1OY-1YY Sl dxaolY o s 1) W/ (65 59lis” Slauidl

Y gammo 59mo—0dlgl (Tanmocun ) (1)U 9,557 5
W g (Taamocws § (150 250 590 adlig) (55 59LaS
(3

VWATVO/YY 1 iy '@)U WAV /Y0 il s 06

)

oSy

g 225 )33, Slae (381 el (65,8 Y guasmo g5 AT )3 liond pgans g 38 510,822 51
3 o355 Cpl )3 A e )l e jlase g (xub @lio 4 (63U sla b g ] Lol 95 o Y guame
Sl 4 o5 33 45,5 i 5 15 35 5 ogllan (sloodleg (et (alond ppmt 3 355 cslaosls i
sl s bamo 4y &S 0ud (058 )Ll slaodles lsie 4 loodles o olST a8 oo S8 5 Slas
ool by 50 IS 5558 5 585 VE e ) dslidin py JueSS 5l edlatl b LS 5550 (sbaodly (Sl o
@l A odliul (Balal (gjp0 @l by ) aretin g (B LS 205l elateds sl 00 (g9l S
dgi oo dlan Mo Sl o Mo D YV g AV L ply cudpay Jaoweuw g (58 (o)) ke aSimd o lis
4 S35 39l pelatods s 50> Sl Al o (B D ) a8 Cilhe 4y ametnj S &S
@D 2 Sse sl bole 50 Blod g al)d )0 (aliend slo 0gs 0092 )ik g DS oty
ol Gilode )LSe 5 (Prg Gl 3 €858 VL CMeass & aad e (LS (dare Cunnj g (36
aglsS & iy (AT L 35 oo dogi e o (I3 ame G g (2B LS ()b tme yobo 4
S ddlaio )3 2L 28y Vb 4y (] sloan,lSe 36 5 (g Sl o T ol <8505 5 b
29 3y gl 53 g il slacs IS 31 g bl 35l 3 oizzen 29

QO1, Q50, D61 :JEL _guisdinb

srloond pgouw 9 LadgS ¢ daaciun ) ) (8 oL« B3lal (5j0 Mg @b bl gl (5l

(8 559kaS 0aSLails (g5 ,aliSalamdl Lokl g o)l i ST (ggmmiils o Jstuums 0dinn g5) bobiwl o 5 & )
deg )l olBisls
Email: Morteza.Molaei@Gmail.com



PFAS/F o sloui/ 1) >/ (S 539Lis SLaidl 1 OA

dodio

o Bras Bld 4 a5 cnl (e puliw 3 e300 5l 0 lkee s S0 (godee s1aE & 5
QLS o nte 5l (S @n (VN F O gl) wdlbice oz 5 ol nl po e G138 (it poiS
Olesbos Lol asly 2 0)ls Gll o 1y S a5 s i sy 5 oS 51 ey o5 el (1,5
S e OV b plpy VOV Jlo jo Jeame ol CiS ) o o(6510) (55,585 )b )le=
adgi Bl )l eioren il 4l iol8l LSe e 0% 4 YT Lo o 45 coy
coiy a )l gl S g Ve F Lo ol gle 8 4l VY Lo o Jgaxe ol
YUY Jlo o @ lolo 5 Slsly ol il oo 5¥S salos FYSVIOY 5 VARV L i,
YIVY i Jlo slea jo Oljolo g Slolly i3l g o5 faudeo VYY) o YIVA ol Sy
(Y VE (8) ol 00s 5,155 ¥ i OOF o Yo o Ll

fdibige Glajos 9 o) LS (LS (lisle 988" 0 g a5 odes slag il
Olsl a)ls 9285 50 7 p adg )3 (5 edes mra (LS 5 OIS (ke laglind Ll
IO e Lol alloe g addss Oliee 5o gl s, sls e s oSl L ol 055
A WWAV-AA el Sl 5o aoys F5140 5 a5 g sbay .l L2alS Jl> 45 58 algs
Sses) S92 b a5 S50 5o el anily 2alS V\FAY-AY el; L s aoys TA/SY
elie Sl @12 1L Glgoe i)l @ n o) Gln ) Gl (i &5 ol
23 Cews (L) il rizmen 5 G5 e Gl

Al iz 6psliS 5o plerd paen 5 L1ogS 0 )5 VAV ad) s OO (Lo
WSl Comer lajls 4 (2555l jslatea baosls (nl 5l g oolitul unl o
e el ] 45 S oty JUl YU s ) gl S gammo (g5 p0 dlgi 45 ol 00y ey
Sdg o 1) et B pleerd paen el a0k ety HLL; slavely &
L aS Slowds ey boslys () 0SS o (35U anwgy Jl 50 slo,aiS (o (55,5laS DY game
Oed g 9gh SBlo (65,9laS sla e 5l IS a5l 6 ie Jpame S sla e
0355 33,15 g5l Lawgs o 81,1 Lol by s oy tlsdl dlo oo g 1S (g, (glmonlys 035l
g 4l plaglog TYAY-Y Y 0,50 50 ol poons g (Dland 5 ol a5y s 255)

! FAO (Food and Agriculture Organization)
el 428 5 )18 ooliiwl 3590 9 (555 VoY Jlo U Lol Jdo et 4 0905 39390 58 olSog 10 YT Jlos 5l Savas Ll v



1R, e a3 (2367 3397

el 0393 3 YYYOVAA g VVAFNY e bl o s oaiol 0,90 4o Ll 0,5 nSKleo

YAAV-YeoX 059 50 (o loowd pgouw g 39S 0,5 anogi oyl (1) Jguar
YYYDV/AA Y- E voqf

() oleords pyams

YAQFYY . VALYV, FYLVVY () 2ot slasss
-/AY V20 -IFY (S oS S 1o 5 oleord pgos
YE/EF VAY/ag \aVAdd (p55bS) LS im0 slonds slasgS
YVa/-Y YAQ/YA q-/YY (£,5) 0,8 o sl 4 oleosds pgoms
\EIVS YEIAS FNA (pS55) 0,8 o slil a4 oo slaogS

(Y1F) 6 e

oS oo jlanzee (Ll (Sl (55, (65,0La8 i )0 osles (nl 08 e slavaly

Ll 03,5 g9y s L 1) (65,5La8 G Hlaaky
ol (955 aneS 5 JRalS sl Lol el cnl )yt 2T Gl L 5 ey 550
Codlad (6,58 sodg cudlad o aile .l adly al38 ade anld o e slavsly
L 0o, amS idn opl plaieisls s o)ls aie g cude oble slaasly 10 (55,5las
B o..\...IT LQLQJ"“" Lg‘)" JL’ w..:).'a..m O Lsal.vwo (_g‘)a ‘Sm 6..)L’> (_gLQ..\.ALu L)"‘ B>
LgL:boA.:g.YT )‘ u.m.:lf )9.'4';.443 ww LSLQ’LE)BL:‘-:B )‘ oolauwl b @blf 9 (590 5t uwl)sl )L‘S
4 e aS o ‘SthoéLeru QJ)"W QS'LW'MJ Poow 9 Lm.>55 ML’(SA 6'9.._7.@%.’)
Onl igdie 635U i 50 (Seeiny sl pud eogll 5 armacins sla Sl
2 Ll Jareian; sloosly a5 anl arass s)sb o,bss 0y o oleewds slaosly

b el 99290 wlie 9 0dgi (5 )0ld Coz )l

cubm 9 ‘5»_:_9) AYAA u)l.a" L9>L> (5“9" 9 b‘).s ;‘)) ATYAY cLSM.an)f 9 6;LW) el 00
Ol AV (e g SLL YA ()], 5 (g Lasawl AT ()], Sen 5 b0 1 TAQ



PRSI o lod/ 1) M/ (85 99kas” SLaidl 15+

Y5 D Soojl VAT () San 5 s VAT (Bl 5 350 O TAY (o Kan
YN Z e VNY BT s e ¥e)e T tgn 5 oS YoV T8 LIS
et s 25 855l b bLI) j0 (o8 sla oy p LYV ()] Ken 5 (Gl o
o San g s VTAY o Lelonl 5 Ljins VFAT oo Sen 5 ol )0) conl o plosi
990 VAW M5l g Ve e Voo e gho L, TP (JB g SYse AYAY
Sl 0 g L gyae D] 45 (Vo1 OToliSen 5 Kb Y410 ) ) Sen
Jearw Jame gy ohlS b o) p pl Gden jo 0ll alils ooy ooVl
L Jyame cog Joame JUS 50 adgi anlb )0 a5 medsi onl b sl oad 0515 1T gm0
o3l 59, Wil ;53U 5 ool g oVl plo b g jaud (5955 wiile) o SV gamee
B 055l s jo slasdllas @lddS Sldllas cwyyp 4l Casl oals Sb5H1 oS
5 o2 IS 5 i (ol ] han el i ool Gl 5 g s e
loooles LS 3 aliard pyans g oo aloz 5l s (sla 03le)) ' j5me oole apmmacins
S oolatnl b gy adgs (lad 55 )18 Sl o5 0,515 0 beeslys ;5008 ¢ of asle Ly
Olisle plesl 5o bl Gl s G le Wl 2 Jise sladale 5 (Bolas (550 &6
bl

G (W9

(275 Joe g 6B Doz la iad wals oud 0ols medg Al e 90 )3 iSu (pl (ewlid o,
Loy shommacen s 53 @D 3550 sl 0t 3l sages (39, 9550 50 5515 oz lz
~Ca3 9 52 2L 25l sl 0l @l Slasie Slajr 025 Jue oS J o S o
B2 0 oy |y e

! Brazdik

2 Gonzales Garcia
3 Gelan and Muriithi
4 Kumar

5 Arora

6 Omar

7 Herigbaldi

8 Reinhard

9 Shortall

10 Barnes

Y Duet. al.

12 Tang et. al.
'Y Output Oriented Environmental Efficiency

'¥ Input Oriented Environmental Efficiency



19 e e S 3 21367 3397

G ol

Ol elo 992 (S p2 (sl i yled b) ol g, 99 (8 LS (6 o3l (sl
Wools ciligy oo g (syielyly b slazeenl 85,509 (Solal 65,0 &b Jold 5, 99
blis 1 glos s il glls (hs, 99 cnl aadlion (el s b glazesl 30 9,505)
busgaze 59,5 4 azgi b g, Sl (g5, aSle o0 plaS 12 a5 it Chnd g g8
5 T mses VYY) Tl en 5 ST g onds pll sla oy @l ply NS 556
4 oy Bolai (g0 @l woads el ;3 Gla w5l il 5 VAVY) TSBg 200509
el 0ol Gl pj )90

Vo =F(x, B i=12..,N M

Joe gl s 52 € 5 baazial 8 Jlon B loosles oy X; epll g 50 oailins Yy 457 555k 4y
A cnl @ g o ol 53 TS pe sl Jow ol rizmen Bolas (550 @b ol o0
s3> g Solal glhs sim il ool LSS o g0 5l € lad s3> 05d 0 (0,8 AT

Mgl oo Albyl p ) Dol a5 (S8 ol

§=V,— ™

slasely gosmsylis a5 ol )l a8 b 90 Jloy a5 b Solas slas vy o] jo a8
(b SOl 5 (2l 5 ol aclusls Ll Jle plyiean) 5,5l8 J 5 5l g Lz
5 Jias O ygy Uy 95800 o ailion oylel b DB 530 5 o pFojl glallas
39 50 B am0 e 832Vl a3l o N (0,67 ) Jlojs s sl 5 0 quiss ol
£52 Ui Canl (Bolal azel )0 S i a 50 Slod sl Oloj Jsbo o b g bajl5as” sl
loamiul b ams o lid 1) pll JI2aS 8 SIS a8 (UiR0) ol S gad b,

Wgdor SyS ol ) O)sar Jae el

2
GSZZUVZ-FUUZ;}/:O-U and 0<y<1 N

' Aigner et. al.
¥ Meeusen
¥'Van den Broeck

¥ Composed Error



PRSI o lod/ 1) M/ (85 59Las” Slaidl 1 $Y

&85k Ll (V) (sabaly ool ity 0550l ails S8 S5 5 jao oy by B
Vi lp |y oyl (V) 5 (V) salal, o, cnl 5l asS oo ool 02 57 B sloasinl b ol |,
50 2 Cro b sjluie jere plileossSo sl LY 5 0F &i uSole 5l o Ui g
Eolai (550 0 Skae (ploiiul) aitis slosyln b b 1Sl 5 (7) salslae )b

il aslgs 50 55 &g ag

yi*:F<Xivﬂ®)e_ui =ye" Y

&slel sl DL 5l solawl b a8 ol pll (gae )50 ;0 00l ol gosiliw Y7 ol 4o a8
o 3591 p slaasinl B o BB (VAN O 5, 5 B g g9l ) ol oo Jsauws (Vi ) dolas
(TE) (&8 (oLl wiloud iy pad it 525 Lo paie [S00 wCnl plesiinly aidn g, b
Dgd oo (S S oslil (U 2 0) 48, b S gl sjm awga Solai e odg Al b bad e

ey

TE=e" =|—Ji__ ©
| F(x.B%)e"

Adion 4 0dud oadlive coliv G Sjgo 4 Glgs o |y () sadaily jo 8 SIS i
ol o] Cawody S (Bolad e g, 5l eolatul b aS 0,8y 1 S (03l
b_,l)lf ua?LM: ‘Jw LngooLe‘.S 9 osiliw osalivn C5.|4w ‘6)9L:\-é OO0 uaM UaJB L:
)| oas oolaiwl ool L)‘)...A & HNeo 00lgs el Camnd O jg0ds -.\.:‘5,"59 b.'a...?mw.«.a)
(Veee g VooV olyan 59 i) 998y yed (aeomans 5Lk (sooles

Godiliw Glge 4 1) Jasedaw) sl 38 51 a5 0g (S s (VAAY) T ey
L.cd,S Ll 50 cansSS 5 Lasle ) oolatwl b (590 o S b juusS 8550 0 gllaals
S ol 1) wisd ()18 cwed o ylil jo wilel ces gllasl slaosilin a5 > oyl
aS el (e oolBip g Callasl slronslin (gilwJaw 5, ol 5l d(o,lai 0929 DY guas
Lo o) 2 Ao Cg (e 4 g (5 )05 ] GLis! aler slacasd (galiwg 4 asilyn ]
‘525 ‘53.‘)[5 (_go)‘L»" ob’o] 9 w’ab‘so )‘)3 ouslw )‘.b).g o ‘) ‘_;la.omw) ua)‘g.c AW rhl:;.i‘
Ol (e Slaiz b So oS 5 L) heomeconss @l 5 )90 st 28

' Bravo-Ureta and Rieger

¥ Pittman



VY .o o S ) (2167 359

oy 4,510 en 5 050 ) W5l o0 Cemsay 1) (g8 w5l (Y game
-y 2058 9D 9,5 9,15 adgi a5 ool lie ) (Fogll gy (oS ez (VAAY)
ol a8 e85 5l )3 gols )l B sesles o lge 4 iogllasl ol S slr @) arre
ol Ol 3l o Lol d(eslo a5 aletie 42005 (slogusy 4 Cond |y 5l oy 0 U2,
(1235) T Skaa ((133F) L Ken 5 e ((V2AY) VoK 5 sl saliwy 4 g,
ARRAP) fﬁﬁ g (Y- 0) ‘ﬂ? 9 Sl Voo V) oL g 05k, «(1439) ), g 5k,
Sk sleosles plsie 41595 5 m (sbvosled (3aiod (nl )3 28 S 18 el 5 (Sl 090
3551y 6oz (amoienys o (28 2Ll 5 5 00l 28,5 LS 10 @i 0l 0 et
5 k) 39d Adg nj Oyped SlEee aecen) 2L L2k, le wlead
(0284 ) Kan

EE =min{® :F (X ,®Z)2Y }<1 *)
wolie i a4 Z 5 X oS Jlo 5 5 canl waz sodsi e @ F(X,OZ) T 5 a8
Y E€R+ 5 (X, D€ Rs) sin oo )Lk gooled 5 (Jgene o0lgd Jloy oo
T (1) sabal) yo o8 ol gleial) atiin by 655,54 b oad 050 0 Slae e
Ay iz s 650 @b e 2Ll asly 60,5 Cavody gl sl 0ad 00l
Ui=0 ols )13 5 GZ L Z awmmecns ) )by osles jlop 53,5 (3ol b wilgs oo oY)
O)San 5 0)leis ;) 05 dle EE = % Do 4 shemelan ) 25 050 ools lany
25 Doz & iier Slej b Wl o alaly cnl «B)bgs 5l S WL (VoY Ve
DD AL gS

Ln (EE)=Ln (DZ—LnZ:Ln((DZ—Z]:anD ™)

Q> (G0 évl.a p.u)lill.vw‘ ).3‘).39 0dgy gs.la‘.?bow) &5")[5 w.u)l.i! Ln (EE) Q] )oaS
U0 a5 Gloy ol 550 @b sl Ui =0 (280

' Haynes €t. al.
¥ Hetemiiki

¥ Zhang and Xue
fwu



IFAS/F o sloi/ ) ) M/ (85 39Lis Slaudl 1 £F

& J

(V) 59 oy 428 @ a2 g3 b (lpl 0,10 0929 (5,2) oailins S oS 32825 0l 5o
Sire &b L ol alols 1l oy5ln sl a4 asrecen; LS 00,00 Cans 4 Gl
bl gip0 @b edoe sl po 595 aeS 4 ln b salss sl Bolas
b (darmmacany il sosls o Xo 45T (2,8 (ol b s salgs eolitl Selul
el dolss )0 5 Ojge 4 Ssludly (65,0 0y @b S o

LnY =B, +BLnX,+B,LnX ,+BLnX ,+ BLnX , + BLnX , + B,LnZ 78

+0-5(ﬂ11(|-nx D2+ B (LnX )2 4 B (LnX 5)° + By (LX) + B (LX )* + By (LNZ )2)
+f,LnX LnX , + B.LnX LnX, + f,LnX ,LnX , + B.LnX ,LnX + BLnX ,LnZ
+f,,LnX,LnX , + B,,LnX ,LnX , + B,.LnX ,LnX ; + S,,LnX ,LnZ + f,LnX ,LnX,
+5LnX ;LnX  + BsLnX ;LnZ + B,LnX ,LnX ¢+ B,cLnX ,LnZ + S LnX (LnZ +(v —u)

X3 «sbpan j3 ol X2 5 gy Jlad X1 LS 0 50 Jgams 0,8lae Y ] ) a5
355 Oy Z 5 ran o Oliee Ko (Brae ol anie X lgol 5 lpnils ganse
il 0T o Loty Sl asomadions; yiie Slaieds 45 1l o 0dh oolitusl olosd
ozl 40 a5 was Solal (55,0 @b gl oyl Frontier 4.1 158ls 5 b wilgs o (A)
Sogo el 50 aS T s Wl o (A) sadaly o PZ LZ 05K L con o)55
Lo @ as el gyalol oY (Ui = 0) ab vnles Jan j,glas o 8 olSL i,
19 ALl 5 D yg & Wlgi oo S Seludls Bl g, (nl 1ol so el s 28

LnY =B+ BLnX, +BLnX, + BL0X , + BLNX , + AL0X , + ALndZ @)

05( By (LX) + B (LX) + By (LX )7+ By (LX) + Big (LX) + B (LNOZ )7
+,LnX LnX, + B,LnX ,LnX; + B,LnX .LnX , + B.LnX LnX , + B,LnX Ln®Z

+5,,LnX ,LnX , + £,,LnX,LnX , + B,,LnX ,LnX , + B,,LnX ,Ln®Z + f,,LnX ,LnX ,

+B5sLNX LnX ; + B LnX ,LNDZ + B,LnX ,LnX ; + B, LnX ,Ln®Z + BiLnX [Ln®DZ +(v —u)

g i oo Dbl 65 B b g () akal, 51 A) el 0,5 S0

' Stochastic Distance Function



18- e a3 21367 3397

0.58,[Ln®Z —LnZ T’ + (\+)
[B, + BeLnX | + BeLnX , + BLnX , + B, LnX , + B LnX ; + B, LnZ J[Ln®Z —LnZ ]+u =0

el dmlgs o 55 &g alaly () 0) sabaly 4o (V) galaly gazmS 6,:5 54 L
0.58,[LNEE ]’ + )
[B; + BLnX | + BosLnX , + B LnX , + B,.LnX , + B LnX  + B LnZ J[LNEE ]+u

aS 0l o pgd a0 galolre Jgo,d oolaiwl L LNEE gl p wilgs o (VY) (sadayl) eST
il 0] iy 50
LnEE = [—(ﬂ6 + B LnX, + B LnX , + B LnX ; + B,,LnX , + B, LnX . + B,LnZ )+ ayY)
{8+ Bk X+ Bl X, 4 BlX , + BLnX , + BielnX s+ folnZ Y ~280, )1 g
Wl Cawss OF) kel 5l eolaiul b ailgs o (EE) Jareians; o8

EE =exp(Ln EE):CD:((DZ—Z) QAD)

OQLQJSQ(SMJ))J)QML@MM)&‘)L{&}L&Q)MMWJ)#QM

2,8 sl et 5 O )goas LNEE (055 5 ) (apoeoions )Lk
Ln EE = [- (B5+ B + Biskn Xy + Boskn Xy + Biln X+ Bisln X, + BisLn X Q)
+B,LN X, + Lol X, + Boskn X, + Bisln X, + Bsln X+ BiLn X + Bigln X¢)
H(B, + B + fiskn X, + BLn X, + BiLn X, + B,.Ln X, + B.Ln X,
+BLN X, + Bl X, + Bl X, + Bl X, + Bl X + B LN X, + B LN X )2~

4.(0.5655 +0.5 s + oo )i 1 (B + B + 2/55)

ools s915,5 wiul,s

aigad Jlod wdmelz oz (a5 pamine ey Sel 03Y Gl 3550 glaesls (55515 s
Sg (6,318,535 3,50 (slaosls oo lailiwl (& mSaiges slo by, 5l (o 5l eolatul b g s
Ol b (65,5188 ol Hlel by aitly oo il liw o LSS (g 2 3550 dnal>
> et Sl aidloe Sodld b 0 sl slalivg; (saen 3 I Y- e 3500
el oo solaiwl (VO) o,S4S (salasl, 5l diges

__Nz’pg )
Nd*+z ?pq

&8 (-0 (o2 Jlixt bl bt Jsb Z Lo 9590 siged Jled N VL gabal, 5o
Pl ool 0,8 +/+0 Bubod oyl 0 AT il o 5,0 gre plaw O aS o laslinl Jlo



IFAS/F o sloi/ ) ) M/ (85 39Lis Slaudl 1 £5

Ol ] e o s Comaz 1 s =15 5 Cpme Cido gllo Sz 5 s
Wlgs o aS ol co (5 S0 jlal (Uas) sl ol 5o O .l o0l (5,8 /0 550 4P
Olo a4 as g bl ool (5,8 /oA o pl 0 aS 0 Kl N B /) o g0
Sledbl g diges w5l o el Cawdds diges VFe YU sl 5l diges Hleds 0
S5 Higes 4 plodl (Glatios (6 pSaiged by, (65 Ases by 5l osliinl b L)L S92 50

A ool g,910,5 4

aS towl 0ol 03,5] (V) Jgo ;o Sebuil 5 adgs &b Gl wleiiw o aig 3,90 p =
p3Y 2505 18 ooliil 5 y50 e a5 352 @i 5 o (8 L Sl ge3l (sl Wlgi e
259 5l 4 b o VEIEY L pl sl cpl ol ;o cuns o)kl a5 conl (5510«
2 @9 ol S seslel S e 595m (VIAP) Tl 5 005 Lansgi ouds (5155 45
o bl 51 5555 oleiin ;s Cand o)lel gz el YIVY Ll do )0 i (5,0 sine xham
@BLL R Siledr 09800 3, (2L dgs pas p (foe a0 $4n5 8 Wil Sl
(V) sz o 00l )51 (5550 9elsh @ gl 055 951 (sl 5 9,0 9575 @ 95 5o

el 0 )5
31 oolinsl b Solunil i JSb 43 (Bolai' (550 Slgi @l 00l 330 0 (sl p (V) S

@ beiaw 3o dadion (w9

She Bl il to,Ll JUELo

V100 Y JRpe
¥/ ¥/-a e 055 o2,
VY V¥ VY o pyans oy,
-/a4 N seses Mo ) O o e,
“IVA VB “ANA Slgol 5 loyiile piy 50
-IAR =R — A o o,
<IN =Yy sesese =\ /oY 5 i, pgo e

' Kodde and Palm



1Y e a3 21567 3397

31 oolisiw! b S oludl 5 Sl 4y Bobad (6550 dudgi &b 00 355 p (sLocy po (V) 9o dl

@ bodcaw 3o dalion (w9

- IYY YT - fY il 055 02,8 9o ol
s YIEY s oYY ot o o) g0 Gl
“IYA “V/eA - N o oy pgo lgs
"a S\[BY % - Y8 Y Topile w2y )8 pgo s
JIYY <IFY Y- <l o)l pgo ol

leosd 395 00 ) 50 430 00,

sl o o )8 50 530 00,8
AR VY <Y I Gy mi, 0 0 o,
<Y YIvY e /Y. Slgol g bepiile o & jo 4 o,

ol w8 50 )% o )8

o o w28 o (pliend 055 @ )W
<Yy YIAY ) [+ 0 5 o w0 sl 355 o,
<IYY =Y s - VP Slgol g bocyiile pi )5 5o olandngS wi &
<IYY AR o/-¥ ol i, 50 olasds 055 o1, 8
NY Ats ks I 955 il o e oo )8
Y —M A Slaol g b pyaidle v, 8 o o e,
<-4 <IVY <IeY O i, 5 58 e o, 8
.IY$ SV AN ol 5 b iyedle w8 3o IS 55 o
<IYY -Y/AA s - [AY Ol i )8 50 )5 (g o,
AR YIvE s [YA o i, 0 YT wile o,

LY F5IFY s FEYA lae 5 202

§ %) (Gubod slaaist TN
oolitul 8,90 ameciuns; 5 (8 o) dle 5l 00 0591 15 (550 g b slacy o
Sl oyl gl 45 1 alosl (VF) 5 (0) slaala, 51 solitasl b Slaslms ol 28,8 13

(30,0 ) 530,00 o3 Ve mhuw )5 G)ls poe cud 4

Sl 0as 5,155 (V) Jgo 4o
el Cawdds 3o 3 AV Ll oy lidls 8 SIS Sl oY) Jgaz 50 7 000 =l plo
b, l5dls ao 0 OF/+ Y 28 ol)lS go0g duoyo A0 5l s oI5 Jls Slas o YA 8 ol
asls jo a5l sl alaS e 8 SIS aS caslazgr LB .l an o Ve - als ;o 55



PFAS/F o sloi/ 1) /(S 539Lis SLadl 1 $A

Sl 18 ws e -0
Csl 000l Cwd 4 00,0 YO g oo, Vo a5 4 asadann ) oS op 35S g oy i
Oed Al oo aigel Jame G (5{‘)15 Ol oo, YO ol jlews GBI Sy oS
3,5 JYaxu! 0193‘5;, QT Gl oy Sw! Cawdds Jo,0 YV ol Il G‘a...?u:w..:) Lgl\)l.f eleo
poow 9 B3sS 0I5 Blod b Joaze )3 (gao)0 TV 2al8l (Bl w9250 slas jslid b &S
313 357y ey s Hlibj sloesly plsrear plend

rudaly (L e (W15l (anmoCunn 5 () w0 g Lo (V) Jgaor

@b e o 2
WK Slos WS Sles L als
OIVY A =0
AN 4 YOIV \id Oe-Y-
OFl-Y A 0 7Y v.-q-
Y4 AN AN Y Qo)

“A 603k 5 gy 950 dbbate o e S LIS Hled o yiden (V) Jgoz 4l
OIYY (li plo Casl qwyp 0590 dged JS 5l ao o FO Jolis a5 caiil co (guo,0 Ve
30 bdiges 3l oo o YOV yioren g aied g, -0+ SLS sl)ls laaigas 5l ooy
Alad 3138 oo, eV e e LS sosl

hrzoton ) (2L 5 Fgo sladele (F) Jgax

&5 SIS e o S e
to,L] oy to,Ll oy

YA s -+ /oo YYS —+[eXEP (W) 5,0l oy

[+YOA- RN ¢ G 9kisS Oams

o[- YFA </YA ERRRTN (L) (55,5LaS a5

EMAREA A AR ofe e ¥A Siy9laS pwé el jo

[+ OVAY RYN\ ¥4 TSR LI R g

[+ $aA +/-0vad 2 gjlwaz LSS

<JAATAQ A/e Vs <IY-YAA loawe 5l o se

()3 ) 90,00 e Ve mhaw 10 (gl dme o )5 4y s e g %) Gdsd glaandl iae
Gy oo b (glo g yob 4w Jele el go cdmlice (F) Jguz j0 a5 jsbjlen

(P 25 9, )N ,80 B> 5 s wes Jele g el il e oS



1P oo S ) (21067 359

a5 Gl o0 99 (nl S 5 10 0K (damecn s S (59, (6 lo e 53l ol aidlgs
s 4 (U5 4z g5 il 55 53Vl (65,5l 8 il a5 iy ol ppliS oS 28
S35 295 9 Sodo 0 gre ;5 Sl atilyy Mlass ole bilie o 5 05l e
Floe @y 5 i az s YL DDleans b oldl ans oo (Lis a5 0,10 agmeany; 28
SN )3 CS 5D (rizre (WUS g0 (57 S8 555 g o 5 )0 9 Wl e
oA dga Sl dindlys g andls asmecen; @l 9, 1) Sute 23U G e (g
Jole w3)lo b Sl cote 73U 5l ol &S wiliien @ bl (asoetinss (2,5 &
wndlys g Conl adls aorecinn; 2l 65y olosme 9 Sute U 5 iluaz LSS
51 olspglisS paiagy ookl Wlgica o] Lo 5 amo il3dl <18 sgam |, IS

Sl oo a4z LS sl l 5l 50 595 5 s (slaosles

ol 5 (6 o5 4t

Ol b 50 g p QM oy (ametinss 9 (8 (2D Olee b ol (00 Baiod ol o
Ll 9 sor S (28 2L 65y Bl ileaz e b 8L eiaren 5 il
2 el 5Sls 05l (5910 ,5 elyy axlg VEe sl akliaas 5l eolatll b eosls Logl
aoS 5 00,0 AV b ol «Soludls ol S 4 olad (5,0 @b 5l oolatul b oo o1
YA &L S 5l las oS ol Cawdds Qoy Verg FY sy a ol)8 e diiion
2l Sl a5 ols plis eads 0491 5 e L ol oyl dle o gao,e
dlge ey Ve 9 VO Glancin g aeS g o3g o, 0 YV L 2l bl aocecons s
3l olias o wilasils wsy0 80 3 Gla,znw) G;.I)Lf ES O IRV § SRR CAREE IV
2,18 055 5 e slroslyd 3l aigel goolainl g Jarediann ) Plaws 4y IS oS 4z g

5 e odlitl gliwly 5o (hyasliy ols Dygps Bzl Sl edel Cessay mli oy
Oeizmad 0,5 108 Sl adsl J>oly (lsie 4 adgi il jslate 4y sz ge sloiod b
Skt 5 S yd OIS siey )0 (s 5 sBisel Glooysd )i b el (nl 05T
Gl 4 Jpazme (198 9 0oled ik e )3 (hlex ladilin Jloel g slooslys
SeS @wr s 0 Lo gladele 5 plpoe Bl mhaw B )] 5 Wy sladele 23 0

W



PRSI o lodd/ 1) M/ (85 99kas” SLaidl 1Y+

S8 & glhleS exgies 5l plad (Jamecen; LS L (B QI8 mls awlie
A ookl 4 (f55LaS hjgel LS jo canl a3V 1A L5 ls e jlaises (goau YT glaoolys
g g S e 4 |, LIS ol (glacasl 351 L clgs ¢l slooslys ;|
Cusd &y il Jpama o8 9 955 oli BT aslo 00 b als Ggu Jpamo nl S
9P 2Ll 69y o) ilwaz LS cuie 230 4 Az g b iores s p GBS B pae
ooliiwl jelate & Lol)l (silwax )L 55 598 ;500 bl )0 09 0 AST Jasmecans )

2550 S0 @ Mg 2L Gl g S92 g slaud b sl e

&lw

S p Mg ) osled (a0l g (bl (owy 2 ATAY e (ol S 5 7 S B e s bosinl
:\”o)Lo...‘f.y f&l?- ‘dj)jL’l;S olazsl c\l?u .uu)Lé Qllm‘ jsﬁ.é.alf u*’“ L’)‘)UJL& HEL ST 643.‘”4.@
A-T

OB T Gl e gy sag oS 3 g soladl SIS oLl AYAY LG LBl g Byl
AA0-YIY ) o)l..o..w ‘Ya)jd ‘ulfd.u.{)‘}?tuu ) u&s).: A.lm
‘OT o )5 g Sldas o Guixd dlxe (IDEA) Slosb sloosls gy Sl 3 eolaiwl b
Sr-ov :(F)Y -

69y90 aslllas: 28 SIS Jdow o e ; OIS 6,085,544 AYAY g Jclasl oo L janx
AOV-NVEE Y o Ll (g, glaS olamdl ldasd alove 5l i lw gl (gai,lg

5 e Sl 50 50 (65,5l Slacie; (2l analie AYAT o (gunted 5 e e e (S
ot S i laasls gy ol 3,50, s 521 55ltzr e b sl 5 e
Ageden s gigd 8 olSily (ldas jo s Sl el Lol

w..)) g‘)ls 0)5“‘){ AYAY P eGB‘}«»Y‘)M 9 .é “5.)&*.! g sGJ‘Q)J s.é ‘Lg|o))~: ¢ .8 “5.;[7.!4“)0
MIY-DVNVFD cangs 5 (55,9laS olaidl aloes . Bolai e Jodo 5l oolainl b oo

Lg)b.c),o Lng»‘j 6.*5 GJ‘)U » ).:9A JA‘}C Avd- o ‘kﬁ"L‘} 9 A ‘)Ler’g_}“"" o ‘6)9li ) ‘wo
AVYNAA () Fals (g5,9les slaisl aloes (ol yg 3l youls (69,90 (garillas) o)l 45 L]



IV e a3 (21567 3397

90 5l eslatul b olpl o pasS odgs 8 oS Sbs,l AYAA L bl ol hwg g ol
AFOIVY (V) A Jlo goladl sl mmghy S5l LU g SO il b cdlin

sasbiiegh ol o slaglbanl o iy 8 oI5 o)ﬂﬁ AYAY g ol 5 5.8 «5,SLo
M-AF(Y) A dl> (golazdl pole 5 cloiml g Sl pole

olries b stk 5 (DbBL (2 (2D () ATAY o alBES8D 5 L (g3gemme p Lot
AB-V oY H0) ) 0,95 oo (8,58 5 el g ool 42yt o

2 85 et @Dl SNl AVAY e uykad g e ole o ol (e
Sladllas saels Lab L gy g Loyl S el LU sla Jore 51 ooliinl b i dnwgs Jo 45 sla,piS
FA-AY (F5) M) Lo 55,5 ol

A1) (V) Y b ol adg

Aigner, D. J., Lovell, C. A. K., and Schmidt P. 1977. Formulation and Estimation of
Stochastic Frontier Production Function Models. Journal of Econometrics, 6: 21-
37.

Brazdik, F. 2006. Non-parametric analysis of technical efficiency, Factors affecting
efficiency of west Java rice farms. Working Paper Series (286), (ISSN 1211-
3298).

Du, L., Hanley, A., Wei, C. 2015. Marginal Abatement Costs of Carbon Dioxide
Emissions in China: A Parametric Analysis. Environmental and Resource
Economics, 61:191-216.

Food and Agriculture Organization (FAO). 2014 <www.fao.org>.

Gelan, A., and Muriithi, B. 2010. Measuring and explaining technical efficiency of
dairy farms: A Case Study of Smallholder Farms in East Africa. Conference
paper, The 3rd Conference of African Association of Agricultural Economists
Africa and the Global Food and Financial Crises, Cape Town, South Africa.

Gonzales Garcia, I. 2007. Land consolidation in Spain: the land registry perspective.
Effective and Sustainable land management- A permanent challenge for each
society, Munich, Germany, May 24-25.

Haynes, K. E., Ratick, S. and Cummings-Saxton, J. 1994. Toward a Pollution
Abatement Monitoring Policy: Measurements, Model Mechanics, and Data
Requirements. The Environmental Professional, 16: 292-303.

Haynes, K. E., Ratick, S., Bowen, W. M. and Cummings-Saxton J. 1993.
Environmental Decision Models: U.S. Experience and a New Approach to
Pollution Management. Environment International, 19(3):261-275.

Herigbaldi, U., Purwono, R., Haryanto, T. and Primanthi, M.R. 2015. An analysis of
technical efficiency of rice production in indonesia. Asian social science, 11(3):
91-102.


http://www.sciencedirect.com/science/journal/01604120/19/3

PRSI o lod/ 1) M/ (85 59Las” Slaidl 1YY

Hetemiiki, L. 1996. Essays on the Impact of Pollution Control on a Firm: A Distance
Fimction Approach. Finnish Forest Research Institute. Helsinki, Finland.
(Research Papers 609) .

Kodde, D. A. and Palm, F. C. 1986. Wald Criteria for Jointly Testing Equality and
Inequality Restrictions. Econometrica, 54(5):1243-1248.

Kumar, S. and Arora, N. 2012. Evaluation of Technical efficiency in Indian sugar
Industry: An Application of full cumulative data envelopment analysis. Eurasian
journal of Business and Economics, 5(9):55-78.

Meeusen, W. and van den Broeck, J. 1977. Efficiency Estimation from Cobb-
Douglas Production with Composed Error. International Economic Review 18:
435-444.

Omar, M.A.E. 2014. Technical and Economic Efficiency for broiler farms in Egypt.
Application of data envelopment analysis (DEA). Journal of Global Veterinaria,
12(15):588-593.

Pittman, R.W. 1981. Issues in Pollution Control: Interplant Cost Differences and
Economies of Scale. Journal of Land Economics, 57: 1-17.

Reinhard S., Lovell C.A.K. and Thijssen G. 2000. Environmental Efficiency with
Multiple Environmentally Detrimental Variables; Estimated with SFA and DEA.
European Journal of Operational Research, 121(2): 287-303.

Reinhard S., Lovell C.A.K. and Thijssen G. 2002. Analysis of Environmental
Efficiency Variation. American Journal of Agricultural Economics, 84(4):1054-
1065.

Reinhard S., Lovell, K. and Thijssen, G. 1999. Econometric Estimation of Technical
and Environmental Efficiency: An Application to Dutch Dairy Farms. American
Journal of Agricultural Economics, 81(February): 44-60.

Shortall O.K. and Barnes A.P. 2013. Greenhouse gas emissions and the technical
efficiency of farmers. Ecological Indicators, 29:478-488.

Kai Tanga k., Chengzhu G. and Dong W. 2016. Reduction Potential, Shadow Prices,
and Pollution Costs of Agricultural Pollutants in China. Science of the Total
Environment, (541): 42-50.

Wu Y. 2007. Analysis of Environmental Efficiency in China's Regional Economies.
Paper prepared for presentation at the 6th International Conference (Is China's
Development Sustainable?) on the Chinese Economy. Universite d'Auvergne,
CNRS, France, 18-19 October.

Zhang T. and Xue B.D. 2005. Environmental Efficiency Analysis of China's
Vegetable Production. Biomedicai and Environmental Sciences, 18(1):21-30.


http://www.sciencedirect.com/science/article/pii/S0048969715306732
http://www.sciencedirect.com/science/article/pii/S0048969715306732
http://www.sciencedirect.com/science/article/pii/S0048969715306732
http://www.sciencedirect.com/science/article/pii/S0048969715306732
http://www.sciencedirect.com/science/journal/00489697
http://www.sciencedirect.com/science/journal/00489697
http://www.sciencedirect.com/science/journal/00489697/541/supp/C

