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1. deterministic frontier production function
2. deterministic statistical frontier production function

3. stochastical frontier production function
4. profit function
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1. Constant Return to Scale (CRS)

2. Charnes, Cooper and Rousseau

3. Variable Return to Scale (VRS)

4. Banker, Charnes and Cooper

5. Non-Increasing Return to Scale (NIRS)
6. returns to scale

7. input oriented

8. output oriented
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min, , 0
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il 38l g jusie ol 0djl sld Jas Gl b dales > (68 prenad slaasly I plas
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S 5 b Slgices Jde 1y el S bl TS sassly ol 4 (Cooper et al., 2007)
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1. Decision Making Unit (DMU)
2. pure technical efficiency
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4. scale efficiency
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Cawgydrgy e & Cuns (il b (bl odjl b saly cpl «jgoin] pE 5 g S (e
Sy ctol ol ) (gypSpaeas soly il TEypg =TEyps g SE <151 (pizmen
Cllad polide & Comd il o)l ) o 5)50 doly bl TE pg # TEyes 9 SE <1
.(Mehrghan, 2004) .5 .
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Giliseo Joloe bls)) g SomsSy soS 5 oolitl b 0,Sag, ol 53 dgdiee odlil
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ol 93 Wi e dekoe yio 4 ol 5 5 S & YU 3l WL ol b o)lsl 45 WS len
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E =f(Z,)

E =1 ifE >1,
Ej:E; if0<Ej*<1,
E,;=0 ifE <0

z, (2h) slael Basosalin e E, (2l sl Yosiosnlie b Ols yaxio Ej ol p &S
ol 218 5 IS5 Bl g e o elean] (oolail Calisee Jolge | glac goro

sy gaw > (o SV garme S g5 (8 2L 2 IS 5 ae Jelos Sl (S

1= () 0i & boe o gl b 5 ool Bbpeads (951 02313 Cgllae (olys plos
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:(Pal and Kar, 2012) > o duloxo

CEl = [- > pyxlog) ]x [1- (ﬂ v)

3 Jgpao 2t 5 o s P g 0080 ely5 @Y guazma Sas N (V) ]y 5

ol el Bl g Vg g5 i 93 Gl S o (98l LSl il cutS p an JS

Culld g9 (R L Sy g Gl (oly; Y gae slasi Gl g 39 5e5 el L (el

& 495 b .(Pal and Kar, 2012) cul K g yio o o] 0395t 5 Ml oo (0l (piin 3505

2 oy Y guasme Sl > glis Lyl )3 g9 duglio > < Sye (g8l (LS we Coje
g o okl cilisis g)lje )3 CutS g9 ghaw (bl lp 0SS nl jl Sl Glagh

1. latend or unobserved variable
2. Composite Entropy Index (CEI)



\*' ZJL@:' “" de gw‘,sjd})‘gw ém‘

u_cl))’ JL.: 5 S ol bl.;hwl uL-“)-Q(*’ )lfu.ﬂ OI)‘”L&.{ JQL.A axlllas d)L"] dxol>
bl CunBge 5 and lio s (8T ere8 Al s Lilod S g CuslS & pladl HTAA-AQ
G905 5 o oS5 Ay ) alisl L Wigel o g 9 b pasetio ol 53 @l (slaliog,
(Blal sl (S Hges ey 4 b ped ) Bly saliwg) Sl (Silad ©jgon Hla5 5)9e
(G058 VAB+) Ban Cuzxes S i N L5 3590 aiges slawi N ((A) daly )5 .05 (¢ )glaes
& @) LI sl sy g3t G )3 &S Canl i 3)90 b o351 L Jlezs P
OlogliS doyd g JuoSS dolidian y YO dliad il cjglaie py g oo 48,5 a5 0 (S Lyl
Lo dop A0 luebsl praw )3 sl 0as dulie (Jl3 0,40 o) dops & JolS 28 ST, L
2 Joyd s &S Cawl il BB gllas d g VA5 Jolee Z ()i 5j90 Cudo (g Jloy (5,
duolee WA dgus 1> diges i djusio (635 sl o (A) alaly 51 oolazwl b g o a8 S las
Bl Gl VA & i ¢8> (gl &S W

_ N xP(l-P)xZ? ~ 1950x0.15(1-0.15) x1.96 _1781
(N-D)xd*+P(1-P)xZ* (1950-1)x0.05*+0.15(1-0.15)x1.96° ' (M

g sl a bgye <Vl Jatbe pols ol diged 2 s 5l om
OingliS b gypis aplas pad g (Pl ol o2 cby g cdb s Jolye slaaie
sy 9> 4 bye oie g e Sl dndoliusy Jlo ) id JuoS5 ol
bl S35S (p,55kS) yh (US) () Jold g soodles 5 odliw lyisar (p,55kS)
5 () (losd pgon (cobs) (Gudle ) o8 (I =59y =) Slal ) 5908 (o5 9kS)
Sldley cladin 5 (ol gl oo g dle (cly o opiomen b glyskinl (gyl] Sl
sl 0k 45,5 0,00 GAMS 5 EXCEL

! g g 5> Lodles (1 1o o o ey 45 3 (LS 0B 6 glaen Ol LS

VO) wdle 55 (Goy 5 (4oyd YA) (mej oplal slaosles 4y bgiye ety bl i o
WS o Jreod 59liS ) adg cladja o> FY pgecme 53 o3l g3 il 5 sl (b
iyt ol 5 alesd pyew (alend adgS (Ll HIS (gop5 ol sl opiomen

1



...... 6.9 &T)S Bx )‘ijs‘ (_SLAMZJE,G

odlizul 590 (gla piio (¢ lol Chuogi g o Jolis |y ladis 3o duoyd dw g ,len ¢ b @3 0w
g5 0les 5:S0ke sl oad LY Jgia 5 (oS (ghpa0ly lase o (s Bl gl
PSOLS O e+ 5 YVDA sty ,Slos (pyidin g (S g p)SokS TV dilaio 1o L o>
V00 (plond s3sS 0 SolS WA+ )l glaodles JlSe > Bras (1SSle uizzan 5 02y
VIV olosd pgows el FIY (ndlo )5 (69,0 =59y ¥/F Jludl 5 (5900 ¢ SskS
Al g 3 03litel 5590 (ol g ok I anly b Cued (3:50ke sl YIF (5Ll 593 9 2
O 2 09 35 0l3yglaS 1 i 039 (e Shlo adlate )3 3558 ST sl ol V Jguo
Cuod gl oy 318 £95 4 drgs b a8 s Jlndl g adg 4 (bl lage 3 0gn
OB & By djetes (nimen Sede sshaie oo (nl Cued plyisd 5 patide ()
A3 (Solgls I gy copiman g 09,5 (pl slp S (59585 dj0ied &5 lgiedr (glmital

Db o 485

BhpSedofle | e sl gl SRPOSw o
(JY, 0) (Husr) daww
V00 1150 oy ¥10A £5Y-Y 5 sks s
\SY- 00/A YY0 YFA ASIY Pk i
o s wa Yoo \00/Y oS oks b sladgs
Yo. .- IV vIy £\ \il2 Kigy=% Gl e
AYYVD- A NA oy £I¥ cels ile S ggy
YAYD- VA v/ Ay YI¥ o o pgous
......... Y/ o Y \iZd 193 M

iy Sl s le

93 Sblsusl sy ol g (15503185) poliie 5 (8 (2 dslone b ()lol iogs

oS 39 0 dbanMo ¥ Jodo dlacl 4 dogi b ol o &1 Y lag05 50 bl Slglys wojgi o ¥ Jods
e i gl o y5eS o yd A5V g AY/D VAT s iy ¢ olidio g (e (3 2,5 pSikie
i Gl 218 Sl (o 305 4 g dop s gl it g do > SVIY 5 OV/Y XAV
g 035 ko> AomVew 03l )3 obidie g (Do LIS g Ao )3 0eF < 0jl 5 (B LI g8
o oS canl ol 5l (Sl 28 LT o ieS g oyt o sho ) YVIA 9 DYV GBI d4mg

v



\*' ZJL«.& “" JL& gw"s‘pdjj‘gw )w‘

Ol 3l bawgie ysboar (Wlas o3gae 5> 5 3,05 3525 (5 LI SRl o3k Ol
Lo Y/ g WO NIV i p o liw g o )gn (slp wbido g (oo (8 o],50 &
I il o ps AV/D & YANY 5 wlie T,5L Gl b gylie (8 oI ke
shls oy 5559 Clal Wy Wl @ g Glaodks (29381 51 wlide & Cams Jo3s
el s alidy iliel p ogMe (sades slaodles inli8l b e wlie 4 Comd (ais]38l 035

g 28 il g dgu

2 0,89 (150345) (wlile g (58 21,15 dpwlowe gl ()bl dmogs - Y Joua

Sbxe Sl Sl Sl ke 21,5 gl
<NAY \ [FAY -Ivay S8l
AR ) -fovy /AVD Sopde ol
of+aA ) I8N /a8 wobde 1,8

Oigh cbasl sisle

80 -
N
70 §
60 N
N
50 N
N
40 N
=
30 - N
S X
2 B[
-
0 = N N N N

Oaan T AV A Yerodn

W (b ojl) (5 b B (e o33l) (8 2l B elide 2D

ool (21,5 9 (B 21,15 Slglyd 2395 - jlage5

YA



...... 6.9 &T)S Bx )‘ijs‘ (_SLAMZJE,G

4 Cad (oal38lpe 033l o puitio 03jL i o3l kalpd 3 8 D dvwloe I g
('?L‘-‘ aS o o s ul))9'.~u5 O»L&o & Cod o.))’lg ‘U»L.Qn L;:T)lf (e g wl.:.aa
Ban g 039 (whieS>oS 5  dduze [TV SWlae odgie (¢5,9liS .cowl ool ¥ Jods 5 OT
&S o b 1) wre ol jo adlae guls andl &S wl Mg slaaiie Eals ol5yeliS Lol
o33l 50 Moy YO g (dol38l ool jd byl ()l555liS dopd Y g o dlasMe oS s
Cllad (e ) G Cull 03jL) dls (ol )> Loyd 033193 oS g ulide 4 Cons (LalS
o33l sliwly j5 adgr wlde Lasli8l o aodlys yidus Cpne 45ty o Hlaid opl s ALS o
ol 9 paenad ol (ool glate bl conlio onenad 03gae l5y9liS Melyd g g law
2 oli8l 5l e Jaase 50 (il 38l Cans ¢ yolido 4y s (il 381 0051 clls 0 oS ol 4SS
e 59y ES > el gdge cpl g Jelge (olod Cund (39 Call (25 b g Canlmodles
Jole 93 b oo R (G5 oy aia Wi elide g oIl GRlAI L g 398 o0 Lawgie aysa
O3l oy 5l 4 dmd e |y ISl ol (B 4 sl Jelgs g S s g a5
iy GEalS ) (gudg sy 4 g el

< ol 9a (wldo 4 Comd 835 -Y Joua

KW ool &y Cownd 0250 £45

WY (4 wliie) obiie & Comas b o33l

Yo oobie 4 Cons alS a3,

7Y ool 4 o iolidl a3l

g sl sl

¥ Jose 3 el g pde o8 2B 2 e el (owip )3 Cngd S )S) s 39l
5 gl ko gu o odmlie 45 435 lean ol Ll B 003 ygl ol 5 0dgs Hd sixe
=hi OV gare cuiS g95 5 (FYL g plod 5 liwped U bl JIpl Canp iy SHlass
Sl 3 L L s e g hte b3 e Olalad dlus e gl gxe g cute bl
5 (20 W) (oragy —hioel slooygdy (slayiio iomly )bz oo ) (ien

1. Likelihood Ratio (LR)

A}



\*' ZJL@:' “" de gw‘,sjd})‘gw ém‘

aey50 5 @B 20l slajite 5 Cuto blg)l (10,0 VFIF) (jslits gl 5 55515 el
b e bloyl (ao0 VF/Y¥) udes wlide g (uoyd VY/A) (o) U alold lawgio (do > VY/Y)
5 pled g oy U i) Jlsl Caspps cMuans o glayate )b (B
9 30 Gz 5 Cuto bLiyl ol); Y game CulS g6 g (6550l Slgdl o 45815 cuSIle o YL
23 pde LS L s gxe g e by e U abols Lawgie g colaad slasi ol puiio
sal)3 5 (103 03}L) o blo)l (g5 = obigel (slooygd (slapiio icmly ()0 stme b
oo L L o ine g e b3 (100 WIB) 15 wlie g (100 V+/3) as 30 5l )5
Casllo g (g —sbigel slooygd SV g wlod) SIS Cusgy s EMans cl e 5l
L5, ooy olahad sliss g de e 5l 2yl delyd gyl gxe g Cute b3, (65,9liS gl o ,g:815
on ity ol (ol Coonl 86 b jite plo 8B 5 )l elde LIS L e 5 e
EMpass gy oo 4 bape g (upde g 8 2L 0 b bme o)l
ol g5 1) dgun 55 ko cpl (YL el 5 5y LS )
byl ddllle o ldo LIS 5 (B 2L 2 ety lopite b p @l
Ssyglid jloslital pas g (532,50 )bl Jdsas gl Campyw o GLIBIL Sl iagh
L s ool o oyl (3 S b e B it ol gl 53,5 Jee it 35 5
5 (Mariano et al., 2010) ,Ken 4 5L,k (Sibiko et al., 2013) S Slalllas ol
9 YU e diieds 5y0liS i 4,0 )b Jlyen (Javed et al., 2010) ) San 4 o
LUl gl Caspppw 4155 o pols Ladllae gols 3 5 Conl jide (pde la)loe oS
<l (Sabouhi et al., 2010) ) Ken 5 (>gmo Sldllas ols b a5 axsly & LT L cuto
«hyl> (Hossain and Rahman, 2012) ks, 5 s o (Bhatt and Bhat, 2014) <l
Bpas g CuiS 3 (ng Slagbyy 9w lacsygld jlosliul it Uy Jdsa .l Sloen
Jea! g (Yuya, 2014) Lg (Nguyen, 2014) -6l Oldlles guls b pols dalllas ¢ 5 Fons
256 oy yshaieds o lalad Slaw yuite .Cuwl gunen (Ahmad et al., 2002) o Kon o
3 ooy Slabad dlaws 3 YUl oas a8 )5 S b s 3 gl (SuSTy 5 (S LSS



...... 6.9 &TJS Bx )‘v\fj}" (_Sbﬁw}ﬁ

S eslitel Lulpd (65,0l slaome; (Sl bg awth (o 0 1) baiie (Rl ac)pe
il bl gloanie ol al ol @8 g hsliS SVl o )bl (g slacsysld
2 S 5 ey JS 4 Olabad i G pite ke 56 290 alp Jpuanee il
5 Llgule (Nguyen, 2014) ;651 (Seyyedan, 2006) ;i cllas gl b 23 o1,
Oliylss oyl céllas (Rahman, 2008) ks, 5 (Manjunatha et al., 2013) ., Ko
slacld ajanS 5 doeds pbxl 5y Cupde b alg o (g5y5liS lgal 5 9815 Sl
» ohg Gedle ) 9p8 b Sl g9y (sutils g (ly; SV g culby U cudls
Wlas b cpl sl auily (wlie 2B » cute 13U sl ) g9y Lo &5 Jguab
el oen )l caslles (Beshir et al., 2012) o) Sen g puidy ddlllas gl b o ol
59 O 5 (AT 2 S g (g —(sbigel lreygd > 85 L olipsliS & g0
5,8as Linli8l coly 5 Wodles (653, 350 0 (8 IS g SV guase CuiS 0556 o)l
b pols dallas ) pubde (1S » it ol Cute il S Jos of3pslsS” b 5 ST g
554l 5 (Yuya, 2014) Ls, (Sabouhi et al., 2010) ), 5en 5 >omo Slallas gl
e s Gy S e 30 5l )b 2al)3 45 59,0,z 3yl lyseen (Ogundari, 2013)
F ol lSaloyw by (Spae )b Spo S5 cute blijl 05l (g5)5lis 5w )
2 e ol it 6 A8l aisl ol 5 (B DS b e b5l b (55y5ldS ik
Yue and ) bggw ¢ 95 <(Geta et al., 2013) ., Ken ¢ LS Sldlas guls b wbie o)
sl guon (Coelli et al., 2005) |, Ken 5 b5gS o (Asefa, 2011) lawl (Sonoda, 2012
gl p 40530 ()5 Y guanme CulS £55 b oy pl axllle Blial (it | S L
15 salss @l o ol wslsl )3 a8 Canl gy TS
CulS £985 gaws dslome (sl S po g8l LAl Il S 55 5ty 4 A5 len
aws ll g 55se8 il L sl oyl ovse Mie & sl oad 43S oy £)le
03940 g Wb o (BB il 55 pe3 9 CulS g9 GRS L Sy g Rl ¢ 2ly) Y e
s huwgie &5 M3 o Ll Spe oyl (RSl dule @l Cwl S g jhe G
9 +IAY s o (a8 g iy 45 g DAY adllas 390 4550 VA- )3 55 aS L
acyio Vo8 adllas 3y90 dsyie YA+ 5l copimman wCal HIVVF 5 o] olulisl Glpsol g s
(0lee J) JSasS) ol 55 Gl 4050 V¥ 5 (06S0he goln 5 5 5)55) YU g5 sl
b Jlaine 5 Cue b)) ayie (ol SV g CulS g9 it F Jodo uls (olul 2 g

¢)



\"' ZJL«J “" de gw‘,sjd})‘gw ém‘

e I 9 Cantl Sy (g oS Ol e QLTL (Grecr Jy e g (e g (B IS
SIS b s Y ganme CuiS g9 pte Cate b3 4 bgye s Cunl de i o )3 CulS g4
{Ogundari, 2013) (5,55, (Nguyen, 2014) oS! Cldlas s b ol ddlas 8
2Ll (Tsoho et al., 2012) l,\Kea 5 520w 5 (Rabirou et al., 2012) l,Sen 4 95l
5 555 9 (Rahman, 2008) b, (Asefa, 2011) lawl (Ayaz et al., 2011) I, Keng
B b S g9 cute byl 4 by wwls 4 (Coelli and Fleming, 2004) Ki.ols

Oyl cisllas (Wu and Prato, 2006) ¢y ¢ 99 adlles ol b wlide

215 52 135 51 allie owy 4D S (Famw,S s (56591 3,90 0 G -FJgus

oL 9 (Y o ¢
oole 21, e 21, B .
o)l copms  toyll  cupme  togld  cyme =
Y -IyYY VAY L YeYTE as® s Cas s 455
AYZ -/¥Y YN NET Y W (s b o) el sy e o s
VIAY [-AQ* \7n SERERYAVN SA /AT VAR R (YL 5 wled) lpls Canp por Mpasss
.......... VvE <[-av \lAai [ \A Syl S 69y whew
SATA ANV EE 2 S 1/ RUREY RS ) S /T SR Y as e il )l sl
VY /- 08 V/EN </+AY V/ov -[-¥] 9P~ sbjgel (slmoygd
V/a¥ AR R V7 S PL. Y SR /A -Iyys $5y9biS Slgal g 46815 Sl
.......... A2t R R R/ SR w03 1 alold lawgie
SVAY = NAETE YA N0 Ve = VYT ssbeasS e JS 4 clabad 3l (o)
V/¥E A VIA ART-S 7 R R ORI
VYR —)ea -V/oy AT Y] S A RN M5 oo
Vo 1+¥A At AR ANS o[-0 Taws 5l Lo pe
YA+ YA+ YA+ Slaalie slass
\/Anl A olovs (Log likelihood) slecas s oo,

YYANY (o /v )

(LR Chi%)  Jleicas ;s o
VIOIYY (+fov2)  AYY/AY (+/+++) ( ) leicans

alpe oled Glojen (39 b0

Db slaasl sl Loy s gaw )3 (3 gime T oy 03 aw > (> gime

¢y



...... 6.9 &TJS Bx )‘v\fj}" (_Sbﬁw}ﬁ

Wdloindey g (55 4ot
g Lodles a5 )9S (s> (A5 ) > Mg yl) Cueal 4 a2y L
il g gy B |y ol aalllas el (65905 o 15 LIS G131 sl )3 s pa0l
22 OHS3 iliseo gloailfo s g Sblaul s jed ol LS9 psliie 5 Gape (B 2L
S 6554 5 (DEA) bodls gy oo 2,809 b 5 <ol g5 (185 15T L Ll
WA JooSS L g (olad ganail () 4 5l 3)90 oMbl g 485 &0 Syl (Saw S
hE Sle &S 0 s adllas zols .l ol (6yelxen WWAA-AR ely5 Sl ) doliinn
S8l s 559l do > FY g duo)d A/ g AV/D VAN i g cwlide g (D pde o S
sy oliie ) o> 03jl93 oS g (ialS 03]k > o> YO (plile & a3l 033l
g ol yuln Bpae o o Jlaidy oplplh S o Cullid ((ulde 4 Cund ol 02jL)
Sy a3y 83900 (l3pltS el g a3l bl 5o adg el ol
w0550 WA oS se (955l g5 pasls alre @l (sl 2 comipan 3l caslio ool
b &5 hl> de30 V¥ 5 (0Sle (olume 9 55,5) YL 95 (Sl de 50 107 cadllas 550
ly 52 oleidy g (Foem)S) o sl oll y dg (ke J) 5S2s9)
2950 Q) )9S g adlate 1]j)sliS” (Jamecinj g (eloinl (olail Cundg S0
Copde oath 2yl o lgieds deyje aw 3 (£)) SV gae i g55 4 25 bV
Y g lp )l alps j Sluebll g (oo (npin JBjd Ll Jlis )5 0)bbee
b LSS g dpunly py o blie Cupde o yaly pedi pEe dS Conl Al (g5y5liS
235 g el g 3 ol Gy 5 4Ll sl p5Y LBl g 355 09 axgi onidl
e g > (ohy; SV garme S £95 3pmly (gme)) 55X dygly B elul 2 V7
B 2L e g cute bl (65,0l 456 9 (g —obigel (slaoygd > S i
5 e s 2 L hiine g Cute b)) 5B sy S uass g pde
3900 S92 <o) &5 A9 Mo 8 oS i) cliwly 0 cqpep! ol ansly wlie
sy OlngltS 5 lagpe Sl plaie (objgal (slaoygd 1> oS 20 o daitiy gi Joloe JS
5 ol glogbigel 55 5 Olsx (ingltS 4 Wil )by g heggy el Jlazl
docslon g @bl b oyl hg) g 5k g5 «udlS caslio loj g Uboy b bloyl o (62,8

AN



\"' ZJL«J “" de gw‘,sjd})‘gw ém‘

4 BigdS ofgh 9 (35 Pluw plo g 9)Sue g 9)Sle sadeS 5l @Bgeds 5 gono odliul
P9 B)S 000 ()5 OV gaze CuiS (sjluggiia

5 iyt atd oS b o tae g ite bloyl ool colebas Sl ctalllae (slaazily olul , ¥/
)‘ u_uou u.bLo ool 09 o dol)] L;..\ASI)J 9 .)l.:) Slalad oliss l)J) c.))‘.) ..\...]9; U»LM
GRS 5 65,0k SV Topile ] Cglla edlizul pis ol (ggp M S LB )
5 ilearlSe ly placusb 3l (G5 el )3 gyl 1 g )l Lo
Sy ol g (29)5 cylld 4 Bagds plai (LS (8 0aSTy 905 5l 6 pS s>
Db o ol Mg (9l

oS 3900 ey (b LS b (655l @lgdl g 46815 Sl cute bl 4 angi LV
by 53 p3Y (50l g 098 plonil (65y5liS” SV Iopble s 50 (s ytt (6 HS Loy
2yS Oyge g)lie 355 0jle sl (e las]

4 29 g0 oty cpliie g pde LIS g 4syie Sl S salpy e Ll 4 aeg LV
(oS Caogd a8l las el) Y gane S oliael ) ialiEl gl canlio (sladise;
Y gas doy B j S Caby daosles gy el Jud jl Sed e slalpl 3,8
‘J.Jy C;l)bb'm L’).Lo] U“’l’ » 05)4:_ U 35.\» n,.ml)é OT );LL» 9 W‘“"“‘"" ‘\")L’)“*W 4>y Lglb.c]
Vgame 35 olipgliS e e 008 5 gl 9 Wl SRl ladise;
29wl )3 (g5)9liS

&l

1. Abdeshahi, A., Taki, M., Golabi, M.R. and Haddad, M. (2014). Investigating
the energy efficiency of wheat crop using DEA (a case of Mahyar Plain in
Shahreza, Iran). Agricultural Economics, 7(4): 57-74. (Persian)

2. Abdpoor, A., Asadabadi, A. and Shabnali Fami, H. (2017). Analysis of
factors affecting date production efficiency in Bam County: with DEA
approach. Iranian Journal of Agricultural Economics and Development
Research, 48(3): 507-518. (Persian)

3. Ahmad, M., Chaudhry, G.M., Igbal, M. and Khan, D.A. (2002). Wheat
productivity, efficiency, and sustainability: a stochastic production frontier

123



2D IS gl 5o

10.

analysis [with comments]. The Pakistan Development Review, 41(4): 643-
663.

Ahmadi, K., Ebadzadeh, A., Hatami, F. and Kazemian, A. (2020).
Agricultural Statistics of 2018-19: Crops (Volume 1). Tehran: Ministry of
Agriculture-Jahad (MAJ). Deputy Minister of Planning and Budget, General
Directorate of Statistics and Information. (Persian)

Ajabshirchi, Y., Taki, M., Abdi, R., Ghobadifar, A. and Ranjbar, I. (2011).
Investigation of energy use efficiency for dry wheat production using Data
Envelopment Analysis (DEA) approach; case study: Silakhor Plain. Journal
of Agricultural Machinery, 1(2): 122-132. DOI: 10.22067/jam.v1i2.11360.
(Persian)

Alemdar, T. and Necat Oren, M. (2006). Determinants of technical
efficiency of wheat farming in Southeastern Anatolia, Turkey: a
nonparametric technical efficiency analysis. Journal of Applied Sciences,
6(4): 827-830.

Asefa, S. (2011). Analysis of technical efficiency of crop producing
smallholder farmers in Tigray, Ethiopia. Munich Personal RePec Archive
(MPRA). Available at https://mpra.ub.uni-
muenchen.de/40461/1/MPRA_paper_40461.pdf.

Banker, R.D., Charnes, A. and Cooper, W.W. (1984). Some models for
estimating technical and scale inefficiencies in data envelopment analysis.
Management Science, 30(9): 1078-1092.

Benin, S., Smale, M., Pender, J., Gebremedhin, B. and Ehui, S. (2004). The
economic determinants of cereal crop diversity on farms in the Ethiopian
highlands. Agricultural Economics, 31(2-3): 197-208.

Beshir, H., Emana, B., Kassa, B. and Haji, J. (2012). Economic efficiency of
mixed crop-livestock production system in the North Eastern Highlands of
Ethiopia: the stochastic frontier approach. Journal of Agricultural
Economics and Development, 1(1): 10-20.

¢0



\"' ZJL«J “" de gw‘,sjd})‘gw ém‘

11.

12.

13.

14.

15.

16.

17.

18.

19.

Bhatt, M.S. and Bhat, S.A. (2014). Technical efficiency and farm size
productivity— micro level evidence from Jammu and Kashmir.
International Journal of Food and Agricultural Economics (IJFAEC), 2(4):
27-49. DOI: 10.22004/ag.econ.1908009.

Bjurek, H., Hjalmarsson, L. and Forsund, F.R. (1990). Deterministic
parametric and nonparametric estimation of efficiency in service production:
a comparison. Journal of Econometrics, 46(1-2): 213-227.

Boreimnejad, V. (2006). Factors affecting the technical efficiency of wheat
farmers in Qom province (using a combined boundary-random model and
path analysis). Journal of Agricultural Economics and Development, 14(53):
23-38. (Persian)

Brookfield, H., Padoch, C., Parsons, H. and Stocking, M. (2002). Cultivating
biodiversity: understanding, analysing and using agricultural diversity.
ITDG Publishing.

Cechura, L. (2010). Estimation of technical efficiency in Czech agriculture
with respect to firm heterogeneity. Agricultural Economics, 56(4): 183-191.
Charnes, A., Cooper, W.W., Rousseau, J.J. and Semple, J. (1987). Data
Envelopment Analysis and Axiomatic Notions of Efficiency and Reference
Sets. CCS Research Report 558 (Austin, Texas: University of Texas,
Graduate School of Business, Center for Cybernetic Studies, Austin, Texas
78712).

Coelli, T. and Fleming, E. (2004). Diversification economies and
specialisation efficiencies in a mixed food and coffee smallholder farming
system in Papua New Guinea. Agricultural Economics, 31(2-3), 229-239.
DOI: 10.1111/j.1574-0862.2004.tb00260.x.

Coelli, T.J., Rao, D.S.P., O'Donnell, C.J. and Battese, G.E. (2005). An
introduction to efficiency and productivity analysis. Springer Books. DOI:
10.1007/b136381.

Cooper, W.W., Seiford, L.M. and Tone, K. (2007). Data envelopment
analysis: a comprehensive text with models, applications, references and
DEA-solver software (Vol. 2). New York: Springer.

1)


http://dx.doi.org/10.22004/ag.econ.190809
http://dx.doi.org/10.1111/j.1574-0862.2004.tb00260.x
https://econpapers.repec.org/scripts/redir.pf?u=https%3A%2F%2Fdoi.org%2F10.1007%252Fb136381;h=repec:spr:sprbok:978-0-387-25895-9

B 2D S laadl e

21.

22.

23.

24,

25.

26.

217.

28.

. Dadmand, F. and Naji-Azimi, Z. (2018). The application of fuzzy DEA in

evaluating the efficiency of wheat production, case study: Torbat-e
Heydarieh County. Journal of Agricultural Economics Researches, 10(37):
87-110. Awvailable at http://ensani.ir/file/download/article/1538567021-
10006-300.pdf. (Persian)

Di Falco, S., Bezabih, M. and Yesuf, M. (2010). Seeds for livelihood: crop
biodiversity and food production in Ethiopia. Ecological Economics, 69(8):
1695-1702.

Emami Meibodi, A. (2005). Efficiency and (in theory and practice)
productivity measurement. Second Edition. Tehran: Institute for Trade
Studies and Research. (Persian)

Esfanjari Kenari, R. (2011). Economic study of industrial units for laying
poultry. Thesis for the Master of Agricultural Economics Degree, Faculty of
Agriculture, Shiraz University. (Persian)

Farrell, M.J. (1957). The measurement of productive efficiency. Journal of
the Royal Statistical Society: Series A (General), 120(3): 253-281.

Ganji, N., Yazdani, S. and Saleh, I. (2018). Identifying factors affecting
efficiency of water use in wheat production, Alborz province (data
envelopment analysis approach). Iranian Journal of Agricultural Economics
and Development Research, 49(1): 13-22. (Persian)

Garshashi, A. and Dadashi, S. (2015). The comparison of technical,
allocative and economic efficiency of wheat in Iran; with emphasis on the
period 2000-2009. Agricultural Economics and Development, 23(2): 75-112.
DOI: 10.30490/aead.2015.58993. (Persian)

Geta, E., Bogale, A., Kassa, B. and Elias, E. (2013). Productivity and
efficiency analysis of smallholder maize producers in Southern Ethiopia.
Journal of Human Ecology, 41(1): 67-75.

Gotaszewski, J., van der Voort, M., Meyer-Aurich, A., Baptista, F.,
Balafoutis, A. and Mikkola, H.J. (2014). Comparative analysis of energy

1A%



\"' ZJL«J “" de gw‘,sjd})jw ém‘

29.

30.

31.

32.

33.

34.

35.

36.

37.

efficiency in wheat production in different climate conditions of Europe.
Journal of Agricultural Science and Technology B, 4(8): 632-640.

Greene, W. (2004). Fixed effects and bias due to the incidental parameters
problem in the Tobit model. Econometric Reviews, 23(2): 125-147.

Greene, W.H. (1999). Frontier production functions. In: Handbook of
applied econometrics (Vol. 2: Microeconomics), pp. 75-153.
Haghighatnejad, M., Yazdani, A. and Rafiei, H. (2014). Comparison of
efficiency and productivity indexes in industrial dairy farms: a case study of
Isfahan. Journal of Ruminant Research, 1(4): 177-194. (Persian)

Haji, J. (2007). Production efficiency of smallholders' vegetable-dominated
mixed farming system in eastern Ethiopia: a non-parametric approach.
Journal of African Economies, 16(1): 1-27.

Hoang, V.-N. and Coelli, T. (2011). Measurement of agricultural total factor
productivity growth incorporating environmental factors: a nutrients balance
approach. Journal of Environmental Economics and Management, 62(3):
462-474.

Hossain, M.E. and Rahman, Z. (2012). Technical efficiency analysis of rice
farmers in Naogaon district: an application of the stochastic frontier
approach. Journal of Economics and Development Studies, 1(1): 1-20.
Javed, M.1., Adil, S.A., Ali, A. and Raza, M.A. (2010). Measurement of
technical efficiency of rice-wheat system in Punjab, Pakistan using DEA
technique. Journal of Agricultural Research, 48(2): 227-237.

Karimi, F., Pirasteh, H. and Zahedi, K.M. (2009). Efficiency determination
of wheat farming with regard to risk and time factors using interval DEA
and window DEA. Agricultural Economics Development, 16(64): 139-159.
(Persian)

Kazemi, M. and Nikkhah Farkhani, Z. (2010). Application of Data
Envelopment Analysis in measuring and analyzing relative efficiency of
wheat cultivation: case of Razavi Khorasan. Journal of Agricultural
Economics and Development, 23(2): 87-95. DOLl:
10.22067/jead2.v1388i2.2535. (Persian)

EA



2D IS gl 5o

39.

40.

41.

42.

43.

44,

45.

. Kisaka-Lwayo, M. and Obi, A. (2012). Risk perceptions and management

strategies by smallholder farmers in KwaZulu-Natal province, South Africa.
International Journal of Agricultural Management, 1(1029-2016-82245):
28-39.

Kremen, C. and Miles, A. (2012). Ecosystem services in biologically
diversified versus conventional farming systems: benefits, externalities, and
trade-offs. Ecology and Society, 17(4): 40. DOI: 10.5751/ES-05035-170440.
Lin, B.B. (2011). Resilience in agriculture through crop diversification:
adaptive management for environmental change. BioScience, 61(3): 183-
193.

Madala, H. (1984). A new harmonical algorithm for digital signal
processing, ICASSP '84. IEEE International Conference on Acoustics,
Speech, and Signal Processing, San Diego, CA, USA, 1984, pp. 248-251,
DOI: 10.1109/ICASSP.1984.1172393.

Maganga, A.M. (2012). Technical efficiency and its determinants in Irish
potato production: evidence from Dedza district, Central Malawi. African
Journal of Agricultural Research, 7(12): 1794-1799.

Manjunatha, A., Anik, A.R., Speelman, S. and Nuppenau, E. (2013). Impact
of land fragmentation, farm size, land ownership and crop diversity on profit
and efficiency of irrigated farms in India. Land Use Policy, 31: 397-405.
Mardani, M., Sargazi, A. and Sabouhi, M. (2013). Determination of the
efficiency of Sistan wheat farms using incorporation optimization model
with degree of conservatism control parameters and data envelopment
analysis (RDEA). Journal of Agricultural Economics and Development,
27(3): 180-187. (Persian)

Mariano, M.J., Villano, R. and Fleming, E. (2010). Are irrigated farming
ecosystems more productive than rainfed farming systems in rice production
in the Philippines? Agriculture, Ecosystems and Environment, 139(4): 603-
610.

€9



\"' ZJL«J “" de gw‘,sjd})‘gw ém‘

46.

47.

48.

49.

50.

51.

52.

53.

54,

Masuda, K. (2016). Measuring eco-efficiency of wheat production in Japan:
a combined application of life cycle assessment and data envelopment
analysis. Journal of Cleaner Production, 126: 373-381.

McCord, P.F., Cox, M., Schmitt-Harsh, M. and Evans, T. (2015). Crop
diversification as a smallholder livelihood strategy within semi-arid
agricultural systems near Mount Kenya. Land Use Policy, 42: 738-750.
Mehrghan, M.R. (2004). Quantitative models in the performance of
organizations. Tehran: University of Tehran Publication. (Persian)

Meng, E.C.H., Smale, M., Hu, R. and Huang, J. (2003). Wheat genetic
diversity in China: measurement and cost. In: Agricultural trade and policy
in China: issues, analysis and implications, pp. 251-267. Ashgate.
Mohammadian, F. and Sam-Deliri, A. (2020). Economic analysis of wheat
production efficiency in Kermanshah (case study: Ravansar-Sanjabi area).
Iranian Journal of Agricultural Economics and Development Research,
51(3): 429-441. (Persian)

Molaei, M., Hesari, N. and Javanbakht, O. (2017). The estimation of input-
oriented environmental efficiency of agricultural products (case study:
environmental efficiency of rice production). Agricultural Economics, 11(2):
157-172. (Persian)

Mousavi, S. and Khalillian, S. (2005). Evaluating technical efficiency factors
of wheat production. Journal of Agricultural Economics and Development,
13(52): 45-60. (Persian)

Nguyen, H. (2014). Crop diversification, economic performance and
household behaviour: evidence from Vietnam. SSRN Electronic Journal.
DOI: 10.2139/ssrn.2503210.

Ogundari, K. (2013). Crop diversification and technical efficiency in food
crop production: a study of peasant farmers in Nigeria. International Journal
of Social Economics, 40: 267-287. DOI: 10.1108/03068291311291536.


http://dx.doi.org/10.2139/ssrn.2503210
https://doi.org/10.1108/03068291311291536

2D IS gl 5o

56.

57.

58.

59.

60.

61.

62.

63.

.Pal, S. and Kar, S. (2012). Implications of the methods of agricultural

diversification in reference with Malda district: drawback and rationale.
International Journal of Food, Agriculture and Veterinary Sciences, 2(2):
97-105.

Rabirou, K., Ayanwale, A.B., Idowu, E.O. and Williams, S.B. (2012). Effect
of rural transportation system on agricultural productivity in Oyo State,
Nigeria. Journal of Agriculture and Rural Development in the Tropics and
Subtropics (JARTS), 113(1): 13-19.

Rafati, F., Azarinfar, Y., Zad, M., Barabari, A. and Kazemnejad, M. (2011).
Technical, allocative and economic efficiency of cotton growing farmers in
Golestan province: case study of Gorgan. Agricultural Economics Research,
3(9): 121-141. (Persian)

Rahman, S. (2008). Determinants of crop choices by Bangladeshi farmers: a
bivariate probit analysis. Asian Journal of Agriculture and Development,
5(1362-2016-107694): 29-41.

Ramanathan, R. (2006). A multi-factor efficiency perspective to the
relationships among world GDP, energy consumption and carbon dioxide
emissions. Technological Forecasting and Social Change, 73(5): 483-494.
Sabouhi, M., Khanjari, S. and Keykha, A. (2010). Studying efficiency of
water use in Sistan greenhouses. Agricultural Economics, 4(3): 91-102.
(Persian)

Seyyedan, S. (2006). Investigation of technical efficiency of sugar beet
producers and factors affecting its decrease: a case study in Hamedan
province. Journal of Sugar Beet, 21(2): 137-150. (Persian)

Shirvanian, A. and Zad, M. (2005). Determining the technical, allocative and
economic efficiency of wheat farmers and the factors affecting it in the
warm climate of the country according to the dominant cultivar in this
climate. 05th National Conference of Agricultural Economics, Zahedan.
Available at https://civilica.com/doc/49788. (Persian)

Sibiko, K., Owuor, G., Birachi, E., Gido, E., Ayuya, O. and Mwangi, J.
(2013). Analysis of determinants of productivity and technical efficiency

o)



\"' ZJL«J “" de gw‘,sjd})jw ém‘

64.

65.

66.

67.

68.

69.

70.

71.

among smallholder common bean farmers in eastern Uganda. Current
Research Journal of Economic Theory, 5(3): 44-55.

Smale, M. and King, A. (2005). Genetic resource policies: What is diversity
worth to farmers? IFPRI Policy Briefs/International Food Policy Research
Institute, pp. 13-18.

TCCIMA (2019). Total import and export statistics to the Islamic Republic
of Iran (Customs - Country - Tariff). Tehran Chamber of Commerce:
Industries, Mines and Agriculture (TCCIMA). (Persian)

Tsoho, B., Omotesho, O., Salau, S. and Adewumi, M. (2012). Determinants
of technical, allocative and economic efficiencies among dry season
vegetable farmers in Sokoto state, Nigeria. Journal of Agricultural Sciences,
3(2): 113-119.

Wang, X.-y. (2010). Irrigation water use efficiency of farmers and its
determinants: evidence from a survey in northwestern China. Agricultural
Sciences in China, 9(9): 1326-1337.

Winters, P., Hintze, L. and Ortiz, O. (2006). Rural development and the
diversity of potatoes on farms in Cajamarca, Peru. Washington, DC, USA:
CABI Publishing.

Wu, S. and Prato, T. (2006). Cost efficiency and scope economies of crop
and livestock farms in Missouri. Journal of Agricultural and Applied
Economics, 38(3): 539-553.

Yue, B. and Sonoda, T. (2012). The effect of off-farm work on farm
technical efficiency in China. Working Paper, Nagoya University. Furi-cho,
Chikusa-ku, Nagoya, Japan.

Yuya, B. (2014). Comparative analysis of technical efficiency of smallholder
irrigated and rain-fed farm production: the case of Girawa district, Oromia,
Ethiopia. Journal of Agricultural Economics, Extension and Rural
Development, 2(5): 054-062.

oY



