002)
Open time 0.00619™  0.00628™  0.00792™ 0.00796™ 0.00468™ 0.00481"  0.00736™  0.00765™
(0.006) (0.005) (0.013) (0.013) (0.030) (0.026) (0.007) (0.005)
Revenue -0.422™ -0.420™ 0.375™ 0.378™ -0.431™ -0.427" 0.377™ 0.384™
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
_cons 0.621 3.149™ 0.400 3.212™ 0.696 3.497™ 1.118 3.984™
(0.341) (0.000) (0.662) (0.006) (0.299) (0.000) (0.178) (0.000)
N 1796 1796 1831 1831 1796 1796 1831 1831
R 0.378 0.377 0.322 0.322 0.379 0.378 0.360 0.361
F 92.60 72.19 81.58 60.57 90.69 67.49 85.34 64.02

OLSHIIFE S PE Nk T 57 T ZE R bR iR 22 102

*p<01, **p<0.05 ***p<0.01
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Tab. 4 Regression results of wastegas and wastesolid pollution enterprises

B [¥5] A )% 5540
oLS Rt (=] ) OLS R [ )9
Wastegas/ Wastegas/ Wastesolid ~ wastesol ~ Wastesolid/  wastesol
wastegas wastegas . .
revenue revenue /revenue id revenue id

D_bound 0.0544 -0.139 -0.0177 -0.182 0.00413 -0.128™ -0.00243™ -0.114™
(0.464) (0.578) (0.320) (0.516) (0.247) (0.004) (0.007) (0.006)

D_HK -0.0749 -0.428 -0.0277 -0.433 0.00445 0.353™ 0.00750™ 0.394™
(0.456) (0.448) (0.434) (0.441) (0.652) (0.004) (0.000) (0.000)

d_SEZ -0.231" -0.268 0.00602 -0.307 0.0433" 0.0609 0.00441™ 0.0377
(0.030) (0.499) (0.825) (0.474) (0.011) (0.549) (0.004) (0.598)

D_road 0.00134 -0.00604 -0.00684 0.0224 0.00238 -0.0267 -0.00117" -0.0348
(0.977) (0.972) (0.544) (0.901) (0.549) (0.472) (0.097) (0.287)

D_port -0.239" -0.200 0.0283 -0.169 0.0238™ -0.285" 0.000214 -0.250™
(0.053) (0.654) (0.375) (0.739) (0.026) (0.065) (0.931) (0.028)

D_rail -0.0440 0.270 0.0725" 0.374 -0.0110 0.290™ 0.00271 0.315™
(0.820) (0.643) (0.073) (0.554) (0.173) (0.004) (0.164) (0.001)

D_air -0.122 0.117 0.0906™ 0.221 -0.0130 0.0131 0.00334" 0.0963
(0.488) (0.835) (0.029) (0.726) (0.194) (0.868) (0.031) (0.180)

Pop density 0.0580 -1.762" -0.0713 -1.656" -0.0354 0.519" 0.0116™ 0.668™
(0.742) (0.035) (0.223) (0.076) (0.277) (0.020) (0.005) (0.000)

d_SOE 0.216 -0.121 -0.0434 -0.0744 -0.0172" 0.339° -0.00254 -0.112
(0.231) (0.811) (0.201) (0.891) (0.079) (0.100) (0.295) (0.284)

Wind -0.0116 -0.506 -0.0453 -0.607

0.920)  (0.222)  (0.149)  (0.211)

Opentime  -0.00797°  0.00998  0.00134  0.00758 0.000348  0.00151  -0.0000888  -0.00132
(0.063) (0.477) (0.197) (0.647) (0.396) (0.597) (0.125) (0.624)
Revenue 0125 0266  -0.0323"  0.305™ -0.0330" 0286 -0.00707"  0.318™"
(0.000) (0.009) (0.000) (0.002) (0.000) (0.000) (0.000) (0.000)

_cons 2711 3.780 -0.437 2.726 0.0935 -0.672 -0.0153 -1.634°
(0.102) (0.448) (0.204) (0.615) (0.375) (0.498) (0.409) (0.057)

N 211 214 211 214 1453 1465 1453 1465

R? 0.147 0.090 0.165 0.090 0.151 0.177 0.252 0.231

F 3.78 2.03 3.26 1.65 11.68 21.45 44.11 39.61

OLSHLAIFE S P AR T Ry 2 AR (bRl 22 A 25 21
*p <04, **p<005, ***p<0.01

PEZFPRT S b AL DO SN RINFIASER ST, HAT, S T 7K 54T
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B SRR I A AR o e B TR LT S TR EH 8] B B ST, AT A P
FETHI G F T BUM ] A AR T AR BRI, D_shenzhen 3 4 E30 IR K HERCZ (14 4l 3
Z R B G o3, 33X T B PRIINAT (8 DX AR S REAT G, RIINAT A RYI il 224 X
ICAGYINE, s AU, DRIITEZE T e b0 s (0 RO el 25 7 S BORF PEPRBE O/ | H.
A—E AR WIFEERIEUE T AN [R] AITUR DBEXS 5 Al 3t BH o3 A1 HAT A [R5 0 4 4
. d_SOE ¥ Mik, RWEA ML KH E AR Bsbr it is e, X5
Wang" 25 5 F-15 YAl HF V5 BEJ1 IOHFSE HAT— 2tk . Open time iR M 1E, [RIFEHLIRIE T
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A A K ) g i E) (S HAR A B HE S 58 1 ik .

XA YA, A B A S IR T A0 L2 55 DA R 58 38 SR 15 it 0 A A RRAE 5
Pop density {2 R 6, UL RAHECR K AT5 el B @ A TR X AR REIE, 5
T XS YA B XA R B R — 80 SR T geA AR, = SRR A A e
BRI AR S . 5340, BUMA wind 2R IR A B3, BRI T B SR I R A
15 YAl AT WS AN B W Ge T R, (BN 2R E, R R llis 2 2
B A3 AT AE RN T 3 5 KU KU

XFFERIE F- PG Yk, SR AKIG YAV AR, D_bound 23 A1, D_HKEEN
1E, BV E F790075 e o A Al 7 S S0 SR T A/ L SRS 15 A v Y A A R . d_SEZ
HERRE B 0 IE, SIEAKIG AN, R X P AR 52005 Y HEBOGR FERR, FF
X N e 15 Gy Ak PR A R it ] Ry LR AT e b BRARE . AP 40075 G Al X 3 T
830 B AN UK, HERCR R AT D road ZRECH A, BIHERCER EE R B4l # T
VLSO AT 5 HERCAa X EARE R D_port 235 R B, BEBATS YeHERCR Kl B SEir ik O
A3 AR, (AHERGERE D_port B I, XU M T HE S A RCR, Sl LA
Jith R A F IR BE A X [ AR 5 35 75 YAk BE S L D_rail A1 D_air HEHCHR BE B2 W IE
RIHER R B /N Al B 22 B S8 B XAl S 0L A s SIRA 59 AT, Pop density
EONIE,  RPEARRE FF I HE RO A Al B e 5 XS T Ak, X 2Bl K& R 55 8)
JiE RN, X T 55 8h M E T R R AR I N VAR X A, Jasb, BERE s
EAE P bR, MR K TS Yeillr, HX bR BE RS /N . d_SOE HETS 46 X (B Ak Y
WO I, HERGR AR B2, LB EAE A RS RO, (A EAA A
2

4 ZEe5iThHe

AR SCH 2007 A GRYITT {5 G i A ot LATS Jedoll o BEFExt 4, 2 il iR K |
JRE SN A 4015 A b BRSSO s A 23 R AR . WFFE B, BRYING e
W RZ AT 2 XA R X, I HAT B A SE Tl i Sh R L A e s[RI, T8k
15 Al BA WL A FE IR T SN I oA A5 5 . et R BRBEANEE (B i I
s Refmlbzs a3 A1, RIINPEK S AR S 5 YAl e il i M S0 A1, DA
XX 55 BT BTG deAl, BKI5 3™ E Al 3 2 R B i
T REBAR AN 73 A15 , JEHIE I T 5 FHnTie, DLATS D 82 R AL R B IX PN 9 PR 053 6 A1
Peo WEFEGE R, T ERE AR LA S X 210 BRI 480 5K, AR T S RSt xof
HNGEARMP SF IS, BRI T Al 5 3 5 Tl S BERAX L0 A1 B RFAE T AT A, [
PRIESEY 5 P AL PR 5 25, 15 B HEROBOR A9 Al U S i S8l AR AL . Aolk )
P gEmt ) ST Qe dlk as ) oAk Rt B S VIR AR o A B T5 Bl A7 FEHER R
(EHERCR BE R AR A, B 2B I 8] A8 il 7 BORF B2 BOR I, 3075 BURFTARA RS
Al YRS R LAARAS B 2 RO WP B0l . BOR BBV QL AL A5 1 s 2 0I5 Qe Heilcs
PRULLHE /N IR AS , TR 15 YAl 2S00 A . R, AL TR Gescim A4 A5 X
PLEER, FREAMRME R IR S ] A SRTIT,  DASBOA AR A4 75 Yl 1Rt S
AHITF XIS 5 R A
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IR T 2 5 e e B PR =2 8] (o JE i S B T Hp 2 R R i B il i R e R 3
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19U HOINAY B, (A28 S IR A T6 BN , Rl QR 51 2 ay ko b e, Ik,
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TR IR M S (RS54, 3k DAy e U T A i 2 T ML S A PR RO, Rl L
S LA Bz e BRAIES T 2855 BRI e A Jie BAT — € W9 08 o E, ASCEBIRET SR
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Environmental externalities and the location of polluting firm
in intra—city: A case study of Shenzhen, China

ZHOU Yi**, HE Canfei*?, WANG Rui’, WANG lJieyu*

(1. College of Urban and Environmental Sciences, Peking University, Beijing 100871, China; 2. Peking University-Lincoln
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Abstract: With the rapid development of urban economy, China's urban environmental
quality has become a global concern. Based on the data from the 2007 survey of pollution
sources in Shenzhen, this paper explored the role played by environmental externalities in the
intra-city space distribution of polluting enterprises. We found that polluting enterprises were
located close to regions with lower environmental costs. Water and solid polluting enterprises
were located significantly close to the city boundary but away from Hong Kong and
Shenzhen Special Economic Zone so that they would not contaminate the central city and
expand the negative environmental externalities to adjacent cities. Different polluting
enterprises have significantly different space distribution characteristics. Water polluting
enterprises were likely to be located near outflow rivers, which pollutes the cross-border river
basins even more severely. Polluting enterprises were not likely to be located close to the
transportation infrastructures because of the environmental costs. Ownership and operation
time of enterprises have impact on pollution abatement to a certain extent. Therefore, the
adjustment of the industrial layout in the transitional economy should take into account the
integrity of the regional environment so that cross-border rivers would not become victims of
negative externalities. This study sheds light not only on the policies of industrial structure
adjustment but also on the location theory, which enlightens coordinated development of
urban economy and environment.

Key words: environmental externality; spatial distribution; polluting enterprises; Shenzhen



