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Abstract

Introduction: The use of imported versus trout eggs has been a major
challenge in trout farming in Iran., which mainly arises from the average
lower feed conversion ratio (FCR) of the imported trout species compared
to lranian egg. However, the imported eggs are significantly more
expensive and cannot be supplied permanently, Because of sanctions. This
import problem is a threat to food security and farms' production. The
main aim of this research is to compare the performance of propagation
and hatchery trout farms in Mazandaran province of Iran using domestic
versus imported (or both) trout eggs. Also, identification of the effective
factors to enhance their economic efficiency.

Materials and Methods: In this study, the concept of economic
efficiency in the DEA model is employed in all propagation and hatchery
farms of Mazandaran Province (25 farms). The present study collected the
required data on the production, input of the farms in Mazandaran
Province using questionnaires in 2018.

Findings: The findings revealed that the identified farms almost made the
appropriate use of their inputs; So that the average technical efficiency
among them is 87%. However, allocative efficiency was the main
distractive factor in the farms; Thus, the average economic efficiency of
them is low and about 43%. Also, the average economic efficiency in
propagation and hatchery farms (including complete dependent farms in
imported egg) is 47% and 37%, respectively.

Conclusion: Changing the production structure in total dependent
hatchery farms of Mazandaran to only propagate or hatch and propagate at
the same time can be advisable. Moreover, the reduction of feed prices and
labor cost is another solution to ensure economic efficiency and
sustainable food security in this province.
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Extended Abstract

Introduction

Rainbow trout protein of concentration high a has
(1). Iran is among the pioneers in farming rainbow
trout and other species (2, 3).

Imported trout eggs in Iran are more expensive and
less available than domestic eggs. Also, the average
FCR of foreign eggs is less than Iranian eggs.

In 2018, Iran produced a total of 180 million trout
eggs, nearly 33% of which were produced in
Mazandaran. Farms in this province have 14
million of the total 246 million imported trout eggs
in Iran. (3). Furthermore, Mazandaran produces
almost 15 thousand tons of mature trout per year
and accounts for 8% of farmed trout output in Iran
(3).

Trout farms operate under one of three types of
licenses. (I) The most comprehensive license
allows the farm to propagate eggs, hatch eggs, and
grow out fry to maturity. Farms with this license
sell mature trout to customers and eggs, fry, and
mature trout to the other farmers. This license
allows the farm to purchase imported eggs from
importers and domestic eggs from other
farms. Farms with such licenses are called
propagation farms (3). (II) The second type of
license allows the farm to only hatch domestic or
imported eggs and grow out fry to maturity. These
farms cannot propagate eggs; they must get their
eggs from importers or domestic propagation
farms. They sell mature trout to consumers and fry
and mature trout to other farms. Farms with such
licenses are called hatchery farms (3). (Ill) The
third type of license allows the farm to buy fry and
grow them to maturity. These farms are not
allowed to handle trout eggs at all. They sell
mature trout to consumers and other farms. Farms
with such a license are called trout farms (3).

This research seeks to compare the efficiency of
hatchery and propagation farms in Mazandaran in
2018.

Research objectives:

1-Comparing the performance of propagation and
hatchery trout farms in Mazandaran province of
Iran using domestic versus imported (or both) trout
eggs.

2-ldentifying the effective factors to enhance their
economic efficiency.

Materials and Methods

We used the DEA approach to calculate technical,
allocative, and economic efficiency of the
propagation and hatchery trout farms in
Mazandaran, Iran.

In this study, the return to scale model was
considered to be fixed based on the CCR model; in
other words, to maximize efficiency, the input was
assumed to be fixed while the output was

maximized (5) since inputs are more controllable
than production in agriculture and aquaculture (6).

Findings

The average technical efficiency among
propagation and hatchery farms is 87%. Also, the
average economic efficiency of them is low and
about 43%.

Economic efficiency in most of the farms is
inelastic to diesel fuel and electricity price
reduction. Furthermore, the most important
problem that leads to inefficiency is the cost of fish
feed, imported eggs, and wages, respectively.

Discussion

The findings revealed that propagation and
hatchery farms almost made the appropriate use of
their inputs. However, allocative and economic
efficiency were the main distractive factors in the
farms.

Conclusion

The study employed the DEA approach to calculate
the efficiency. The findings revealed that
Mazandaran province had 13 farms with
propagation license and 12 farms with hatchery
license.

Changing the production structure in total
dependent hatchery farms of Mazandaran to only
propagate or hatch and propagate at the same time
can be advisable. Moreover, the reduction of feed
prices and labor cost is another solution to ensure
economic efficiency and sustainable food security
in this province.

Labor costs can be reduced by replacing the human
labor with capital-intensive technology. Many tasks
on the fish farms are time-consuming and can be
replaced with technology. For example, trout eggs
are counted by hand; hence, automated egg-
counting machines can be used on the hatchery or
propagation trout farms

Ethical Considerations
Compliance with ethical guidelines
All subjects fullfill the informed consent.

Funding
No funding is used in conducting current research.

Authors' contributions

Design and conceptualization: Hiva Asadikia,
Seyed Habibollah Mosavi, Sadegh Khalilian and
Hamed Najafi Alamdarlo; Methodology and data
analysis: Hiva Asadikia, Seyed Habibollah Mosavi;
Supervision and final writing: Hiva Asadikia,
Seyed Habibollah Mosavi, Sadegh Khalilian and
Hamed Najafi Alamdarlo.

Conflicts of interest
The authors declared no conflict of interest.



Economic Efficiency Analysis of Cold-Water Fish Production Based on Self-Reliance on Domestic or Imported Eggs

Acknowledgement Organization for provision of useful information
We thank Dr. Hodeis Abbasi Ghadikolaei, and data

Dr.Masoud Fehresti-Sani, Trout farmers in

Mazandaran province of Iran, lranian Fisheries



\Feo sl &wboyg

VYEA-VEYY 1 Sl LLs — Yoo A= £V 2 b Lo

055 g 2 (51358 (bl 3 (o1l pw (ldlo wdgi (3Ll ol ) Julods

Ol ©Id,lg b J&15 03 pui>

T laole siog sals LS 53Lo 7 (Sgmig0 abl o s LS (gtnol g

Ol el oyt ol «(g5y5liS slaidl 69,5 (655 )
Oyl ecilys e pde Cun s ol ¢(gjyaluiS” dlatil 04, 91,1.»;33‘.) Y

oSy i

15 Lol Glolle 1 Ss )lgan ool Ll g5 g lie )3 5l ly e3jenin 35 5l odlitl 1B ¢ desie -
Foml @liE s cops 5:Sle 32 Ale cnl bl Lol Jele sl o3 ol o YIS g sl
Vb e & Gl 025t Cuad Jlo ol b sl S5 005105 £ & G S0y 0djpiresS
adllas ul Gan 3 1855 I Coial 5 455 (5l Sl 55 35 O (Setod el pas Jlail g ey
Jelse Ll 5 (315 £95 0 iS5 g l3e b (25 0djmtin e ind by &ilje g3batl IS anslie
anols 4JS oy 53 bosls iy oo by 5 oabaidl LS poge il cadlae ool o il gy g Slge

@ bgye Cledbl g ad oolinal (hasjle il (4550 YO) (95— )8 9 Ghign —3855 jeme b g)l3e
035 yglaes WAV Jlo 55 el yiaw yr JuoSS g (e cliing b cladgi g moslys

oS 5 ysbds 5, 365 155 clbodles 5 Lomlio (6B p0pte Ly HsSio (sl s i Lobol il Bl
bl o conl oanass B 3 gilie (ol plos Jb cul b ol 0o AY gl 3 (3 (28 il
3 lal LS Sile Critmed .35 doyd FY dgas 1 9 Sl bl (oolaidl S Sle b ok Covgo
MelS gl50 ol pgn —gesdi jeme sl ilie slp 9 oy TV hyem iS5 e s )50 o
il ge oy YA S5)lg 03 jpuin m50 03lgs 4y Ay

b s ool ol sty By cllo 31 il ol gl g5 il s ull 38 A g Gy
Ol 3 48k dnogs BB Wi (2)B g (3D g plejen hyen 9 ST JBlas b (JS iS5 kb G
@S e S 550 ol ol 4 3 s A 5 (ol STt e ool b als adlls
A5 lolid e el (o)l o 5 coolal

C61, Q22:JEL guuaib :

VBVl s A U
VYN 1y g,
IRERACS TR P

OSlgs g Sl (gl 353 olwd
358 odlil Ml g 4 Alio

-

EanEE

(=]

L A

Doi:
10.30495/jae.2022.28431.2259

H5S sWojly

b BB gy g BN ST
oliel (Bl g by edjeiznss VI JE
osls (g J.J?o ‘Lf;")lf ‘OI)AJ‘)'[&

Sywgo @lw S :J’i&-ﬂw DM’-; *

Ol RS (mpte Gy oI ¢ y5liS” dlaibl 04,8 3 SLLS

SVAYAYAY VA 2005

shamosavi@modares.ac.ir : Sug ySJ! Cow


mailto:shamosavi@modares.ac.ir

Ol sl b J515 035 puiy 6595 Wgi w1 T 395 Lwlwl g 15 s lile algi (eLaiBl 01,5 oo

doddo

5 3455 (1) Cel oo by linle G > oBin S5l @lie ) (Su lgie 4 Rainbow Trout) les’ (5, Y133
3 ol 3oy Y8 151 o)l w45 039 05 FEFADY i3m0 4 Yo OA Jloo 33 opopwd g (30 bl o YT 53 Lale Slea (j5y9
Joaze ol cnlnli A7) col olea 53 3dg5 > 5538 VY oy 53 (813 sleel (o8y90 YIS soisS a5 0308550 ol &8l
Gl Conl lyld Hlas 30 ! jeiS” BB, ol 5 slie b3, bled o

3y g5 Jilie 53 (oI5 035minnss odles Liia b o W5 aale cnl Ubygn 23 Sl iy olle 2929 BMs 5 Jlo ool L
il g ashad adie VY& olpl & odjpude 658 Syl ol VWAV Jlo jo (X) Cuol Cmivo opl et (69500 mphe il
055 GBI ag IS a8 a3 ol sl 039y 1 el oaie bl 5 ) (s (sl b bl el b oS lails (sl yguiS
VYo 3 0 (s e 42 Slo (olo 5 b il 0 il e )3 (1) ABlse dabad (gilio VO- (Lol )3 VI3
35 a4 ool g Ll canild slajgiS 1) (2B odjedaess clojly wop £ g I YIS ety 059 Mg oy
Syl 1y \/TJ)B sdlo 055 00l g 51 oYL paw bl Cpl ol ol (f9 ‘_") Caol 02> olais!

it il & bye lgien ) o 3 Mg & s )oaS 4 VI3 eajpdy o35 Slojly ol 3 drg B (g3 IS s
Soml ol i cays 55k 393 e lil bkl ol bl ppe sty YL Cand il OMs o) s yiia
oaize 2lo ul Wy sladza doyd 00l Gl bl 18T )0 Sl 4 e gi b (1) cond (B 95 4 s ()8 0djednnSS

(¥) 25 salgs anlge olhbac)ie Juitol b a3 ale Sgs cladi o piald cow oS ole jo ol pls fewlie auja 4
gl Brae (B plale 4 Cans (g8 GliE i dsS £ 5ok S g Gl 4 (28 g8 VI plale 8]
ipled o oolitnl (J31> g9 jl a5 ABL o )l5e I it ()l godjmaiar 035 il eiSorlitul )l (8 (LS 9500 il ol
sxmd L5 bl ) bl e Cands osilin cpl Mg can p3Y laodlys 4 g (clnosilin pandi  wiyp ply 8 )

(A5 Y) Casl adgs > 00 4 SIS 4y Jalse 4 g5 b A ol (sl Sl g o8 Sy Ul e

O o Slgie e Cypde pis Gjgo 3 (B g 4 Cund (2B 03jpudaeST Cedd (39 YU e cpl Jlie
o3l (& il 150 (papass bl oy so o 4 g0l 3 45 20,5 Sbo)lg ool g5l eaSedlisel )30 (5 )5l55
sl caby (o 3 bodls u 3 lp s doly S &) dg2g Sloj s parasS (LS AL Aty zf gl5e 5l 58
() 235 ply ol Cad b odlgs G yme 5l Juols 034381 45l a5 sl

oS sl (oobatdl G5 K05 s 4 b g 2L £ 90 ol Wl lie 3 (20 o3jptines ool ealitl Sl cpnlis ol b
(Ve 5 A) 25 )8 odlitul 3)90 5 Al o (Sl maeval Cap Calioo

5 ol 05 48,5 050 o 5 555 adlae ol 5 oS w3l e baodls gy b g, 5l eslised ¢ LS elgil dplxe (slats, 5l S
) oolawl b yuioead bl o aade (glrodly jl odlaiwl b pesd ISl g adgi ml ess s i pae < yogy ol 5l edlasl (gbilse
(NW) @85 55 )3 Jae (63959 Sl & ]y Jgame 9 03k iz Olgin 9 0

i W RE-K VY

Olile il )3 (J315 g3 018 155 g )l50 b ()1 03jmdanSS odimd b9 £)lje (3Ll (oS duslia )

P CRE-KEY

Eolso ol (oolasBl SIS odimd dgupy Jolos (slwliis .Y

9 olpl )3 ol (idgy Jdoo cone b bagye Slodl g (role g0 s cuslie (B9 (8L S5 g Baio Sl Jidg Cua
(0] el loly3 (55,3188 Y e (IS asbons 4y bag o lallias 5 ool Lis Ll ol

basye Sladlas (gl (1) sl 5dgiome @lio 503 5 (55)9liS & Cumsd (Syg sl dines 12 L & by Clisis o> Sk |

Sl Jlo (V) 5 ¥+) b plsl VAV 912858 Jlgie Jlugs ,> Leung s Gunaratng buwgs (s sl Gise 5 (2hlS dle &
(YAVY) Wl by iz opl 3 oobadl g panass (S8 oL elgl e 4 Slgl 3 Sldllas 1 an

o IV-1:400 0339 .5 5908 Sl i

_________________________________________________________________________________________________________________________________



Ol sl b J515 035 puiy 6595 Wgi w1 T 395 Lwlwl g 15 s lile algi (eLaiBl 01,5 oo

60355 G (35 (1)) Canl 03y (8 LS oS g 290 p oancsl dime) 0 b 4 bipe Ol T aST
Cuosd 09 Culb (5,8 L) .\J)) fodiliw (So5d Jde 0,8 Sl slatdl gla jisy plo aul 4 d)ﬂ):!d}’.] osu GBSy
S ebpeye s o pa olail L dwlbre p S50 b g e pbsl dgw (g3l ST Bua b ug 5 Cund (Jgamo

(1) 23,5 0 155 (6yglag SRl3El jkaio 4y lodiyjm (EalS o g 35 0 428 A5 dinge a3 laodls
Doyop b iS5 el b Slopw gyl5e (oobasdl LIS auslio 4 oyl jguiS )3 09 4 (ladllae (6L uivs @lodl 4 angi b
Jotze Cledllas )3 gyl30 pl p 35500 b (oolaiBl LIS 5 (o)gps sloodly Cuoid I oo puioed ol B ,0 03 jpuin 650
3 Slaly 93 o b (SIbylg ( B 03jpin w55 03l 4 393 Mgi Al d 15 aS e lie Ll gyt Baiss d Cplpls ol osile

U995 4 L as 30 Yo o83 )50y > fcawl 039 YT I35 odims yoy9 b as 30 YYA s VWAV Jlo 55 o5k bl
L () Slosgy Jomio (2l 5 (1 03jpdinnss ()0 5 (iyon 5 GBI 03jpinnSS piSS culled & dcy50 YV o VI abe
o3l 63 jeui 50 3l 365 (gader Culled 3 ogi A Cuwl o )lie SIS g 3 Slas dunlio p gy i ddllas 80T 4SOl 4 sy
W oayge GleMbl a3 )8 oo sl liwl opl po Y]J)s 03 p55 BAS 1SS g B )9y drely S 1Y S o
il g a5 3,5 (yglaen WAV Jlo el )50 opl 5 4ol piaw p oSS g Sl ©liiing plool b 6 adlas ol plosl e
ol g 2 4 bl il (i ed o 53 355 gy 290 )50 (SASTy ol wal)5 as 50 YO oMbl 4 sl
U995 9 S puiST cudlad b gylie dlaws iy plSS ol b yliw pois wlolcuwy SleMb) ool ol a0l
Ol34jle bl by ghaw 53 035l w85 (1952 9 SIS S0 LB L gyl30 (S8 ) Jgu

48 )50 2lass Ol

v oS5
1 ol
¥ G
Y 055 g
\ o
\ gl
\ ot
vo S e
VAV lige cliins g olyl b olojles rasie
LSS Gl a8 soles oolisiwl odjpuinnsd l Wilg o oolie s oylpl Ml lojls sud pu lyyhe g uiled oliwl
9 B o3jpudanSS Ghign 9 Mg bl b () g8 pilpe ML Ghyen —EE (@9 Uhian — eSS (A lajeme
o3l o 4wl 1y ale gy 35 5 0djenin eSS g ol o e () £ iibion o)y so3jminesS Ghygg lajes
2 oabln (V) US55 4 Gy 9 iS5 e cdimd o plodl 1) 4S5 Slilas a7 e )l50 )3 5)l5 1) 48 )30 )3 03jeder w5 W)y
335 ol a8 (ol (lame bulys g 50 slogsinm )3 (o0 059) 035 yo)l (Slaesd i g Sllas plol Sl g olsl
g b hhas)je pls 4 odjedn laesd doje (ul )3 tisd odjpdnesS 4 it B 203,5 oo () MaSS pdp0 030 5 o]
ahlas)se 4 (g Car ale 4z i alope cpl )3 35 e (o o s 5 gl 4 s g Al 0 L wisd e
sz 595« Sy Ago g0 & il Sl (B imed sy o g8 4 4o )50 0 (Slgn Dygeo 4 e e b 83,5 0 dye S0
(Y4) 85,8 o0 adse ghlie plo 4y B Lide b 050 1S5 ) eolitwl caa dle

7 IV=-9:400 2399 .55 29WeS SbasBl ciliyios

_________________________________________________________________________________________________________________________________



Ol sl b J515 035 puiy 6595 Wgi w1 T 395 Lwlwl g 15 s lile algi (eLaiBl 01,5 oo

i —> 'd

S5 ] 55 0ad 55l 035
(Gow
it 6)5)5
oS SBE i
by Jb jo wse 4 o
A\JLMJBQ
T S S w2 eSS 59,5 3)ls

by Jb jo wse 4 o
LSS

OPrms—9 w

la ol Elgil 5o (259 wma bas a4 Lo dlo e
Recirculation units) (Raceways, Cages,

G:blp
2l Az b9 5 gluls, uf”ﬁ
(S)lgn al> 50 ) e

ol Ghsp e
VI3 (Blo ()9 9 055 S 6 2 ) S
Crespi, and New (2009): xo

T 4095 0 & Gl AYAY Lo 3 Jl)ly o 1 035 oale Sl eslisl g5 bl |y hisle (VI3 by )50
¥ ol pgd 09)5 5jla o (B> 03jmudinnSS (hy95 § piSS 4 S &S Coml (glayjo A ol Jgl 09,5 905 (sa04kd (V) Jga
203 3929 )50 S5 35 pow 09)5 50 W) ()15 0jedanSS (g 9 (IS 0jedandt 2SS Glojer Dygo 4 & Cusl de )
de)ie W ol )l 09)5 Cales p3 imd e (ygn ) ()1 03jmiianS LS «(Slnl 03jpdiand ST (Sl (il 3529 b &5
9ol & Cul glhsyse 30 woxly 095 9 g 1) (2B 0 esd Ll &S Cuul 03jeuianSS ey 5 (5SS Jeiliy b
Al g 03jpidrnsS (B g (2 )1 £ ply odimd S5

VWAVl 53 03 o35 1,19 5 810 03lisusl g5 polaslyy (3l padlo linsl (GYIU3E oud a0 E)130 skl Y Jga

] Sl _
Slrsgs ) 09,5 o £9
el

B g5 oallS S A sl

B g5 ol Syen 9 )l p 5 SBB g eaiS S < ,
¥ P9 OB9x TS e b gl

B g o hyg g

B £ 0k hyg 9 )l

. L e Lsils
S g (2l g5 eximdhygn g )l S ORISR e R L

Yo X e

WAY (uios gloadl 1xiie

\ IV-1:400 0339 .55 59058 Sl s

_________________________________________________________________________________________________________________________________



Ol sl b J515 035 puiy 6595 Wgi w1 T 395 Lwlwl g 15 s lile algi (eLaiBl 01,5 oo

(s 2l leads Jobs il bl o sl odd (Byxe baodhy aiidbgy Judow Jae by yog) g dlge chomd )0 lal pils gaalllas (gasb]
oidls gl 4y oolaidl LS Cowlus o g Slodd po s g a3l)) il cpl 5 03 jeuin w55 iS5 5 Cullad gy £5l50 (golaidl §  panass
ol 433 lool gl (oolasdl LIS iul8l (cly (o ol oyl cas ol o

sy, 9 3190
5 Gl e (5) ol iy 35 &y o nodls s 1 LS ISl ) el 5 sigliS i 2 S 4 2
390 9 <8l b (A) 5 (M5 YY) Sldllas Sl 6550500 b (B UY) yooe (63959 Jdo (i (b8 dulne jglaio 4 (o &Y lgw 4
959 &S Cawl 0l (538 ol s Sl (gl adllas pl 3 Ko jle a4y uwl oddd 00Dy b daldl jo aST 8 S 1)E eolail
Wosles (55 2 S8 ISl g cs !l 5 (6559l a5 53 1y 298 Sl Jpamo g b (298 hllo 53 5 ol (e3Lg))
@hE Mg elie &) Cund juite 9 ol 03l Jao | ekl QL Caa 35S nl 5> Gemen (F) sl jui Mg 4 S

5 oA (8 L Sl 4 dg b 1S dusle 5 (YF) BCC Jae Golly "Galls (5 2S5 (YY) CCR Jao (ollyy (38

O e (Y0) a5 ai)S ks )5 <ol CCR Jao bl 6 Mg wlide 0 035l cinds awlxe plp adlas cpl > (28 o)
A3l (0) b (1) Ly 25 & plysle il )3 YT 38 (S0, 9 60855 )5 38 2

8* =Min® ")
Subject to:

ZiE Ay = Bxg0 vq=1...7 (v)
212:51 AV = Fijo ()
E];‘:sj_}‘jyzj = Yo (%)
A =0 ¥ij=1,..25 )

VI3 025mde5s Ghagn g 5 Ghran —8S5 e b glie 8 S e
YIS o25mdiz s g — s 5 Ghgs ~ iS5 e L &)lje g olitsl 3,90 05 q
Olile il )3 Y38 03556 Sy9m g8 5 Ghg — iS5 e b g)l5e J
rn e hile el 33 YIS 03j0dnss Ghign s 9 Ubagn ~ S e b glje I
. 0
(Sao g)l50) 2L
(o 2590) Bam a5 5 o Bly Jlade g ol deyfo 3 pI odles e Xgjo 9 Xgj
2 ol Bly e g plT 430 1 gy 3090 £330 (6)lg 0 2) 2led Jpame 55 ko
. Yijo 9 ¥1j
[E:RY- d&)}n
Mo g plf as )50 )3 oy )50 E3lie (W58 S 02jpdze?d) 2l Jpamee Mg jlade Yaio s Var
b de e 4D QT 8l 20 572
Pl 40 )50 ) a2 yo degemme 4 bgiye (s A

E)55) o slatoly 5| Ko pn S dulia 5 dlno (sl & il Bl e YU slasglasl (3baiBl i 3
kol odleg Ll ) s (L a3 plgie ) glme as 30 53 odlitl 5y50 ol 0dles slolis (V) alasly b Bellae (cs5bme
asys 3l jS) Gl ilne ayie 3 8 SV gae adye Gliee 55 (F) 5 (1) Laly) (bl (pioman Al jiSarsS B ac )50

(1Y) 5 (¥5) 8) 2l Ban 450 > SV guazxe oyl 2l

1. Pure technical efficiency

______________________________________________________________________________________________________________________________________________



Ol sl b J515 035 puiy 6595 Wgi w1 T 395 Lwlwl g 15 s lile algi (eLaiBl 01,5 oo

b &S Gola opl b conl (8 Sl alie 55 obail LI awlbre (o ad o Ui Ty g3 e dsgetme (yjg o (B) alal,
@ 30,5 o Bls (B7) S5 sximd L yuiie 5 395 0 Sl gy (V) Cudgdome ;D wismed ol djp (il Bl o] Cun
SNl lacudgisme 5 CBua @b deldl 10 ad o Y oleo 3)lg 03l s Jlide pueuad o L b galual oyl 0 5> @ )le

Cawl o 1)) golazdl 1) dnlore

minEgzlpm X Xgjo *)
Subject to:

i < va=i.7 0
L2 vy = va Q)
B2 Yy = Va0 ®)
%4 =0 Vj=1..25 ()

395 ity Jdo ! 5l L sl o wyp <ot o] LS &S ol (glasie p0 pl D edlgs cunid Pajo G, 2 o as
JS e anse wban by ol 00,8 el b oS by daled anwlxe B r(DMU) 1S i Aoy ya Fajo Ao HMde
Jae g odly J1)3 (7) alaly > Bus dcje 4y baye slael glaosly 8ly jolie (ST .cowl s B DMU & (4ly (C Jjo)
W )i jl Supp )3 (HBly djn p Al Al e e 93 s I 398 o0 dsmslone Slumaenal 2ly () 4 bgye (79) (H8ly s
il dole B (DMU) ae 30 o] (oolasil ]S
e

- (™)
s Sl (S eges () (lbas 30 amsly olad 4y ()98 dxrlpo b g (lime 9 &3] Cuad dmodles Byme a4y bogyyo g 3l
S0 S99 ool b p9l3S WAV Jlo sl Al YO oSS 5 olhifle ol )3 Gajgn —gs 5 Ghag —SS
(Y5) 5 (1Y) 1Y) 251 58,5 13 ool 3,50 5
do Jho (3909 Olgie 4 35 p )5 V0 BV o e a3 g (208 g (JED edjplaeSS Cuealyy 03 93 adlllae 1l )3 (izeen
sl a5 )5 L
dy50 b 2955 5 b 635y dlux Jlixe wlwly 1S maoual (sladsly dlasd pusi doodly Liidgy Judoo sledio b oo cllllas (ST 5o
Sone s 05 0,L5] Hlme yolulyy aasly oyl slaws cuslio pus 15 ol o 48 )5 0,00 (Sglite (sledVaiwl jl g a8 )5 )5 v g5

EE;

.Ju:

(T0) 33,5 0 Jso 55 0 dpulons S (3L g 6o SeS 5 Jao 1] e
0delB oyl 3 (Fr =YA) Wl 03505 03ltul 15 paouad slassly dlisd o s (Rule of thumb) il saeld 51l cilallles
odd 48,5 oyng ySde slale 35yl dAlie jd bl by g8 g 639y M goemme ply 0 JBls il sty opl sl
Exle dlax g 0as YA (9,5 5629y &) Jguazo 5 0leg dlasi () (gly S pwenad sladsly olaw colas” JBlas bl (pl ol

Al e de 30 VO (2l () p

N3dley 5l edlawl b 48,8 &ygo (giludide 51 Jols ol g 5o )0 odd 485 I8 & WY quase g lodlys anogs Hlol dsbdl 4o
Caol 03,5 &1l GAMS

sl

WAY Jlo 5 ohsjle bl (g p—gu s iS5 el chls &)l 50 oai a8 I8 4 Sludgs g aodls hwogs el 5 cleMb]
@h Elpl 35 jslaie 4 ol iy Jlod Jao (295 5 3959 Olgis 4 poe sl yiie Cunl ad LI (Y) Jgaz Billas
4 bl cpl 31 g b)lg 0djpuinnsd edled 1 ealaiwl lawgie (bl cpl sl 5 )))8 solatul 5yg0 bl pl )0 29250 £)l50

2. Decision Making Unit

4 IV=-9:400 2399 .55 29WeS SbasBl ciliyios

_________________________________________________________________________________________________________________________________



Ol sl b J515 035 puiy 6595 Wgi w1 T 395 Lwlwl g 15 s lile algi (eLaiBl 01,5 oo

0 PV oljle il (685 g (Fosd e om0 (e Sh Bpas bugle (ioren (Cusl adkal i W g YDA iy

Ol 2l Gl il e a0 )ie o il 4 sl SlaglS OFFADY (50 (5551 9 )8 0 ) 98 9 I NOFH US95 (5 Y (ale

Gl 0353 VWA Jlo 53 dzkad (130 VWYY l500 4 Jig38 Cpn 03j0uin w5 5 o A 1Sk b (s)lg 5 (alo 51 (oS 5 50 £)l50
WAV Lo 3 ol yijle bl (95950 — 2585 9 (93952 — 5855 jPme 113 (I3 pmw €150 g3 9 LO3e) (5l oy T Jgor

Sl Jolus Sbe Wnoslgs
VWeoooo . YOA- - - (askd) ()5 03jpdre5s
v v ¥ () ale slie
TEeeuan . \Woooo (axkaB) (31> 03 puic> o505
0 . v (o) p 530 B ee (alo ao

o : 05 () Jos3s

A \ o () ) gy dlaws
Yaayava £YAVD OYFA0Y (el &l olS) By 55!
YA \ ay (09) olo 45 30
Vevoven . APYE. e (4,_143) 03 jouli> v55 ,\:,155 Ql}f

Geod (sloatdl rede

=09)5 buly g hile il 53 (95 —F s 5 (higx S jeme Sl )lie (eleS lp 2D Elgl dmlone glis aslsl
il LS S i blod § dey30 10 (F) Jods 5o ok Jols gy b gillas sl o ) o 50 o Jlac! (st
Py 095 bl oot JAY o /AT (28 (LIS (3le cpgd 9 ol 09,5 hy9 — S5 Samme )l 005 (shineg S )lie (3 (imen
S @bl 5sShe (hygn —EsE jerme bl )l o 0 &5 cundls bl oS 8 2l ) Lyp aspie Jold 5
ol o b ) a8l Y. plplty sl JolST LS (glyls ooriy 09,5 4230 o lsie 4 Ly 4050 5 Sl JAY p)laz 095
ol 4 JolS ey g5l50 (38 (LS dere s g8 2lE b cupo b ()l 0djeiinesS eyl esliil il o)lil g
Ol 4 g del Cawdy bS5l dssl olwl y aSl el 0033, 55 JB1 £ Jiyap 9 1S5 Bpuo Culled (glyls £)l50 4 Cans Jid)lg 00ls
£ oMm3 )95 S & pylaz 09)5 £)lje 4 S (JBI> 0djedinnSS Ghyg 9 S5 (silazdl Clld b ol 09,5 )l5e e o)L
i 55V b oS Sl el ol oy

Ol 1 S olsasjse o > ol 5 papass (DS L (3 (GhlS dugli odlizal 390 03jie 058 o3leg g5 51 S8 By b
Ao Loy qplhlsasjjo g0 (py AiBlige JolS 4 S35 5 0, )15 syt g 3 (pSSke g0 @ (B S &S
5 anass QL g BB g onl 03,5 oo bl o 32led dbul o a8l g wlazdly 1) 555 A slaesle 1 sl
|15 s ss (3ol JolS ol 4y ol 335 S blods 45 boles by 51 oSS Mg oxbly 0355 bty ] (g0laidl alally
O Gl e dgw anlls (ialS g baab o Gl cage o5 Cunl cwVl lojluil 4 g )5 o 43535 4 (slaosles Cuad
5 wawass o5 pae bl caw wWloyd )3 yasuie dsbl j> aS sy (S Cuedd 39 YU S0 @l 4 Sl s )5 Ll
b &)lie o 2 LBl g anass (8 Gh 0k (¥) Jgior @bt (ululy cunl 0l plilsas)jo 3yt (oLl
Ailn (+IYA 5 <I¥5 <IN Gl 2l 5L) (595 = G joome > )3 J) s (/FV 5 +/0Y /AN (gla o5 L) iS5 S0
cplliy L3l e /0¥ 5 ¥ o IEV IV (o & iy b pgd slaog,S b g +/FY gl 09,8 w8 oo pimend
@D 85 Casl 0atl o 03jmianSS (SI3)lg 0les Cued (39 YU o) (olod )3 (pawasS (L (9 Sl o)l e
(Jsl 09)5) ol &2 atslyyee g Jitws g5 51 205 (02 U pgd 09,5) (o)l o0led ol & atualy o g atly )50 1o (papass
0jmizreBS o3 4 dtly £)lje 4 Comd Jius g)lj0 (panadS 2L (9 e p e 300 il 453 cplpls 90
Atlgo +BF 5 IV IFY o [5Y g s oo S plo g +/FY 55 gl 055 £yl3e ookl LS oo 398 e LA 2l
-z o3leg & iy Mol p)lo 09,5 £330 Siln 31 yrer Jgl 095 (SS9 IS g5l30 13 A cnl Sie iy
o3 58 355 (2 tadly SolS £5l50 4 i |y gyt (5r9ldge Jiimo £)l30 bl (il sl 0 ()5 035

\K IV-1:400 0339 .5 5908 Sl i

___________________________________________________________________________________________________________________________________



Ol sl b J515 035 puiy 6595 Wgi w1 T 395 Lwlwl g 15 s lile algi (eLaiBl 01,5 oo

Copmlus Julos aaldl )3 (o Giall (SsSa (s pef 9 (8 (2h & Cuns panass g o3baBl LLI 3g ol 4w L
i plol o JolS (oobaidl LIS pie sl £l5e (sl lmoslys cansd LilS (o134 ool lyls

VWAV )3 1yl bl (503 50mbamdd (05952 9 §5MN 8S3 jome syl €150 218 Elgl B ¥ Jgua

&S =2hl sarass @olaidl al)ls as)je 095 b
\ -Jo¥ - /0¥ Lyg
\ -I¥D -I¥a Lig
\ -IA A Ly
\ Ny Al Loy
\ Iy 1YY L, Jsleg)S
\ /54 .[54 Ls %
\ ¥y -IxY Loy ‘¢
-/0) -/va AT Ly }
ANS Al - /¥ ke b
AR AR AR Ly '5“:
\ AR AR L, N
/A .10 -/¥¥ Ly P93 09,5
\ \ \ Le
- IAY -IvE <IN Sl
\ I¥Y - I¥Y Lis pow 09)5
-/ -10) <I¥Y hygn S5 jme Sl g)l5e LB (pSke
\ <IYA <IYA L,
\ - /vy -Iyy Lg
el <A <Y L
\ <Yy < I¥Y Ly
108 .Io¥ Iy Lg %
-Ivo -foy -/¥ L B .
e N . L Pl 095 'f;f.
\ \ ) Lis §
IS -[0) .Y Lys Cﬂi
IR Jov YA Lig ¥
WAL -I¥Y -I¥Y Lys
“IAY -I¥8 oYY Sl
) oy Jo¥ Lyiq P 095
NS -I¥5 +IYA O —E B jeme ) g)l5e ) (Sl
NG -/¥a -/¥Y &lre JS 2L Sl

Geod (sloazdly reie

Coglgl iy @ (oolasl el 5L cpl sl ) wlel 5 Lol JSiie () Jodo ) camlus oo I stelcwsy s b sllae
Ceod IV 5 7N ¥ SRl iy a5 ke 9o 1 Al S 88 5 (S edjmiaes «SThss cnid Jolis
gl ol 1y 2003 Y pliee 4 oolatl L (oage Slage (s )5S do slaodles

5oS) ol S ) S5z il L o lbas 5o Cad 4 (oYL Cund b (ale sl ) 3y90 srodles (ym p> ol
2B 03t e5S o3l Cuand ialS piomen W Mo yd S e 4y obail 1) dguy s lev o (£)]50 35T 55 1o yd 0 ]
3 55,5 (ggp djetwd ialS s o)Ll 45 GeSlen .l ord ol Ll comw wilatualy o 4 aST el 45 ealitl 3y90
ol o3V 1y (oolaidl S e o S (ggp djeiwd )d dopd Bl i il Ly Conl Fge (solasBl LS g0
2l

LU £l5e 53Ul () o3 S Gl 1 Waslg Cunsd (R (e 51 g Comlis Julod D Jgo

' VY- )0l 0519 255 yg WS Sbai] Clindiod

___________________________________________________________________________________________________________________________________



Ol sl b J515 035 puiy 6595 Wgi w1 T 395 Lwlwl g 15 s lile algi (eLaiBl 01,5 oo

sl N . . p &y
4o , X JLETTI™ a0 09,5 .

- VA - # - - 70 Lia
- yAS # - - - AN Lig
# 7¥ ® - - - JAZN Ly
# YA # # - - AN Ly,
# VA # # - - A L,
- A # # - - A Ly
- VA # - - - yAS Loy
# YAS # # - - yANS L,s

Joleg)s

A3 bl g~ K

# ¥ # # - # 7vY Ly
® /A) £ - - 70 YA LB £9d as)f
# VAL #* ks - YAYd AR Ly

# VA # - - # AN Lys pow 89,5

- AT - - 7.5 A\s L
- AY - - VAN VAR Lg
Al - - Al 70 L;
# VA # - - yAY yig Lg
# AR # - - yAY 7Y Lg
# VA # - - AR AR Lig
AS VARI - - A # Lyq
AS - - Al AR Lis
AT - - Al Al Lig
# 7y # - - YA AN Lis

Pl 095

A3 bl (R K0

AS # - Al VALY YA Lis w3 09,5

sl yl3ae y50 g jlaide odles by 5 pis (gline &y 0y Ladaese
bl oo 035 Cuoed e S (oLaiBl (LS (351 S (0 (Sle
3425 (glaadly e

T 5 osSoslizal gl > ale a3 o35 5 5 oS Joli ] b o) sloodles plo Cunsd il o 55 4 3
b oS e Bosles ol e lyuid &y Capnns o3batdl L8 1505 & lee 4y .S sod dlomy) (oolaiBl LIS )3 wguamn i Shos
laBl oLl v )3 1y 586 oyl NI g9y djeted g (ple SThgd Cuad el coles > alply sl (LIS (65l
oLl odlys 90 JUS" j3 3 (1B edjpsiin s S0yl Cuadd LialS pzman D)y (A3 o (SD)lg 00 euinp5d 5l 0alS edlatwl £)l50
Aoy )9S g5y @lie 3 (prdipe johaie & &S ASL (2B ol ) 4 dtunly g)l50 (oolal Bl Serr s Sl e 5 00l

23,5 el

P AL
B oo s > Gpbijle Gl )3 03jdizedS A,y B ABIGE 0 2 2 (B 2L S 2 U 35 ol
2ol 5l ale 035 Shb)ly edles 4 atnly £)l5e 4 G i 2Nlos 03jpiianSS (IS g5 018 1SS gl5e Az o)l
B 15 wliel gaw 53 (Byen s g Uhign TS jeeme b ds)ie £95 93 a0 olail g anast oL & Cunl
395 sl Aty MalS g l50 & i |y (550 g3 iple 035 0y 03085 Jitue gil3e 380 (nl b5 (bl (izge
2 IS gl 50055 e 3 ol 2225 I35 e Ghyan 3o £55 & s 55 45 Sy lillan 5 3035 o,
bl dbes 1 5505 b (VFRA) o, Kan 5 gy Sl ol b sl 005 a513y lasigS s o VI35 alas j1 alo Uoyem &30
(Pangasius hypophthalmus) ey ol obygy ol b gl oy b Alam (2011) 5 i (> Y158 (bye5 £)l30
3,5 513 oobamsl SIS a4 Cuns (6 ptmlio Cundg (3 2)S 48 Wlodewy a5 ol A Spamcsil Loy d93 Sl 4>

'Y VY- )0l 0519 255 yg WS Sbai] Clindiod

___________________________________________________________________________________________________________________________________



Ol sl b J515 035 puiy 6595 Wgi w1 T 395 Lwlwl g 15 s lile algi (eLaiBl 01,5 oo

@bl & a8l cawd o ol @ pling 0 Sz B (D9 el > 2D ) n b s Ton et al, (2011) (yizmen (FY 5 YY)
FY) 5yl )8 ollaol pdaw 53 &)l50 (solaidl

5 (Sle Cygo 45 (69585 deid 9 (SI)ly 03jianSS (STt Caod B L gt dlis 3 0ad Jols slaaidl Lo ululy
AedSu dga oyl Gl £)lze ST )3 45Ty gyeldgm g (odlail LIS Mo yd Y g e Y 9 ZNe AF e 4 cuip @
4 alo Shp dhyjn g )15 gy djetus Gl S5 0 YIS (hy55 £)l30 23 bl elgil () b 3o Cinemre et al, (2006)
(V) wlosly el olaidl o) eaimd dgu0 Jolge o yiae (lgie 4]y 203 YA e

u])&o.(b 9 3)9w Y d.ol))J Ju.]y u‘)*" 2 Libo.)LQé d).«m d)‘_\f)}l u‘).w RN QM )‘ =" ulio Olallas )JL.«J 2
4S50k 4 g0 ool oyl liwlys V158 S aas iy A pdaw )0 gles syl Jole oy jiers e 4 1) lie (VYY)
S gy ol addllae ol )3 blie )3 b o il Mo yd 1D W e VI3 ale Brme STy o Ll wops Ve b
(TF) ol @il Wg clyass )3 (650

9 SPj ol odd adlyy D)9y lble sad pled al e &l pess  Wodles puae )3 Slpsd (lie ()0 4 38 S0 Glidsd )
000 ialS b uSike Cygeo 4 4 Wlodwwy 4o ol 4 hbile bl ;> ui ) VI (5y9p » 5,0 b (WAA) o) Ken
‘U.QLO dIJ& .Lo).) \A/'Y 9 d)ys.a Lle )K Slelus M).)\V/v 4)[5 ‘_59).«.3 A.v.o).) \V/; ‘4“']5] 039}' ..\.v.o).) \‘:D‘/A ‘uw > ).) M).)

V) o Lials ws s YA Ske Ciygo a1y alo 565l oddpled 4l 3o )lg7 oo

5 Uhosn TS jerme Sl g)lie )3 ()15 e3jpdnnsS jl eslitul pas b edlitul ity )l gl > oly JWd 4yl addllas
lojme sl (oo 150 ansly 48" Slae Sladow plowl b jglaie (y Cusl hsjlo Gl YIS (alo g — i
5 ool b (oolasl o) Jlao jl adllas cpl ) Cpimes 03,5 (6yglaen 55 Ll Wy g ool SleMbl g ai  lolid wad o)l
A5 Jols il adllas plool 1 65 sl 5 5 S doeats g3 A 4155 0,5 Wmodld otibgy o o

El5e 4 Camd Uiyon =SS jgme S El30 VL (3 b 5 oglge el 5 olatdl S (:Sike 4 a2 L &S Ul
ol Elie culos g 395 4 Wil oo (IRl (2 )1 03jpuinnSS 4 dinly Mol £)l50 0fag &) yen — G e sl
S K03 St & Wfos lased g & s £5 a3 15 9 5 JBlin IS ojein 35 S5 4 ol
23,5 god dpogi (93l Cllsd ©j50 4 (21 030l 05T

il B g LIS15 0335 5l ediSeslitl §5l5e (e3bati] LS oS ol cansbly ol 5l Sl adllan ] j) Juols pg> 4ot
&)l5e 0955 ol o ke Sl el & (G2 ol cnlplly 2,00 )15 (asllas a3 caslio (B3 RS (302 Lo ol e 5l
ol o S 1] 2y L S gl o Sy 0y Al g S i b 5 (sl & (g S
» ol Shgd cad Sl jials b ead Job sl b gilhe copd Cogo s 35290 gl 3 0ad aB)S I 4 sl
op) 4 el o 31 (Sl Sl il o] ottt sgate |y el coolatil LS e hbijle il s g (65 (slade yje
5 Cuod Sl AL g duoy o0 0jmdandS (9 9 1S5 el Cllid (s plilasje cud 4 (oYL ed 4 Sy
35 K ol olatdl 1S sy 4y ol dmodles (v

Yo 4 gle ) iy slaasa 33,5 LT g)lje oobal (o) (il 3w g S 908 AVLe aja ialS (ionen
S8 & 2055 b ol g BB il il o an 0y Sy plad Spgo 41 (il B &S IS (550 4pe 29saS e
@ duy oo sk Lulps ) (0 10 5 Salgd Ad s 1y dgseS 4 yotie djerd LialS o Lol 4 o IS (98 A e
@bl 29 > 55 sl wd Ol o )l oslitel Gl 4 parlepe laideSS iRl Cule 615
D)5 4l gylie opl (ool

P U09n 9 2SS L (B 2SS e 4 03jpdineS 03led 399 )3 JolS (Stualy Sl I il el )3 g Sl i ol e
Sx5 & Gpopen A8l Aoy LB Sl e (ple Shgtodle Cuad (il LS )0 Glojen Cjgo 4 (2B 5 B 155 95 93
dgrtc 9 ) G sbodize S o Slg5 o 03jmianSS obilad (pen (pbelSiwd Mgl Coles 5 (ng slajlpisS
235 &)lie > 2l

'Y IV=-9:400 2399 .55 29WeS SbasBl ciliyios

___________________________________________________________________________________________________________________________________



Ol sl b J515 035 puiy 6595 Wgi w1 T 395 Lwlwl g 15 s lile algi (eLaiBl 01,5 oo

oM Y Jgel 51 So
5 oS5 b idge]] soled Ly ailalST asli colis) clap s pols adllas

o o
23 el dlie By basg? ol adlllae cloazn

OB g €5 )L

I%.b :l2osly Jubu 9 Ls’*’L"’*’ UP9) f9J)‘J.oJ& L] Sol> ‘QL.J::-& L§>L4> (Sgwge Al o> duw LS d.\w‘ 19:.&: :(5)’13)3. ol 9 u.>|)b
ylele oo sl (LLIS gl (gawge dll s o LS (gl Tgad : olas (5,0 g )l £ gauwse Al s w9 LS (gl

e o)l
o 039y gilin o yle5 4558 0 336 ol lia S iy ] i

PSP RYRLY

hisle il 53 VI3 o) o559 pyiome (A3 By95 9 LS iS5 cgy sty Abre pyime i § (gl (B (s i

sisled Pl isls (o)l g ool oS S8 5 plsl 53 1y o a8 iste ksl 15y apabsl el M lojles

References

1.

V¥

Fry JP, Mailloux NA, Love DC, Milli MC, Cao L. Feed conversion efficiency in aquaculture:
do we measure it correctly?. Environmental Research Letters. 2018 Feb 6;
13(2):024017.

https://iopscience.iop.org/article/10.1088/1748-9326/aaa273/meta

FAO. Fishery statistical collections: Consumption of fish and fishery products. 2018.
http://www.fao.org/fishery/statistics/global-consumption/en

Iranian fisheries organization. Unpublished statistics on cost and production of Trout in
Iran and some reports. 2018. (In Persian).

http://www.shilat.com/

Iranian Fisheries Organization Statistical Yearbook. Office of Planning and Resource
Management. 2018. (In Persian).

http://www.shilat.com/

Mehregan, M.R. Data envelopment analysis: quantitative models for organizational
performance evaluation. University of Tehran. 2013. (In Persian).

[ISBN: 9786005107630]

Galanopoulos K, Aggelopoulos S, Kamenidou I, Mattas K. Assessing the effects of
managerial and production practices on the efficiency of commercial pig farming.
Agricultural systems. 2006 Jun 1;88(2-3): 125-41.

[DOI:10.1016/j.agsy.2005.03.002]

Emrouznejad A, Cabanda E. Introduction to data envelopment analysis and its
applications. In Handbook of research on strategic performance management and
measurement using data envelopment analysis. IGI Global. 2014.
https://www.igi-global.com/chapter/introduction-to-data-envelopment-analysis-and-its-
applications/121488

Farrell M]. The measurement of productive efficiency. Journal of the Royal Statistical
Society: Series A (General). 1957 May;120(3): 253-81.

[DOI: 10.2307/2343100]

Coelli T], Rao DS, O'Donnell C], Battese GE. An introduction to efficiency and productivity
analysis. springer science and business media; 2005 Dec 6.

[DOI:10.1007/b136381]

VY- )0l 0519 255 yg WS Sbai] Clindiod

___________________________________________________________________________________________________________________________


https://doi.org/10.1016/j.agsy.2005.03.002
https://doi.org/10.2307/2343100

Ol sl b J515 035 puiy 6595 Wgi w1 T 395 Lwlwl g 15 s lile algi (eLaiBl 01,5 oo

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Yo

Kao C. Network data envelopment analysis. International Series in Operations Research
and Management Science. [DOI: 2017;10:978-3]

Iliyasu A, Mohamed ZA, Ismail MM, Abdullah AM, Kamarudin SM, Mazuki H. A review of
production frontier research in aquaculture (2001-2011). Aquaculture Economics and
Management. 2014a Jul 3; 18(3): 221-47.

[DOI: 10.1080/13657305.2014.926464]

Iliyasu A, Mohamed ZA, Ismail MM, Abdullah AM. A meta-analysis of technical efficiency
in aquaculture. Journal of Applied Aquaculture. 2014b Oct 2; 26(4): 329-39.

[DOI: 10.1080/10454438.2014.959829]

Sharma KR, Leung P. A review of production frontier analysis for aquaculture
management. Aquaculture Economics and Management. 2003 Jan 1; 7(1-2): 15-34.

[DOI: 10.1080/13657300309380329]

Mohaddes Hosseini, S.A and Zare, Sh. Evaluation of Melon Cultivation Efficiency and
Economic Productivity Using Data Envelopment Analysis in Taybad Khorasan Razavi.
Journal of of Agricultural Economics Research. 2021; 13(3).
[DOI:10.30495/JAE.2021.21235.2010]

Mardani Najafabadi, M and Abdeshahi, A. Evaluating Uncertainty of Palm Trees
Efficiency in Ahvaz County: Application of Robust Data Envelopment Approach and
Monte Carlo Simulation. Journal of Agricultural Economics and Development. 2019; 33
(2): 191-204.

[DOI: 10.22067/JEAD2.V010.79050]

Abukari AB, Alemdar T. Measuring the technical and cost efficiencies of maize farming in
the northern region of ghana: deterministic and stochastic approaches. Agricultural
Socio-Economics Journal. 2019 Mar 4; 19(1): 47-64.

[DOI: 10.21776/ub.agrise.2019.019.1.6]

Mengui KC, Oh S, Lee SH. The technical efficiency of smallholder irish potato producers
in santa subdivision, cameroon. Agriculture. 2019 Dec; 9(12): 259.

[DOI: 10.3390/agriculture9120259]

Yu J, Yu W. The economic benefit of marine based on DEA model. International Journal of
Low-Carbon Technologies. 2018 Dec; 13(4): 364-8.

[DOI: 10.1093/ijlct/cty028]

Iliyasu A, Mohamed ZA, Terano R. Comparative analysis of technical efficiency for
different production culture systems and species of freshwater aquaculture in
Peninsular Malaysia. Aquaculture Reports. 2016 May 1; 3: 51-7.

[DOI: 10.1016/j.aqrep.2015.12.001]

Gunaratne LH, Leung P. Asian black tiger shrimp industry: a meta-production frontier
analysis. The farm performance study on which these research papers were based was
funded by the Asian Development Bank under RETA 5534, and implemented by the
Network of Aquaculture Centres in Asia-Pacific in 1994-1995. PingSun Leung and Khem
R. Sharma, Editors University of Hawaii at Manoa, Honolulu, Hawaii, USA. 1996 Nov 1:
55.http://library.enaca.org/NACA-Publications/EconomicsManagement.pdf#fpage=71
Gunaratne LH, Leung PS. Productivity analysis of Asian shrimp industry: the case of
Malaysian shrimp culture. World Aquaculture. 1997 Feb 19; 97: 19-23.
https://www.was.org/

Gutiérrez E, Lozano S, Guillén ]. Efficiency data analysis in EU aquaculture production.
Aquaculture. 2020 Apr 15; 520: 734962.

[DOI: 10.1016/j.aquaculture.2020.734962]

Zongli Z, Yanan Z, Feifan L, Hui Y, Yongming Y, Xinhua Y. Economic efficiency of small-
scale tilapia farms in Guangxi, China. Aquaculture Economics and Management. 2017
Apr 3; 21(2): 283-94.

[DOI: 10.1080/13657305.2016.1180644]

Arita S, Leung P. A technical efficiency analysis of Hawaii's aquaculture industry. Journal
of the World Aquaculture Society. 2014 Jun; 45(3): 312-21.

VV-Y:dol 0599 . 65,9LiS sbaidl Coliiod

__________________________________________________________________________________________________________________________


https://doi.org/10.1080/13657305.2014.926464
https://doi.org/10.1080/10454438.2014.959829
https://doi.org/10.1080/13657300309380329
https://dx.doi.org/10.22067/jead2.v0i0.79050
https://doi.org/10.21776/ub.agrise.2019.019.1.6
https://doi.org/10.3390/agriculture9120259
https://doi.org/10.1093/ijlct/cty028
https://doi.org/10.1016/j.aqrep.2015.12.001
https://doi.org/10.1016/j.aquaculture.2020.734962
https://doi.org/10.1080/13657305.2016.1180644

Ol sl b J515 035 puiy 6595 Wgi w1 T 395 Lwlwl g 15 s lile algi (eLaiBl 01,5 oo

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

A4

https://onlinelibrary.wiley.com/doi/epdf/10.1111/jwas.12124

Nielsen R. Green and technical efficient growth in Danish fresh water aquaculture.
Aquaculture Economics and Management. 2011 Oct 1; 15(4): 262-77.

[DOI: 10.1080/13657305.2011.624574]

Alam F. Measuring technical, allocative and cost efficiency of pangas (Pangasius
hypophthalmus: Sauvage 1878) fish farmers of Bangladesh. Aquaculture Research. 2011
Sep; 42(10): 1487-500. [DOI: 10.1111/j.1365-2109.2010.02741.x]

Hassanpour B, Ismail MM, Mohamed Z, Kamarulzaman NH. Factors affecting technical
change of productivity growth in rainbow trout aquaculture in Iran. African Journal of
Agricultural Research. 2011 May 31; 6(10): 2260-72.

[DOI: 10.5897/AJAR10.467]

Hassanpour B, Ismail MM, Mohamed Z, Kamarulzaman NH. Sources of productivity
growth in rainbow trout aquaculture in Iran: technical efficiency change or technological
progress?. Aquaculture Economics and Management. 2010 Aug 17; 14(3): 218-34.

[DOI: 10.1080/13657305.2010.503474]

Cinemre HA, Ceyhan V, Bozoglu M, Demiryiirek K, Kili¢ O. The cost efficiency of trout
farms in the Black Sea Region, Turkey. Aquaculture. 2006 Feb 28; 251(2-4): 324-32.
[DOI: 10.1016/j.aquaculture.2005.06.016]

Crespi V, New M. Cultured aquatic species fact sheets. FAO; 2009.
http://www.fao.org/fishery/culturedspecies/Oncorhynchus mykiss/en

Hwang SN, Lee HS, Zhu ], editors. Handbook of operations analytics using data
envelopment analysis. Springer US; 2016 Jul 1.
https://link.springer.com/book/10.1007%2F978-1-4899-7705-2

Banker RD, Cooper WW, Seiford LM, Thrall RM, Zhu ]. Returns to scale in different DEA
models. European Journal of Operational Research. 2004 Apr 16; 154(2): 345-62.

[DOI: 10.1016/S0377-2217(03)00174-7]

Charnes A, Cooper WW, Rhodes E. Measuring the efficiency of decision making units.
European journal of operational research. 1978 Nov 1; 2(6): 429-44.

[DOI: 10.1016/0377-2217(78)90138-8]

Banker RD, Charnes A, Cooper WW. Some models for estimating technical and scale
inefficiencies in data envelopment analysis. Management science. 1984 Sep; 30(9):
1078-92.

[DOI: 10.1287/mnsc.30.9.1078]

Huang Y, Zhang Y. Energy Use and Carbon Emissions Efficiency Study of Chinese Regions
Based on Price Factor. Polish Journal of Environmental Studies. 2018 Sep 1; 27(5).

[DOI: 10.15244/pjoes/78152]

Banker RD, Charnes A, Cooper WW, Clarke R. Constrained game formulations and
interpretations for data envelopment analysis. European Journal of Operational
Research. 1989 Jun 15; 40(3): 299-308.

[DOI: 10.1016/0377-2217(89)90422-0]

Yuan Y, Yuan Y, Dai Y, Zhang Z, Gong Y, Yuan Y. Technical efficiency of different farm
sizes for tilapia farming in China. Aquaculture Research. 2020 Jan; 51(1): 307-15.

[DOI: 10.1111/are.14376]

Golany B, Roll Y. An application procedure for DEA. Omega. 1989 Jan 1;17(3):237-50.
[DOI: 10.1016/0305-0483(89)90029-7]

A. Charnes, W.W. Cooper, D. Divine, G.A. Klopp and ]. Stutz, An application of Data
Envelopment Analysis to U.S. Army Recruitment Districts, Research Report CCS 436,
Center for Cybernetic Studies, University of Texas, Austin, TX, 1985.
http://worldcat.org/identities/lccn-n83029689

Bowlin WF. Evaluating the efficiency of US Air Force real-property maintenance
activities. Journal of the Operational Research Society. 1987 Feb 1; 38(2): 127-35.

[DOI: 10.1057/jors.1987.25]

VY- )0l 0519 255 yg WS Sbai] Clindiod

__________________________________________________________________________________________________________________________


https://doi.org/10.1080/13657305.2011.624574
https://doi.org/10.1111/j.1365-2109.2010.02741.x
https://doi.org/10.5897/AJAR10.467
https://doi.org/10.1080/13657305.2010.503474
https://doi.org/10.1016/j.aquaculture.2005.06.016
https://doi.org/10.1016/S0377-2217(03)00174-7
https://doi.org/10.1016/0377-2217(78)90138-8
https://doi.org/10.1287/mnsc.30.9.1078
https://doi.org/10.15244/pjoes/78152
https://doi.org/10.1016/0377-2217(89)90422-0
https://doi.org/10.1111/are.14376
https://doi.org/10.1016/0305-0483(89)90029-7
https://doi.org/10.1057/jors.1987.25

Ol sl b J515 035 puiy 6595 Wgi w1 T 395 Lwlwl g 15 s lile algi (eLaiBl 01,5 oo

40. Yazdani S, Rafiee H, Ramezani M. Evaluation of Total Factor Productivity and Efficiency
of Rainbow Trout (Oncorhynchus mykiss) Marine Cage Farms in the Mazandaran
Province. 3. 2020; 13 (4) :123-134
http://aqudev.liau.ac.ir/article-1-581-fa.html

41. Alam F. Measuring technical, allocative and cost efficiency of pangas (Pangasius
hypophthalmus: Sauvage 1878) fish farmers of Bangladesh. Aquaculture Research. 2011
Sep; 42(10): 1487-500.

[DOI: 10.1111/j.1365-2109.2010.02741.x]

42. Ton Nu Hai A, Bui Dung T, Speelman S. Analyzing the variations in cost-efficiency of
marine cage lobster aquaculture in Vietnam: A two-stage bootstrap DEA approach.
Aquaculture Economics and Management. 2018 Oct 2; 22(4): 458-73. [DOL
10.1080/13657305.2018.1429032]

43. Naghshinefard M, Mohamadi H, Farajzadeh Z, Ameri A A. Analyzing Efficiency and Total
Factor Productivity of Fras Province Trout Nurturing Farms. gjerp. 2011; 19 (57) :133-
156
http://ajerp.ir/article-1-217-fa.html

Y VY- )0l 0519 255 yg WS Sbai] Clindiod

___________________________________________________________________________________________________________________________________


http://aqudev.liau.ac.ir/article-1-581-fa.html
https://doi.org/10.1111/j.1365-2109.2010.02741.x
https://doi.org/10.1080/13657305.2018.1429032
http://qjerp.ir/article-1-217-fa.html

