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TARTHES P A 52 T A%, 7 AR P(a) S 2
DI a4 m. (1T)H#FAR A habE  BaR x =«
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Yy 5 AR AE P () AT SEBLIAE f 30
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(o) (T # y' <y, WDo(x,y ,bsg,,—g) =Dolx,y,b;
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B AR AR 5 A 22 T S COD(by) (T H AR
s IR BODs(b,) M IFY) SS(by) HER A 1™ i
FEbR 9 T BB 1E (y,) , BATEAR A TR (x)) 57 3D
T3 (25) JFAE (y) FIBE IR HE A (x4) o

Tl 58 B T E AT A H LA 2007 4F L
b ity T A% 18 B D A R 2 Ge iR
BERYBR &, 5T o0 e 2645 AR B R TS 6
FLARAR BRANTR (435 45 ,2015) 1902, (1) BEA A
KT H MERERE AR Al B A R A i H MR
AE 7 B e 1 2 1 W oMb 8 A2 7= BB ) BB — E R
R Al I R AR AE L, (2)973h 14
A R HTE LR R 57 3 g AR 6 I LA S5
BrbE e RS —4F (365 K) MY LUAA A 4l o 2
AR A, B RN O AR 11 H B4R S
H VBRI S BR Al FAS 58 il i A= 7 | gk A
b= i A P BRSO K i R A
bR B S e SR Al 55 3 B T, (3)
BRI A AR Al 1) SE PR R (4) BEIRAR A
8 H RERE Al (AR LR G R TE A = Gt
Aab P IR 7 A A AR 7 AR G N S B T AR 11 4
AE Y552 ) 2 A 5 o Bn R B SR B e R AR A
e

R TG T 2 5 R0 A X AR A Ml R R 5
i), AR SCIEE S ML A6 AR, BV ] 45 2K (regulation
index,RI) FI757K$5 %L (water conservation index,
Cl), MLl % R JEFE 4 05) COD . BODs A1 SS /Y
S5 o HE M B 5 SR S0 R A e v BE 1 E A7)
LT 24, B2 R
COD;, BOD, S5, )1/3
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RI=(CoD, BOD,. S8

(6)

Wi HETBCR T e P ol B R v, UL 8 RO
HUR A R BOR B 20 AR AR T E 2006 AR
HEMObR I S 2013 45 ) V9 A b 75 b i, AT 43 0 45 )
PR AN () 56 85 B ) 5 25, B RIL, A1 RIL

WIKFR L CL 2 SN K HEiC R 5 5 2 R %
A EGAE , K HE BORIG , BB Al 15 7K B g iR sk
P A A8 S PR ST AR IR 1 R

7 PG 2 v [ B 1 327 X, LR A R R R 1 709% LA B T EDREET Y 609 A L BRI AV B ol S BIF ST S E

A —E ML B

@K 2011 4F 1 A IFIA | E GGE T e SERERT A Tlle A 77 250K e e e ) B2 7 vk DR < Tl th T AR I8 0 BORR Sy = Tl 277 35 1 T A
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x®1 TESITHK
A b LN ¥iH i 22 e /ME e KAE
Tk A A Jiot 41 535.23 33 323.32 376.35 199 812.30
H M e i/ H 7 465.23 4 826.39 500.00 24 000.00
S PR R TR o T3 74.89 55.89 1.66 302.30
JFT %R % 30.52 7.62 8.49 58.63
FESE J7 i 3.56 2.68 0.12 16.05
COD HEji i il 67.94 151.31 0.00 1 447.41
BOD; HE it = i 44.68 197.39 0.00 2 706.64
SS HE il &= iy 34.21 108.68 0.00 1 667.00
COD ¥ ¥ 2 58 /Tt 135.34 436.73 0.00 5 625.00
BOD; ¥ & 25/ FE 55.26 208.69 0.00 3 200.00
SS Ve i 25 /Tt 88.14 660.01 0.00 14 000.00
J K HE A J3 i 76.19 126.15 0.17 1 412.99
EREFIHFE % 92.83 9.28 27.90 100.00
SR 5 E0(RL,) — 1.03 4.61 0.00 87.59
SR 98 2K (RIL) — 1.51 6.75 0.00 128.06
TIKFEEL(CD) — 1.14 1.43 0.00 10.00

TE 21 P A B 3 b e A b B T A RO FE b T A B (AN TS e

7o | SEHE 25 R

X 2007/2008—2012/2013 #& Z= 4 474 44T
A A B HEA T RS A AL L | SR R M R R
B (X (4)) X5 J7 ] P 7 BB S pR R AT 2 BUAG
IR IR 2 PR, S5 SEUGTHEE R X ik
J5 ) P S R B0 P SR TR

T, R B S AR R O

PESAM R AL, T (v,b) € P(x) 5 FDyo(x,y,

bil,~1)=0, FIE y>0 BB T Do(x,y,0;
1, - 1) BB AR 3, A5 Do (x,y,051,~1)<0,
T4 (y,0) ¢ P(x), VKR % 8 MR | B A
Y R A W T R
Zoik K i, 24 KA BE A L% AU E 474 B
A EAT 317 A REAR M T A OCHEE I
66.88%

K B (4) T ST )~SPE (), 12
A6 ANREAR AU A (T ), BT A REAR 90 2 45 1

F2 ZRBFEMEEBRIABOSHMEITE

R A IR B3 A fli Tt
oy B 0.957 Y 172%b,*b, -0.006
Bi X -0.204 Vi 172%b *b, -0.001
B xz 0222 i 1/2%b,%b, ~0.006
B X3 -0.100 YV 1/2%b,%b, —-0.005
B X4 -0.446 Va3 1/2%b,*bs 0.001
o ¥ -0.054 Vi1 1/2%b3%b, -0.001
" b, 0.607 Ya 1/2%b b, 0.001
Y2 bz 0.268 V33 1/2*1)3*[)3 -0.003
Vs bs 0.071 5, ¥y -3.88E-03
Bu 1/2%x,%x, -0.222 5, ¥y -1.61E-09
B 1/2%x,*x, 0.453 5, 23¥y -1.35E-09
B 1/2%x,%x5 -0.052 8y x4y, -7.01E-10
B 1/2%x*x4 0.117 M %, -1.93E-03
Ba 1/2%x,%x, 0.453 N2 x,%b, 1.92E-03
Bo 1/2%x%x, ~0.503 . b, ~3.87F-03
Bas 1/2%x%x, 0323 Tt b, ~1.18E~09
Bz4 1/2*962*.764 -0.051 N2 xZ*bg -4.87E-11
Ba 1/2%x5%x, -0.052 N3 x,%bs -3.81E-10
Bz 1/2%x5%x, 0.323 N3 x7%b, -1.28E-09
Bss 1/2%x5%x, 0.377 s x5, ~1.80E-10
Bu 1/2%x,%x, 0.352 s X5y 1.11E-10
Bai 1/2%x,%x, 0.117 N 4%, -5.96E-10
B 1/2%x,*x, -0.051 Na x4%by -242E-11
Bas 1/2%x s 0352 s b, _8.13E~11
Bu 1/2%x s, 0.029 o Vb, ~0.029
an 12%y 5y, ~0.041 1 Vi*b, ~0.009
Yii 1/2%b*b, -0.022 M3 ¥1*bs -0.003
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(ID), Rl 40 (I ) I FEA 53 504 0 A (fb24 75
A COD) 9 1~ (H H AT A & BODs) F1 0 1> (A&
TEY SS) o S BR AN 2 S REAS 5 | Wil 2 BT A 45
HIFEA LT 450 A M RAEAR 1) 96.84% , Z WS
B TEas R BT R 38 N

(—)FEARIER=E

e 3 R A5 MR A b i B R AR BRI K
Hor A i 0, 2007/2008—2012/2013 #E 25, il B4l
M H AR IR EE N 0.695, H SRR FREGEHE, X
BURE WAl ) SRR RN E (1,-1)
AW HE = O (LA R B S, 2007/2008 4 2 1) £
ARIAERCRE ] 2,117, 3 & & T HABB B, 78 R A

AL R P A —J& 2007 4F [ 5 30 PR B3R NI 46 52
RIENES € i NN T O R oa | A SES I A I N
JETT PR R A 2007 E T AR GE TS M 0TS e HE
OIS O 8T e DR HE B USSR
K, FEOLHE AR, A 2= Al 1 42
RAEREW 53 IEOLE , A 2008/2009 FEZ=LIE | K
BB 43 B Al i AR HERCRE AL T 0~0.5 Z (8], H
2% DX ] (4 L5 AN 2008/2009 5 ZE 11 65.82% 3 il %
2011/2012 # 2= 1) 93.42% ,2012/2013 HEEWEH T
B, 81.01% ; FeRAERCRAE R T 1 M Al Bt o
o RS N R e AN 2007/2008 5 ZE 1 54.05% 1%
% 2012/2013 %M 3.80% .,

R3 BEARFEREHERSH

(eSS D(x,y,b;1,-1)3H [0,0.5) [0.5,1) [1,4%)
2007/08 2.117 29.73 16.22 54.05
2008/09 0.716 65.82 13.92 20.25
2009/10 0.428 76.62 12.99 10.39
2010/11 0.327 89.19 5.41 5.41
2011/12 0.261 93.42 1.32 5.26
2012/13 0.318 81.01 15.19 3.80

2007/08—2012/13 0.695 72.77 10.89 16.34
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FEARAERLR (Te ) I M 25 5L
Te=-0.96+0.03R1, (RI,) +0.39CI+0.001Vintage-0.17¢
Xo=264.61(-0.11) (3.44") (11.01") (0.21) (-6.30"")
R*=0.40 (7)
K (7) H, FETAH 2 fH x e ek 0 RORTE
10% ,5%F1 19%/KF 1 3%

T i BOR T K 48 B0 R 8088 2O OE | & B
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AE i (CT AR ), Ak i R R AR S (Te 5
Ny, R (7) M EERARHE R I, 5 R 5L
A EE AR R W LS XEEE, B
2013 4% ) P b 7 R ORBRAE L 2006 4F B 5 PR b ifE
XoF 8 b 5 e HE T B SR Sy A E R X
A B EEARBOR M — AR, R R TR B
2007/2008—2012/2013 # 2 | — HAFE — L5 44 )
HE B s T TS Ye i HE o R AT T R
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PRI B AR AR RCR R AR R B H R
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Al R F AR AR R AR, A ROR X AE—E
FERE LSO TE T IRBE IR | BI ™ (14 2R 58 0 1 RE
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5K A8 T REAE FREAR Al 14 25 7 A | DT $ 18 A 7 4L
X5 Murty 55 (2006)! 1RFFE 45 R —20, Bl
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(Z)EFM1g
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(S)PTIF5 3 Flls Je W 1 F- 4 52 T s L AR SOk
FE T H0A% B Tl B B (AR S BB 7 i R AT DA
e P R HA% R 1, R4 G T 3 M3
HSF- 895 FAs {5 B, 15 Y52 T 0 4 B e 1) 2
U/ — B T Y W 1 HE T A T R B R (T
B BAE ) R R L 2007/2008—2012/2013 #E3= 1k
A (COD) T H ZAE LT A & (BODs) Al 74
(SS) W~V Y452 + A% 43 1l o 5.326 T o6/ 7.229
J7 J6/ME A 0.516 J1oc/mE, BY 8/ 1 1 COD ,BOD;
FISS A 1 Tl 85 BB A 2% 43 3l R 53 260 JG |
72 290 JGHI 5 160 JC;COD HIHE A & SS 19 10
52247, i BODs A 8CHE BAS B8

3 T e 0 0 B s HE BUAS AR 25 LR B
SR N RS/ AT ) W A A R N I B S AT
BOD; 44k B XE B2 fe R AR B 5SS A Ak AR A f
ZIN T2 1 R K HE OIS (4 LK, X BOD;
H1 COD Y b M W) 38 3 K F SS, MAEAHASKF |
BOD; 1) 321 b ekt HE BAS 52 35 2l vE T B ¥4 1l COD
1SS B PRI HE A 2 BT S X | T
AUt FILE TR 0 W DB HE ) AR AR RS I AL H 2B Ak

S Y RCHE R A AR AR SOR HIOWL B T
JZ T B T RS e R T A IR T R
SR T B S BRI HE AR

B AT o B Il 75 K HE TS 053 b o R 1 2
3 205 Y ) I AL ZE A FR AR (R 38 2 AR S iE Y
KIL 3PS Y D HE A AR A B 22 5
K GE— SRR fE IR & 3 O AR B 3 s g
WA B AR A AL, 3 s Yy S i (9 e 2% 4
& B AR T A SCRYRFFT 45 1Y B HETS 4% 5 4
V5 Gyl HE AR 2 A ASDE L | 35 T A 52 10 T 4
P S P8 AR RS RO B T B LT 15 e HE
JCEE 5y WA A6 ) 7 1V 52 5 T A

Sy X IOk AL X 3 RS Y B A AR
ey, FLUR R i S b DR L X (R 5)  dLE R
B3 FlTs YW 105 T bk 22 S A /b T v S L 1K1Y
EP N AR TS m S IX , E— Ay 2
GyATEE RT3 RS Y W R TS A A
(1 X 325 5 HLRE 0 i 1 22 57 2 SR B AE XSy
T DX 38 [ ) 22 ST K (R 6) .

(Z)RTFMHRHOZmMEE

R4 TTEECSLEHDEHETNE J3 ot/
e COD(q,) BODs(¢,) SS(q»)
2007/08 3.614 8.927 0.389
2008/09 5.856 7.917 0.398
2009/10 5.592 6.582 0.406
2010/11 5.505 6.264 0.624
2011/12 5.624 6.767 0.632
2012/13 5.764 6.919 0.645
2007/08—2012/13 5.326 7.229 0.516
x5 HRETLEYHEHEFNIE J3 ot/
X 5 FEA R COD BOD; SS
1635 135 5.991 7.817 0.679
ERRH 242 4.815 6.744 0.539
B 82 5.816 7.682 0.658

T AL ARG T @ T A TT MO T AR AR P AR S S 5T R T SR BT St T UM T AR N 1T T

PRBLEE B 3 s T M T AT AL T

R6 SRUSRBHFTESN
e S22 22V TT A 7 F P{E
2H [i] 142.5 2 71.3 15.45 0
COD AN 2103.7 456 4.6
Mt 22463 458 49
£H [H] 120.5 2 60.3 7.83 0.0005
BOD;s HA 3507.3 456 7.7
ST 3627.8 458 7.9
2 ) 2 2 1 15.83 0
SS HIN 28.8 456 0.06
Mt 30.8 458 0.07
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B (1 200 JC/ME)
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k=1,2,3 (8)
Forb g RIS MR k=1,2,3 20513 COD,
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ET RSB, 15 R TR SRR Y
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A R 45 4 (SOE) . ML (size) ., (¥
(location ) F17%5 Y ) BR555 BLHI FE AT (reg) .

Al Sz i 1] 5 2 (7) v R SCR ] B Al
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TE, XS 3 MOAS ] 75 G Y BR B ML A5 A 5 i SC Y
WA N[ i SCR 3 BT Y W HE v B2 1 LA S
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FL ) 45 BOB K, TR A BR5 BUR ) 20 dOBR R | e
Yy |36 BRERCAS B g DR O T R ) i R R e
i, BARMGHE R R 7 Fs

i o A T 3 Bl e 1A AR R
LA LA BT Al FASE RN AR s R £
Y 5 WU ARAT 10 A Ml B ST B[] R R FE X
L0 s DRHE A (9 52 R AN W

T X 3 iSO Wy 1 52 5 w5 e 34
FRIE , EWE S RE A7 FE A Al r
15 R Wl BRosl HE A S g MERESE R, X S E A
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Environmental Regulation, Technical Efficiency and Water Pollutants
Abatement Cost

—Evidence from China’s Sugar Industry
RU Lei, SI Wei
(College of Economics & Management, China Agricultural University, Beijing 100083, China)

Abstract: China’s sugar industry is suffering from stringent environmental regulations in a decade. This paper seeks to examine the
impact of environmental regulation on technical efficiency, and the abatement cost of water pollutants of China’s sugar industry, by
using parametric directional distance function as well as 79 sugar firms (plant level)from 2007/2008 to 2012/2013 crushing seasons.
The evidence shows that the technical efficiency of sugar industry has increased significantly considering the discharge of water
pollutants during the crushing seasons. Both weak and strong regulation indices influence technical efficiency positively and
significantly. The higher the water conservation index of sugar mills, the larger the technical efficiency. The average abatement costs
(shadow price)of COD,BOD and SS are 53 260Yuan/ton,72 290Yuan/ton and 5 160Yuan/ton respectively,which are distinctly
higher than the price of existing transferable permits. In addition, there are quite different abatement costs of three pollutants of sugar
industry in the northern,southern and central area of Guangxi Zhuang Autonomous Region. Therefore,the government should
implement inter—regional emission permits to reduce pollution control cost. Moreover, environmental regulation,scale operation and
ownership reform will also help reduce abatement cost of pollutants.
Key words: environmental regulation ;technical efficiency ;water pollutants ;shadow price ; sugar industry
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