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Research on measurement and decomposition of

environmental TFP of China’s pig industry:
Based on SFA-malmquist method

LI Xin-rui, QI Zhen-hong™ , CAO Li-hong
(College of Economics and Management /Hubei Rural Development Research Center,

Huazhong Agricultural University, Wuhan 430070, China)

Abstract To master the economic growth of pig industry under environmental constraints in various regions of China,
the Stochastic Frontier Analysis (SFA) and Malmquist Index method were applied in this study to measure the changes
of technical efficiency and environmental TFP since the new century, and carbon emissions of pig industry were
introduced into the production efficiency model. The results show that, other capital input, labor input, feed input, piglet
input and carbon emissions of pig industry had significant impact on pig production;During sub- period and the entire
sample period, technical efficiency of central, eastern and western regions decreased successively, and the gap of
corresponding technical efficiency level showed a trend of constantly widening; During 2001—2012, average
environmental TFP of pig industry in 26 provinces were less than 1 except Tibet, Qinghai, Ningxia and Hainan; During
2006—2012,the average decline rate of the central. eastern, western regions showed a gradually decreasing pattern;
During 2001—2012,China’s pig production had widespread technical setbacks.

Key words pig Industry; technical efficiency; environmental TFP; Stochastic Frontier Analysis (SFA); Malmquist
Index

FEREL TR FE POl & R A A=, 20 i 54 936.7 Tk BN R 4 184.5 1 L AEREFRTEIN
2 Uk R E AR A S AW R S . 2001 AR AR R BTEEN 2 109, 29 /27T, 3 2012 SEAEB B E &

Wik B . 2015-03-09

HEWH . ERARBREEEIINE (41171436) ; B R4 &R 434 F KW H (14AZD002)

B—EHE . FE LR A E-mail : ameryleel 2@163. com

WHER . SFIRZE B AT EEMNFEROLT RORLSZOEHIR E-mail: qizhh@mail. hzau. edu. cn



%4l

RS REFH VAR 2ER A =RNE S 5@t — 3T SFA-Malmquist J 7 273

F 69 789.5 J1 3k HERT R 5 342. 7 1t MR TE
(7= R 12 869. 4 42 6™ o5 Holk i 7 {H
47.5% SR E POl 2 P K i H ORI, B H AT
T FR A B A AT Ak T R Y R SR B B AR
FEEAA TS Y a8 H g5 58, AR kB rh o A R
I BE(CHO) AL T AL (N, O) 255 3 LT 1t
CH, AU ZE WA S T 6. 82 t brifE C.1 t NoO B
T RN A 2T 81, 27 ¢ bR C AN SE J IR EE i Bt
B B L IF FLR ma A 0 A P s R kL 7
Xof FR Rl 28 U 1 K ) R AT B 5 VA B B 7R 4
2 LB AR A 7T R B PR BT FE L SR R BRI AR XS 3R
H Ml A 7 8RR T e B 5 A Ml 28 O Kk R A bR
Eial

UEAE R FR Al g Mt & e 8 22 51 [ P A Ak
Z2E BN IR A T K AL G TE . IR LA
R FECA 1Y SCHR T, 56 F 30080l 28 72 8501 4y
Br BB T RORROR 4l RBCR RSCR L K
S BLF A PR WA AR E T A R R K
A O e A P I B AR BCRAE B m  (HH AR0%
AR L A BEE A 7 A 0 1 RN 5 BRI
003 ok %o R [ AN ) X 2R R SR P R R R
G R IR A0 AR 7 00 B R KO 2 ) 24 A R
11 S5 P 2 F R RO A B AR AKOF T B IR
A 7R R AR 3R Y R D i Bl e AR 3 T
2005—2012 4F M ge TH s I B i T R R AR g 32
DX AN [7) 35 B R ASE 11 4 3 38 A 7= o I HL Ay ik 46 b OF
NG RS [] 2 A2 BE AT T 40 A 4 B, Ma S50
Xof [ A A 7 R B AT SR A A N O AR
b A AR HE A S A b Y GRDRM AR TR R ER Y
B A A TR ZAE R E R 5 Nigel 51
D) 308 o %o 3 A A B K A T e B D T AR
LR PEARAE 19922004 AEFHE KT 109, 1%,
Fi AR A FRRAR 53R (1 B AR 2 4 B B A PR R K Y
FEF R . MWFTE Ok LR E L T AR PR ROR 19
IT, KISy RN & DEA J7 i, i 2210 % ]
DEA J5 it & [ A= 4 A 7= 0% Je e i AT T X
Il 25 S RVRRASE B s ke Bl el 25T i2 ) DEA ik L
BT T AS TR ) 2 B 1) A 0 A 7R R s R
iz =W Bt DEA 5 Bootstrapped-DEA #& B A 4%
A1 O TR 3R B SR A PR AORSEATINGE . {H DEA
T3 R I 5 5% 2 R AR 3 R 0 BURR, O HL R 25

Az 1) Al 15 04 AR B AR ) T i R 8 RS K 3 AR
TRAE L Ry 3 43 24 3 0k H SFA J7 5% 32 48 1
A PR AR e A B R A AR AT T I B A0 Y 2
SR B BT R A0 SFA 5 1k X 3% [E 4R 5 A e 4
K R H e sh ¥E4T T BF9E: £ A %0 58 J] SFA )5
I T 3R AR R X B R BCR IR TR
AT RCR B X 2% 5 S A B AR A
SR LA L 33 S0 HF 53 K #2185 HE 3R ol 22 5 1
K AT R X PR P A B KT AR R L AT .
W JUAE A /A B0 T 78 28 0B PR 58 R & A 0 T
T SRR M A 7RO S AR A e R AT W R
SCHR o 2 A Bl ot 2 ) SR AN AR IR H T ) DEA 5
S B HE B2 R I A R 3R B M AR 7 Ak R I AT
T

YT L AR B LA 2 A 5 T N R R A AR w%
RRAEBERAE RO R HTHE . D 2% SFA
HEHR T 90 A B 58 IR 2808 4 11 4347 T 61 37 0 ol 28 3 446
KRB 5 2) % Malmquist $§ 50F1 SFA M 45 &, XT3
FE] X358 5% 0 Ml R 57 4> 2 3R A 7 o O H A5 A AT
WF5E. H4E 2001—2012 4EFRE 30 N T AR A ™
(4 A 5 7 L TETAR B, o 4% b X 1 R 80 R IR
BE AR A 7 A Ly A AT R L 43 B, BN A
YR b T 45 3t DX % Al 2 3 KOIR I B HE R U
B 7E R M S BUR 1 il R S %
1 MRAEERE
1.1 SFA-Malmquist &£

Malmquist $8 8058 732 W H T A2 77 80 1 il
i, Malmquist 422 2 A2 77 R 35 50nT DLy i o B R
&L I | B NI P 2o AN o i 73 e St |
iz 2 7 ik D 55 BE 5 oA RO X Malmquist A2 7
RIGHIEAT 43 1%, BEAL T & 20 BT (SFA) I 2 2 80k
B — b T A e O 2B B ML RV A 7 R R
HA R RGF D ME st ey s, g il
75 LR 1% T A T AR 2R R AR S L TN AT A ol
AR SEPR . P AS BT AE T B R 0 Ol A AR
B >R FH a0 R I8 X 104 8 s X K Bl AL i v A 7 RR R
lny, = B + 2 Bulna + % SY S8y Inadna, +

=1 j=1

N
S Butln + it + %M t v —
n=1

O AARBHIE AT E T AT R A RO B R,



274 R R k% R

2015 4E 45 20 %

Hr, v N0, ) 3 NT (s 0D 5

e = 2030 = exp(zA);d, = exp(z0) (1)
AP v JRE i NENE cFENrEH G=1,2,,1;
t=1,2, D) 2 SRR i DB 4
B BABERE AR AER EANR B
SRR THRA LAFESA PUHE A F,
Hofh B AN K MR B HE B C' 5 B A (ns
J=1:2,,5) 5t RN FAR AR ALY B (8] e 355 BN 1F
fEH RIS EE; v TR i NEBAES (4
Ak R p P AR B BE HIL IR 2 e RN AR R R ALK
B IR TES A, AR B HLAS & R H
v M SE AN AH O 5 2 B T 4% A 0 A 7 JC R R A AR S
50 N R JCRCR Oy B W A0 A AR AR R A4S T
1B 5 0 R A 7= TR R I )7 22 7 B R B TR A 1A .
Coy— ) J2& A R 22 31, Aigner 2507058 3 X A
WEBMIES. G d=d+d.v=d/7, I H v
R COL 1) oA, y B 1, R E R AR R 2 1R
R EEM U, IS G s 1 SFA 5 kit
3T,

TEX (D ZEEARNG T I KA SRS 7
12T LUR 72 A= 77 28023 oR B () 2 808 [F] B A5 B4
BHHAENEARYCEME L DAL « F iy
A E LR,

TE, = exp(— u;),0 <exp(— p) <1 (2)

Mt 1 B BRI ()
i £ -

TECH!*"!' = TE. ../TE, (3)

Fe RS AS AR AT LA ARGy ¢ F e+ 1 3 4K
DR IR = N E 9 i S DO T RV N B [
ARGy ¢+ 1 BB AR 3E 25 48 B0 R HI X Bk = i &
AR 5 AL R

ekl 1 dlny; alnyi-rkl}
TPCH!! = exp| | =52 + T | w

Z L R IR AT R AR AT LIRIR N
TFP = TECH X TPCH (5)

1.2 FELERAERNE %
T 5 W56 S 4L 215 I 1 A A0l B HE L ) AR
AN R BRI ) R B B I T A A

AN R R SR HE R 18 %6, A R 1
CH, M N,O, K CH, HEjk %5k A 45 & #0190
B W, B S K e CHL R N, O i
AR SRR R O R = R HE O B R IE L
B WO R = SARHEY 13 %, R AR BIF S 5
P B HE T IR 77 RSB R ok 43 B 3 3R
M ZBE R . X IR0 M e HE OB S A OGS
THGERF AR LA L B ARG AT
5 8 Ml B HE 3 2 R IR A 0 3 R A Y
CH, A H™ A/ CH, F1 N, O, i T L4 A
O3 BT AR AR 3 5 800 58— W 55 bR e CL Bt
BHA N1t CH =6.818 2t C,1 t N,O=81.272 7 t
C. HE it ¥ 2 352 58 B HE O B A R
E = 6.8182Elcy, + 6. 8182 E2¢y, +
81.2727Ex,0 (6)
X E KRR 37 5 M Bk HE R &5 Elen,  E2cn, #l
Ex, 053901375 A2 6 W 3 18 7 AR 1 CHL B HE &
FEEEH = A CH, Bk HERCE A1 N, O B HE ik &=
25 B HE AL 347 A0 A IO HE T R BT LA AR A AT X i 5
M 3Emh AR,

2 HESEE

LLAE 153 B804 Ry 0 B 1 40 A 40 BF 5 D ) 0 45 4k
B ] FRASE , R 2001—2012 4E i [E KKl 30 M
T 12 4500 35 58 BRI 7= A8 5500, b B R AE
B EL AR T Dy s RO O A B AR B SR LG
HEPU A HEAT 53 BT 3R A T — AN 8 K T Al
R AR LA T RB S S iR T4 LUk 4 [ R A
T FRHE M 1 28 05 B AR . AH DG AR it 1 SE Al Bl =
TR D7 AP AR A e T AR S I AR
SNV H A T AR WA 2 BRI G ) i) A
B £ AR A A P R fR BT

Fe AR y ({4 T8) F A Oy L 2001 4F Sy 3 1A
M FR L S B B = R . AAE /SR 5 Fl, 4y
B THA LAFHEHRA PR A FOH A%
AN K FARER IR AW 235 Ak HE L ¢,
T T A LUZTO) 55 F4F A2 503 LU A % 58 5 or
N TEAS  EE ARG R F T3 o FUR T2 s A7 0

O Mmili R RE AR CHy AT B A8 CHy 1 N2 O B HER R B0 5000 1.3, 5 F110. 53 kg/3k « 4F, i T AR AL ARTE L SRR 4F 03
BT, R A S5 B4 1 éiﬁfﬁf’&]’fﬁl?“%ﬁi&ﬁiﬁﬁd)ﬂ%ﬁ&ﬁ:N:DayfaliveX%vﬁﬂP N 7R VA A5 Y A2 4 4F 5 1 97 4, Day_alive 3

IR A T R 200 d, MORARAE R AR i



%4l

RS REFH VAR 2ER A =RNE S 5@t — 3T SFA-Malmquist J 7 275

Be A PULTE) %5 T4 RS BOR LLRE A% B B A1 45 1t
Hrs TR FUZTT) 5 F4F R 5o DL R 5 0
7 Sk 2 3 A R A 2 L R DR 3% R
T RN T %% Hoh BE AR B K2 J0) 45 F4F H R4 8k
e L) B A B B LA AR L EEAL AR K 5 AR
sh 1 2% BEYT B B SR TR A R R S5 B LT
BEFEYT I AN (] 2 A A R A i OO O A
WFFE I AR A 7, T E AT R R BERH. HAi# R
SRR 5T B R X AT b B AR RCR 2 R A
RIS EZA 2 o 3 — e i iR

BEIHAE B9 T5 G M HE AR O AR 0 B L S B
G PR BT Y — R s R B T
FERTS eI HERCPE D9 R SRR A R 5] A A 7
BREC S RIS SR AR R A BT O TR TS
P HECAE g B N B R AT A B

3 HEBMGIHTEERSW

3.1 MEWNBIEERMEITER
#1387 R Frontierd. 1 3144 HE17 4% KA
IRAG A5 H Y BE AL T A 7 R B S B S5

R BEHLATIA 47 E ORI R AR 1 11 2 R

Table 1 Maximum likelihood estimation results of stochastic frontier production function model

f L RETY 2 5L fif R o R
Explanatory Model ' Hﬁ% Explanatory Model ! Hﬁ%ﬁ
variable coefficients o variable coefficients ratio
# % Constant 49,238 0™ 9.444 2 0.5InF* —18.757 5™ —2.208 8
InL 23.130 1™ 2.375 4 0.5InFInK —39.479 5™ —3.143 7
InP —19.844 0™ —1.653 4 0.5InFInC’ 1.828 6 0.567 5
InF —22.616 5™ —3.005 9 0. 5lnK* —22.884 8™ —2.400 7
InK 26.220 37 2.392 2 0. 5InKInC’ —7.654 9™ —2.6229
InC’ —6.228 2" —2.092 7 0.5InC" 1.395 87 5.643 7
0.5Inl? —12.434 6™ —2.456 1 tinL 2.205 1™ 6.316 6
0.5InLInP —53.400 4™ —6.577 8 tlnP 0.432 8 1.049 8
0.5InLInF 15.443 9 1.019 5 tinF 0.966 4™ 1.913 5
0.5InLInK 61.947 17 7.1250 tinK —3.500 7 —3.399 5
0.5InLInC’ 0.916 4 0.841 7 tInC' —0.160 4~ —1.581 14
0. 5InP* —19.722 8™ —8.340 9 t —1.914 8" —1.598 1
0.5InPInF 61.002 6™ 4.295 5 0.5¢ —0.368 8 —3.7197
0.5InPInK 30.195 0™ 2.186 1 o 0.679 47 2.575 9
0.5InPInC’ 1.565 2" 2.3235 Y 0.974 4™ 92.626 6
XA SR R 1 154. 909 2

Log likelihood function

B i SR PR L

LR test of the one-sided error

199.622 3

ey e oo AR BIFRAEHAE 0.1,0. 05,0, 01 AM{EKFTF BEAR K O,

Note: * , ¥% , *x* means the estimation is not significantly 0 at the confidence level of 0. 1,0. 05,0. 01, respectively.
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Table 2 Sub-period regional technical efficiency of China’s pig industry under carbon emission
HAR R
it 1] Gt Technical efficiency

Period Statistic 5 o P N
Eastern Central Western National
2001—2004 S {H 0.846 6 0.924 1 0.830 7 0.8719
EAEE 0.0217 0.0111 0.019 5 0.016 9
2005—2008 SEH{E 0.812 2 0.903 7 0. 806 2 0.846 7
5 R AL 0.024 9 0.012 2 0.015 5 0.015 9
2009—2012 Y {E 0.7718 0.874 8 0.750 5 0.807 2
5 R AL 0.035 3 0. 022 4 0.039 0 0.030 5
2001—2012 S {H 0.809 6 0. 900 6 0.795 1 0.841 5
A R 0.139 1 0.082 5 0.152 8 0.115 8

T 2 MG 12 MR 07 1% R i P S E DU AR 4548 T 2001 AR AR 004 SEBR 8 P 7™ (8 o 2% DS 3R PR 57 (6D ) 003 251 A AT 208 4 A

S35 di S K A% 23 I TR A A IS 3 ELEEA T LA 345 0

Note: According to literature [ 12] method, the average values in the table are weighted average taking the proportion of all provinces’ and

cities” 2001 constant price real pork total output value to the regional pork total output value as the weight, finally calculate the

geometric mean of yearly weighted average value in each period.

O AR MH XA AL R R AL LT VTR WL AR LR AR AR 11 A DX R X AL A 1L 0y L AR BRI BT
PO TR AL A R 8 A DX YR DGR P L A S U LSRN 2 BBV HOR I TR TSR R P 11 A X S T R T A

P B A AR R BR 7E 2 T Y [ 2 5
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Fig. 1 Average environmental TFP of pig industry in each province during 2002—2012
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Table 3 Average environmental TFP index of nationalpig industry and its decomposition during 2002—2012

0y . B} A . .

Vear TECH TPCH TFP Vear TECH TPCH TFP
2002 0.979 9 1. 969 8 1.930 2 2008 0.970 3 0.787 8 0.764 4
2003 0.978 5 1.783 7 1.745 5 2009 0.968 3 0.664 3 0.643 3
2004 0.977 1 1.930 0 1.885 8 2010 0.966 2 0.531 4 0.621 6
2005 0.975 6 1.462 9 1.427 1 2011 0.964 0 0.566 7 0.546 3
2006 0.973 9 0.870 0 0.847 3 2012 0.961 6 0.727 3 0.699 3
2007 0.972 2 0.733 4 0.713 0 -1 0.971 6 0.971 3 0.943 7

{E: TECH, TPCH #-F I HULTF M {H 578 . TFP §9-F 4 2 TECH 5 TPCH ¥4 Ay .
Note: Average values of TECH.TPCH are geometric mean value.and the mean value of TFP is the product of the average value of TECH

and TPCH.

x4 HEFBUIINPRREFREEERETXRESHE

Table 4 Sub period and regional environmental TFP of pig industry and its decomposition

YRR
Lk btk Total factor performance
Period Region
TECH TPCH TFP
2002—2004 R 0.980 8 1.860 5 1.824 9
LR 0.992 3 1.817 3 1.825 2
[l 0.966 3 1.983 5 1.916 6
e 0.978 5 1.892 8 1.852 1
2005—2008 IR 0.975 9 0.913 7 0.8921
g 0.990 4 0.890 1 0.890 7
[l 0.957 7 0.965 8 0.925 6
£ 0.973 0 0.926 0 0.901 4
2009—2012 KB 0.968 8 0.610 5 0.591 5
g 0.987 5 0.591 3 0.589 4
itRH 0.945 3 0.644 9 0.609 6
4 [ 0.965 0 0.617 6 0.596 0
2002—2012 IR 0.974 6 0.958 0 0.933 8
g 0.989 9 0.932 0 0.932 2
LY 0.955 5 1.014 7 0.969 8
o 0.971 6 0.971 2 0.943 8

T 3 P T B 35 4 X 348 1l ket 1o Bt AR 7 18 B 0 S A L A Tk R 3 2,
Note: All values in the table are average values of indexes for regional provinces in each corresponding period, and the

calculation method is the same as in table 2.
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Table 5 Average growth rate of output and input and average elasticity of each input element

IR % 7 R R R

7
R GDP Average growth rate Output elasticity coefficient
Year

L P F K c L P F K (ol

2002 0.0366 —0.0601 —0.0556 —0.0193 —0.0554 0.0318 6.5939 —15.7426 —52.7628 3.1226 0.423 6
2004 1.036 9 0.193 3 0.554 3 0.248 3 0.156 7 0.0253 —0.5830 —21.9380 —43.9753 3.9172 0.578 6
2006 0.020 1 0.0596 —0.2316 0.061 4 0.0752 0.0253 10.277 —17.934 4 —52.418 8 —4.600 9 0.288 4
2008 0.035 4 0.141 6 0.564 0 0.274 6 0.0579 0.0798 —7.3589 —28.0852 —29.3848 —3.5657 0.492 9
2010—0.176 9 0.2229 —0.094 5 0.112 9 0.0695 0.0333 10.2408 —19.896 0 —46.184 2—14.3286 —0.1206
2012 0.386 3 0.358 9 0.085 7 0.137 2 0.0569 0.0547 —1.9028 —37.1584 —31.584 9 —3.4787 0.061 6
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