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E AT REUAR A IE AR AR 7 b A SR BRI 2R DI RE , WICTE RIB AL AR 2GBTS BRI 7= AR RO 3 BIFSERE K
WA I , 43 SRR K BER R K B IR AR A 7 R BRI S | 5 AR A= 7 eR B, SR FIBEATL G I 75 v6 3 B 1 44 £
WA P AR ARCR I T HSE R 2R S5 R ARW] 1) 1985—2018 4E IRV A Y AL 7 MUK IR iR 5 b FHEa S AR A 7= B i AR
PR BEANWT I3 7 T FRUK AL R B % BROK i FeA5 e LSS ), R AR PE AN L TS e oG . 2) WRIEIIIN , B P 48 1
WA 77 A 2SR LA 2003 AR 73 B B USSR IS THEE B BRIV A 14 A 7 A 2SR Y U R ok OGS 0SB 5 U AR A AL AL
TSYEEECRAR L, 3) MR AR AR AR (9 DX P e 22 7 S Il DX ATl 2 1 22 1) Tl X, ol A M i 12 2,
BARMFE = AREICR OB ) AT R AN AL AL A 247t T L e Jim Al Az 7 J7 20 S BUVE W 2 7 AR S 0RAR TR 19 £ 2R
4) WHFIN  BRPEA VR A2 7 22 00 1 MRS 136 384 | 500 A1 1 3t 0ok 2 i B, 5 9 M 1T AR 0 AR AL SE AR XS N, LI, 5 08
A BRI H S B AR 45 R AN AN A 25t A e B e A 26 )™ 2B 2SR I A S8, i e 2 Al 7 M TR R AR
RS VE ) A 7 A SRR R TR ARAR B A

SRSREAA) K ALIE R A )™ 5 AR AR BEAL AT 2 )™ PR AL (SFA)

Assessing crop production eco-efficiency based on water footprints: The case of

Shaanxi Province
HUI Xing, CHEN Xiaonan, SONG Jianfeng "

College of Economics and Management, Northwest Agriculture and Forestry University, Yangling 712100, China

Abstract; Traditional production functions rarely consider the role of natural resources in crop production and the damage to
the environment caused by use of fertilizers and pesticides. This paper introduces green, blue, and grey water footprints
representing natural water resources, irrigation water resources and the impact of crop production on the environment, and
assesses crop production eco-efficiency and its influential factors in Shaanxi Province through the stochastic frontier
approach. The results showed that: 1) From 1985 to 2018, the crop production water footprint of Shaanxi Province
presented an upward trend and the water intensity per unit area was continuously enhanced. The water footprints per unit
area and the proportions of blue, green, and gray water were related to climate, planting structure, irrigation conditions and
crop production pollution. 2) During the research period, the eco-efficiency of crop production in Shaanxi Province
demonstrated a trend of decreasing first and then increasing, taking 2003 as a cut-off point. The ecological efficiency of crop
production in Shaanxi Province fluctuates in “U” shape, which corresponds to the changes of the government’s policy of

protecting cultivated land resources and agricultural pollution control. 3) Low eco-efficiency regions are concentrated in
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agricultural areas with backward production mode and industrial areas with poor agricultural conditions. The main reasons for
the low eco-efficiency of crop production lie in the poor quality of agricultural arable land, scarce irrigation water resources,
inefficient irrigation water, fertilizer and pesticide application, and backward mode of production. 4) During the study
period , crop production in Shaanxi Province experienced two stages, from increasing returns to scale to decreasing returns to
scale, basically corresponding to the change of cultivated land area. In the short term, adjusting the planting structure and
controlling fertilizers and pesticides applications are effective ways to improve the eco-efficiency of crop production.

However, the fundamental path is the upgrading of agricultural industry and technological innovation.

Key Words: water footprint; crop production; eco-efficiency; stochastic frontier approach (SFA)

HEDE KR E L IO R AR S RIPE T RGN B0, Aol A 7™ i 5 1 b SRk
S5 1SRRI AT 2, TRTIE Al Az 7 AR IE A 285 B0 6 PR BE 6 ) 3 o SR T A e (0 4l A 7 R B LK oy e
ZEUrAF C-D A= IR AR TG O 2R, A i 4E b 95 8h ) AL E 3 1 SRR F R A
SRGEIRIRI R e I A6 B PG 44 A L b 5 5 5T A s SR 4 7K G ] st AN 25 i B it FH AT | 4 245 38 B Y B 58
AN

BEAE KT IRAY H 4 A SR BRI 5 G AN, 76 A 2R BT U, X K R P —Roll A 7 oK B3 5T 46
A S TR Y ORI SE H 5 R KR I E S RN IE Y itk — R8I 1R By S R . TE MUK IS
B HERT | A8 %Ak 25 I U HE &, Hoekstra A1 Hung'?! P} Hoekstra I Chapagain®' & H 3 AW o€ 36 T 7K /2 i 2
W, KT (Water Footprint, iFK WE) $i8 A5 777 il FIr il 2 0 7K B LG, T8 23 7K W8 5 A0 SRR UL T4 1 PR 7
M AT AT A2 T B 43R T 0 15, AR A R 5 A SR SR VR TV T A REE K BRCA R K
SR 7 TS Y RS T8 PR K O R B 5 G ol HL A B K T o T B KRR R K PR TR K R
IR EE G I T AR AR 7 rh ) R AR S R8T IR ] S R R VR A e K B

(]IS | 4545 T 5 RN R B A 0 AR 2S8R S i B T 4P 2 R e ) E 8 T L | 32 3] )32 G TE I U - & 1k
Fo AEBBCRNE S e R i Schaltegger A1 Sturm ™ 48 | Ji5 28 1 5L AT 542 & 8 T3 BE 35 45 (World Business
Council for Sustainable Development, WBSCD) #ff]", &3 &1E5 K BA LI OECD ) ¥ A ARG ok« FI A=
ATEVEW RN SET R AR - = i IR 55 (B 5 PRS2 0 1 OB 38 . 1208 s i 452, I LA
HIFNIPAR A RO

H AT T AESBCR PN FZEA MR 7L, —FhJE OECD $2H 1 LUAET: , o) —Flo2 58 T30 SR RCR AN
Ik AL 53T (Data Envelopment Analysis, DEA) , BIIIAY A= 25803 A 32 25T 0 B 7 i 2 A 7 aod
PR, WCAEER 2 A PO MR i SCBEAE TR it 2 De M E N PR B 2, 2B 7 M PR EES i A EAE A AR 2 5 T, A
JEHAPEH (Life Cycle Assessment, LCA ) il H B R IC SO BEIRE 20 . DEA & —FhAES5nyais s, i& H
TLZHRAZL B4 = R o Kuosmanen Kortelainen " B YA A= SRR PEM W8 DEA ik, MW
K ZAG T AR i A7 LB —F8 b5 LU (B YL, DEA AT LA B2 G T 45 51, BT R TP 2R
BRI ET LS,

FLRSA SN A P2 A S ROR B SEUE ST, Reith Al Guidry ! (8 T HG AR 15 3 # 56 B R 6 — A T RS2 4Rl
ZEAIR(MSAC) IAEASBOR . Thanawong 251 fifi I HUAEI: FEASAR [RIE IR 25140 22 [ Z L35 Lam Sieo Yai Jidak
RERAEF= A A58, Maille 5558 5 1 M 2 25 RS0 00T P > Plenty VEBREAR 19 AT HE 2225 7=, Gomez-
Limon 551" LUK Picazo-Tadeo 55" $ H il A2 1] HE 25 pRASCHT DEA HEARPPAS 2 25 80% , I 107 - 74 9 A Al
Pt . Hoang Ml Alauddin' ™ ] DEA J7 50 HT2 A ALVE RO A 2%, Beltran-Esteve %11 25
£ LCA I DEA Jrik P FEHE A MG AR 0 A 25 300% . Rosano %511 (i FHT B AL 1 55 14 XL BEE 15 oA B30RTF 9 30
MR AE AR, Han 5507l TG 5 MR A AR A vh A48 PRAR ML A S 80% . Coluccia %5 fifi i DEA
T PN BRI A 28 R0R
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2438 R /NPREE ) R MR R AR 2 A5 Y i A VA 0 T A R K R R Al 2R 2 R G
FE 2003—2010 4EA O AE SRR, WFIIEELE ] DEA J7 i b [ 13 AR 3277 X 2000—2012 4E
A A 250, I8 F Malmquist 38507 - T8 A8 400, BEF 2% R FH M 45 DEA #8363k [ 2005—
2013 4 30 MR AT A= 75 R G CEHEA T BE . 75 DEA BEBUELRY [ —SeBFF0l 2 3 Ha K sl gl S (i 1 K
JEE = A R RS S A B SR SBM AR Al AR AR AT 2 BR T IR A A A
RORAN AR L2438 (BB BT HE0E— 2 W i Al A 2S8R IR 2, £5 CsK TUE 7% H DEA-Tobit
SRR T i WSS T E RO A R AR bR 22 A 2, AR B AR DEA s XA LR
Hi DX B O AT A SRR PPN RIS 1 R 28 4047

5 DEA 5408955 —Fh I T30 R BCRIEM ik, BEMLEG U /7 15 (Stochastic Frontier Approach, SFA) TE4%
S Rz N HER A T A SRCRIEAN . WTRERY R ITE T SFA 72X s EOY AT IE# iR,
[ Bt HATE T 2277 AR Song 45K R I8 51 A AR = BB, AT LA v Al T X — i, i SFA D7 ik B4l
FHSCARTRE, AR FEfE ] DEA J5 2P0 HRr & Al A= 38R i b A7 T 28 R b 21, 0 HOKs VR A 7=
TEACE TR N AR = | I R X A K SRk . 5 DEA J5ii—#E, SFA J7kAH Hb HU A 2 e HR L2813k
SRPPH S5 [ I 3hE G AR 3k v R 75 B2V R R 8 B i 7 76 19 B WA () B, SFA 5 I AE S — R S 800y
e, Howf e i A 7= RBUE S A EE DEA T3, o] AHERR BEMLIR 22 B9 5200, ZCRAG TR 52 ) B 28 43 B T A — 2552
B, 38 AT DAt — 20 40 B 45 B N EER BURCR AN sk SR LR AR 40T, AR SORZ 5 v 3R E iR Ak
TR IX BTG A I VE A A BTG 45 4% IX 35 1985—2018 4F T AEHE , W5 VE W A= P I 4 K L K R K R
B (43 SR FEAE M A 7 (00 FH A A K 0 R T S /K 0 DRV ER BB 520 ) 5 LA 77 R B, 1l SFA D7 3 VR 2 7
HEAROR (5 R IR B AR 2 A ED A T BRBOR ) o I WE5R R T 0T WF-SFA ik fe Aol AR S 808
TR b 8 1 FH B AL BRI A1, XE AR A = oK R 3, G R 255 55 EAC N RN AR 25 X0 K K R 3 4T T B M
BRI RIS (5 BE AL I 2 A5 R B S T — RS T 4% K 5 AR AR P2 ORI o0 X Bk ¢
TR FHRCR  BE R B8 IR A I RCR FEY A P AR 52 i, Sk AR SRR R I X T 5

1 BARTTEFEIEFRIR

1.1 W5k
1.1.1  FEYA: 7 /K o i 5
YEPI A 7= KO 3 A5 T4 K KR K R 308 22
WF = GWF + BWF + EWF (1)
Kb, WF REW A BRI m® ; GWE BWEF EWF 43 3IAAEY) A 7= G 2 308 5K R 38R K 238 m®
VED A 7= 23 K2 308 R 7K IS 30 F AN [R) AR A B Ao T R A 1) g 7k W 58 R K 98 R 442 FRUVE A0 oA T
BUImAC S 452,

GWF = Y GW, x 4,

(2)
BWF = Y BW, x 4,

Kb, 6w, Ky i VR AL T FRINFE I GK P IR m®/hm? s BW, 2 i VR4 2R AR A A 5 /K B8 U5, m®/hm?
A, R i AR IR, BRI ARV 4 45 IR R AR (/N iy oK (BB 28 KT A TRsE AEA:E
] H 28 R BiRE BB A/ NR BESEFURE ) A e MR (2% RAUR) A7k R il
S 7% SR E ORI IR AR BT i M SR T AR ARE (1 S K RN K B R a4 T S
GW = 10 X min(ET.,P,)
BW = 10 X max(0,ET. - P,)
K, ET, WVEWZE K785, mm; P, AVEWAE B AR KR, mm; 10 S B4 R 50, SR /K IR Ak

(3)
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BT AUK &

ET, HHRAKUT

ET =K, x ET, (4)

K, K, AVEMIRE ET, ASBAEWZE R 7T, mm  ET, {§i /] FAO #E7£1Y CropWat 8.0 2K {FH3155] 1%
AR S S 2 508, Fl A Penman-Monteith AT S 2BV 28 A28 &

VEVI A= B A S8R K b A 01 4% R A Rk o BINAS- 21, A Rk 3 P, ., TR SE IOl FB g £
R TR
_(P(4.17 = 0.02P) /4.17 P < 83

= (5)
41.7 + 0.1P P =83

Pe( dec)

K, P REYAE A FEKE , mm,

Ay A= 7= it FH A AL A 245 35 BRBIAE P R T 0350 5341 38 A AR R — 7338 3 4% A Ui 31 L 3 Fok
B S Y, AR A 745 15 Y T T 1 B RIR K i A VR A 7 RO R R

EWF = max{EW,} (6)
A EW, RS (RS R OK T, m?
5 YW IK 575 2K ] Hoekstra 254 Ay )7 bkt
P, X o,
EW, = 76,,““1. .. (7)
A, PSS i Bs R AR AU R 255 ke o N I RIS IMIIA R, % ; C,, A5 i TS5
WEE IR RABVFREE kg/m*; €, WA @ RS QI HARARIREE  kg/m’

My A7t IS i E S A A W B, o LR R A R AU . 25 S8R K 08 I A AR i
H7 U RIS B X IROK RS AR R 2 TS Y, BRI R 2 W BAE Y A PR IROK il . B
Mekonnen F1 Hoekstra ' FUBFSY , BUIE A IR i R LR 10% , K US-EPA (4R, A 8 & KA VPR E N
10mg/L, B35 FARK MY th AR B 0, S5 B W 55 I BIFSE , AT 2R 25 IR Ik 38 75% , B e K
FVPRIE N 10mg/ L B5 H AR KA i i 2R R 2 TR BE N 0,

1.1.2 AR A P A SRR T

SFA Aigner %[36] DI} Meeusen F1 Broeck ™" 2 i ,F 5 , Reifschneider 11 Stevenson>* .Kumbhakar %[39]
PAJ% Battese Fl Coelli " X BEALFT A 7= REOY 2R A HEA T T kil | S B R 0 SRS d . T REAL ) vk 1)
BIELAL . 5% Battese fl Coellim]*ﬁﬂﬂ:ﬁﬁ,Zlgi@jﬁﬂ?%m‘ﬁﬁm‘ifﬁ@ﬁ*ﬁﬂ:

Y, =f(X,) exp(v, —u,) =f(K,,L,,GWF, ,BWF, ,EWF,,T) exp(v, — u,)

u, =2,6 + o,
A, Y, NS A DEER ¢ AR RO I INMEL; K, TR IR E 3 140 5 L, o5 shae A Il
M N A2 T it [ AE ik, A8t (1 R S 25 106 A 7 it B 24 0 SRS 0 ARz ol PR R B It e > 25 1
WHIE B TAR AR AE P B AR 97 Sl R A AR RLRE A M A= 7 v 9 B IR A B PR 5% 1 25 JEAE T, R Ik
AR 7 AR AR A F

BIVEA 7 R f(O) FRATF PSR IA AR, v, - u, HEBRED, RZEW v, B THRAMEBAR
K RIBEHLGE T 7 | IR TFASEIE A3 N(0,07) |, u, R b H AR RACR IR E S8R 89 1E 55
i N(Z,8,07) o Z, FoHMBERMINE ; 8 RFHE BB  ; o, RARBEHLIRZEI, v, Fu, AEIS, HASE
TAEW A P 2 RS il T HORZCRFIBEHL R R ERA AT 00, (HR 5 5 Ho— A s | R Ve A
PRI AT R e B S BENL AT I B E 2 L, BRI

—_— E[f(K,,L,,GWF, ,BWF, EWF,,T)exp(v,_u,) ]
“ E[fK,,L,,GWF,,BWF, EWF,,T)exp(v, u,) | u, =0]

it—="1

(8)

=exp( — u,) (9)
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Krh, TE, AEMA AT E AR AESRCE, K, =08, TE, = 1, FREABCEBL R w, > 0,0
< TE, < 1, FRGWIMFEALL THERCERE  JERIRBER, TE, 8328 T 0,

ARSCHEFER Y R e oh R , AT 3 RS2 WA A A 7= A 1 8 B X 50 ( Translog ) 2 7= BREUVE by Bifi AL AT T A5
W) BT 2, 3 BOE A R B R

1
InY, =8, + Bj z f:l thjn * ?z /'6:1 z Za/ Bjk lann InX,;, +v, —u, (10)
LR A R SCR I FE R L
u, =6, +6,FS, +6,PG, +8,IS, +6,GS, + 85T (11)

K, FS REE—r= = b7 ey PG R AR 7= B E ; 1S /K R K G b T AR 5 Bk AR LB 6S AR A
Py L SRR T AR ], RSO B AU AR B (SR R S R R 5 A U TR SR AR AR R SE, [ B 4
N5 T T KRB R,

A (10) A1) PRRFI S B BRI HER SR 2], 4.

Y=
o, (12)
o, =0, +o,

Ay e T E AP Eh I b HOR TERITT G A H ] HEBUE A T 0 B 1 )l oy a] DA B R
Bif, Yy HET 1, o) BT 0 B, BEHIBENLRTI A= 7= pRA 1R 22 F 2k A T w |, RISERR ™ I 5 KT BE
7 6] B 22 R IR T EORAERCR SR BEHLRT I A= 7 R RO Y A 53
1.2 Bdlask i b b 2

A SCHEI 1985—2018 AFERI P4 25 DXl TR0 AR 50 A W 9 %) 42, 30 3 fin s 454k B VR ) R 22 55 bROR A 77 K 2
IEAT R BRPG4 25 DA A P ORI AR SR A = HE SRR . AR B AU 3l 1 Al ok A
H ARV RERN AR A& 2 GE RO AR T AR BN A ali i DA 7 GVl S — ™l 2R 7 Bl
KT K Bests B M T AR AR T Bk B (BRPESETHAF 48 ) (1986—2019 4F) | AR 3Kt >k [ BR PG 45 T P 4E4e i
ARUE RSB R A (VA N LA SRS . AR 38 I E AT A 34 42 7 BB B] 1985 AE AN Ag 58, 2 A5
19 H EeAR AR Fem R KGR AR | H RIS K R R IR T E AR R s
%5 ¥ (http : // cde.cma.gov.cn/home.do) o

2 ERAW

2.1 BREVGAVEYAE oK R i

1985—2018 4EBR VG & VEY) A= ;=K AR AL B AN 1 Bz . AT N B E & AE 9 AE 72 Bk R il 5 T
B N 170.66 12 m® 9K 3] 381.92 /2 m® , H4K T 2.24 £, [, B VS48 (O VEY) S Rh oA i AR L 22 18 1 1 A
4856. 27 T hm® ¥4 5] 5361.65 T hm* B4 1.10 £, U6RH PR VG 4 1E P A= 77 B Ar 1 AR 7K G B (K2 328 A )
AN

KR 0 et R AR A A v e T L ) K R R R R T AR S PR R K A, R T 1 AT N PR AR VR A oK R T 1
B BT POK R IR, UE I B PG A VR AR 7= R PR BT s e 2 PR s K R B, 1985 4F BRPE A 4% K
A4 R 103.47 42 m® 34.16 /2 m® F133.03 /2 m’, 5351 15 Eb 60.63% .20.02% F1 19.35% , TMii7E 2018 4,
2k W5 JRIK RIS 165.95 42 m® 62.05 12 m® F1 153.92 12 m*, 73 5115 L 43.45% . 16.25% F140.30% , %%
W JRIK R S AE A3 20350k 1.83% 2.47%F1 11.09% ,
2.2 BEPUEIEY A SRR
221 HIAKGL

i FHH A Frontier Version 4.1 XF=0(10) A1 11) #EATAG T LU 53 B2 P4 44 VR 2B = AR S R0R BB v 45748

http ; //www.ecologica.cn



8 Bl A TR R IR BRI A 7 A SRR A —— LABR Y 45 S 1] 3083

AR YEGET IR 1 BORLETTA R AR 2,

- R ok B wok B ok 6000
400
E
=
X —~
= 300 4000 4
= =
5 E <2
1R % X
% & =2
£ g g
H 5 200 § E
§ =} & §
2 2000 < 2
2 g
z S
2 100
o
2
O
0 0
o 0 (=3 N < \O o [=3 [a\] <t o 0 o (o] <+ O oo
0 0 D D D =3 N (=3 [ (=3 (=3 f=3 — — — — —
N N N N (=) N N f=3 (=3 (=3 (=3 [=3 (=3 (=3 f=3 (=3 (=3
— — — — — — — N N N N N N N N N N
44y Year
1 BREEEMEFTKRIEEES
Fig.1 Water footprint of crop production in Shaanxi Province
®1 EEHHERMEST
Table 1 Description and summary statistics for variables
A iy AR S brifE 2z R/ME SRVES RKAE
Variable Unit N Mean SD Min P50 Max
Y f¢.7t 361 8.09 6.58 0.21 6.81 35.63
T kW 361 125.73 108.21 4.91 97.06 588.16
L DN 361 87.96 49.76 1.84 86.08 223.21
GWF ¢ m3 361 13.06 6.67 0.15 13.46 37.24
BWF ¢ m3 361 5.56 5.33 0.12 3.9 23.28
EWF ¢ m3 361 9.52 9.21 0.18 6.89 50.77
FS % 361 20.46 12.86 3.1 17.09 54.94
PG Jo 361 2784.38 2529.69 278 1819.93 14213.19
IS % 361 36.52 25.31 3.02 39.32 100
GS % 361 80.54 8.84 47.45 81.92 95.32

Y AN INE ; K AN LRT75HA ; GWE &k R s BWE 7K 23 ; EWF JOK I 5 FS 58— M= E di s PS W AB ™
SME 5 1S SR GE I A BB AR L 51 5 GS SRR e VR T AR o SRR AR L 1)

mZe 2 Al y A HEN 0.7927, B KT 0,838 T 1, -4 1% 09 B /K T 456, i A79.27%
AIBEDLIR 222K A FAR RFCR T XA R ARG R, IR T T — R 50 A 55 DL 2 BEHLET T PR AU
TAE A DA SRR B ) sRBOE 2, 45 5 W36 3, 35 3 WoR Ir & £ X g 4, T A SC BEAIL AT I
Az R EOY SR G A R0
2.2.2  BEPUEED A A ORI

1985—2018 4B P44 25 X IRAE Y A= 7= A= B RCRT- 2B R 0.7477 (WL 2) | AFBR ] 435 2 AR ] 23 R w4
BB - 1985—2003 4F VB A = A R0k 8l T Bk, Dy s fie mi {ELAE 1985 41,k 0.8729, 7F 2003 4F- ik | 5 IR {H
0.6324 ; I J5 #E AP S8 1, 2018 AFERCRAE Hy 0.8077 , 22 W] B RTBE PG 44 VEM A= 77 52 B e e B R v 77 o 3 i
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AA/NIEES VL A R A —E R T 45 1]

F2 BAEARVEVIGE RBRBEITER

Table 2 Results of the stochastic frontier production function model

At B34 ES 14l , A ES 4 AHE ,
Variable Parameter Estimate Variable Parameter Estimate

WHL Bo -1.3359 -0.3837 (InBWF)? Bu -0.0902 -0.6281
InK B 0.8627 0.9331 InBWF + InEWF Bas 0.9931 """ 3.5097
InL B 0.1694 0.0852 (InEWF)? Bss -1.2025*"* -4.3392
InGWF Bs 1.2441 1.2172 T2 Bes 0.0065 *** 5.9651
InBWF Ba 0.4187 0.6724 InK - T Bis -0.1383 """ -4.1462
InEWF Bs -0.9606 —-0.8487 InL - T B 0.1191*** 3.6396
T Bs -0.0367 -0.6526 InGWF - T Bas 0.0066 0.3397
(InK)? Bu 0.6657 *** 2.4421 InBWF - T Bas —-0.0088 -0.5503
InK - InL B -1.0298 " -1.7410 InEWF - T Bss 0.0053 0.2051
InK - InGWF Bis -0.9464 """ -3.8908 L I 0.4790 1.0729
InK - InBWF Bia -0.3284 —-1.3055 FS 5, -0.0218 *** -4.9652
InK - InEWF Bis 0.6696 1.6425 PG 5, -0.0003 *** -7.5156
(InL)? Bn 0.0567 0.1024 IS 5 -0.0089 *** —4.0655
InL - InGWF B 0.2770 0.4310 GS o4 0.0065 1.4365
InL - InBWF B 0.1932 0.5612 T 85 0.0373 *** 4.7079
InL - InEWF Bas 0.3448 0.5704 0'5] 0.0539 """ 4.7420

(InGWF)? Bz 0.1119 0.5862 Y 0.7927 *** 9.7244

InGWF - InBWF By -0.6006 """ -2.6911 Log likelihood function 100.1527

InGWF - nEWF Bss 0.7675*** 2.1985 LR test 163.2293

Y A I ; K R ARIEA ; L 35 GWE WG K 28 ; BWE #5205 ; EWF KK R85 FS R —r sl i L ; PG i A
FERME ; 1S Sk FRIK D A 5 A LT R L s S AR S VE I B G SRR BB s T ORI IRIAR R+ | s | s SRRIFRORTE 10% 5%
1% WK - 25

R3 RERBER

Table 3 Statistics for tests of hypotheses involving some coefficients of the stochastic frontier function

H, L(H,) rxmgw ‘_%ﬁﬁ ﬁﬁ%m
Test statistics Critical value (1%) Decision
y=0 18.538 163.230 17.755 bR
Bi-0 -6.460 213.226 17.755 ikt
Bs = Bis =By = Bis = Bss = Bes = 0 26.527 147.252 17.755 bk
Bis = B =Bz = Bss =Bss = 0 85.866 28.574 17.755 154

H AT EAE A 7= A SRR B IR I ANTE T A &2 7 T 98 IR I A ik 2 FERBE I e Wy HE il
L2 BRI A P A AR R T A A 2 DR DR R ORI R (UL 1) BV 4 Bk b v AR
£ 2003 4E Z HIHFEEH /0 (M 1985 4F 1) 3627.07 F-hm® Jd/0 2 2003 4Ef 2795.82 Fhm?) , B 6y BR %1 T
Al E R BRI AL A& 2556 S AR EaE 4 . JEHAE 2003 Z BT, BN IEAL T UHLAE I 1Y)
UF 1 g 06 , PG AT 2 A1 o8 B9 1 4 A b T B R it 242 B o T P A it FH 7 40 i R 82 T (AR, 1996
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