(e 4y
Si9las xwyd 9 Slaidl!
(B129Us” mlue 9 poke)

A

o 1
Yo AVTY LS oF sl oolad
Yo ylgas
V.0 Ofad Ol )3 (o jmm S350 9 3Mgo O > (b4 B
eSS e
L5 I 39 )i 489y v 51 DS (Sl 9 S 18 ) 4ol 9 (Sl p g8 9 SN TS a0 Olbrs 5 (wi g

IS S (931 e s =315 el e IS U5

" Ol bl (S9u5” DL D pero (S5 51 S9agr STy Couxkid pute Lol 4d 30 BodId idbgy ko
O oeidl = galT an il po gibame = (STG 25 0 — (6 priall LBl (sign

ey Ol 5a8 Oliw! (ST )0 (SEKRS 33 (210E Cuiol § £33 (SIRe g0 D pao

O3l ol ol =635 75 g2 031)0Lnd (Glgn = (8 (s

ol Sl 1090  IdLa (S 3 yab y S I odliwl b T Sgums” w3 (b3
1y (6 50 Flan 63500 258 390 4xdlian)

S S35 e s

1Y4 Ol gl (RIS D50 D859 & 5 &9 9o

Ol § e — b aubls

14y Ol gl 58 E30 Shgs Cad g D0 Cwnud Oyl §1 w9
Ui s aabls =S5 b e — S5




$39WS drwgi g LBl dy puls
(8559l @luog pgls)

o 26524 o 21/2015 .
Susd goldaiagle oylye )l ——— ojladi ol aledagey ——— wlgpojladls
73/10/19 68/4/11
1400 ytiewsls 20 Lo 35 ata

aidls als jaads T cale’ du it da T ol g3 cale™ daya (gl Hle Sl pdis aals A398 Jlw 3l e &3 g da gucne (bl 43

NV PPPREE Y (- K Hliel cale
(aguin s 9958 88ty ) Bkl sA 4585 - ol saly s L, (g a0
(agiin 90,58 s8310) (555 sl olatsl - lil by b : g0y

o Al S slael

(olican s s s o831 ) (g5 5LAS sl = sl saal g S
(5 aat 8€L8318) (55 sLES oLiaZBl - sl e o5
(dgatin am 9058 oS ) (5 LS olaisl - aliead spans SAK sl
(g (oo 508 olK3l) (655 5LaS aleasl - Ll ot ol 5
(S 5ol LaadS 5 AL o1&ty - slic lasd e, K
(Oloaas 88231y ) (5,58 slualdl - ol osaie (alu)
(o) &l ) (555 5LES st — liead ) M
(s T« SIS ot csy sLAS 0uStila - Lutils e a3 ol
(gatis am 3058 o1) (5 LS oleaisl - slieal el b gl
(sgtin (a5, ol&3l) (55 5L sleatsl ~ ol Sy ( Salo asuo
(O it gt o315 )55 5 LS oLiBl - i ABIS daw (ym
(oo (o953 oluN) (555 5LaS sleaBl -yl Lo sle (ol S
(dgatis sam 958 o&2510) wloaZdl - slical e dams ¢ lole (5 5360
(ot s ) 5 5LaS oleidl sl o) el (ias
(again (on 5058 ol&il) wliasl - Hlazils Ssres 5 (Jsalar

e (e 9358 ol&als Blaly ole Agdin oo 538 sl&sls oof HLAE : piils

1163 g g 1775 _amy O — gpiion 2 5L
8787430 : pulas (55,9LisS Anuwgi g SLaidl 4y s (gode Wl pid Al o (53,9LiS ousiils

Jead2@um.ac.ir St 9 s Caay
L Cacl ouds dalad Jals wllis &y go au hittps://jead.um.ac.ir/ cula yo do pdis Gl

gl oo piiiia g Gila (Jlu ju o laci4) doliliad &) gus 4 da i (3



105

121

133

147

161

179

193

R
le s
. <
] E R

OB g Jlo Olgie

Olhod Ol 33 (G jmm S350 9 390 OL > b4 3

elS's e

89 3 dil39 ) i g5 1 Do (Sl S 10 g3 Aol (Sl g8 3 QNS S pao Ol § (w9
IS S (5305 2 s =31 5ol onm = LS

O3l il Sga” DL (D patn (55 1 g STy Cuxld e Lyl pd 30 BN Sidgy ko
Olij e pdl = kT (G130 hlaae = (B (o5 o = (s el (v 5t

Olye Oliwl ShoT30 SRS 1o (J10E Cudnl § £33 (Shko dgo B yan

Ol sl nl ol = (535 15 55 03150Lad (5gn = (065 puis

(Wi g0 Flliao 0390 163 90 4xflian) (olai (STl 109  DdLad (6 31 540l g Joro 3 odlii! b ST Sguad” Cuy s b 35
s e =305 e Sl

Ol gl (o018 &8 O10519 Xy y Sy g

O3 Cde = b acbls

Olpl 30 E o Cbigh Cannd 39 D8 Canud Oyl §1 wyp

G i asbls = IST5b e dama = (8 S8






Journal of Agricultural Economics & Development
Vol. 35, No. 2, Summer 2021, p. 105-119

CHindn

G29laS arwgi g olaidl 4 yis
1+0-M1 .o IF e Ll (¥ o lols FO ol

gy Yl

Olkan QL) 53 fonjmm 551 5 3190 OL 2 pliay»

e:f.-\w\sé ’. .

VAR V/ A 13l 5 b

AAEEVERVAR ;;‘J'-’-"\'-'x G)U

2SS

5Pl g dlge by pbanie plyie cog YO ghl sl QB 55 (sjca M55 5551 Bpae 5 o3kl b)) pobs adlas jl Gua

LB yane 4559515 365 ¢ uwd (clacS g 4 bgspe 035 (65,3l )l jae oyt sdalcwndas ol wlul p 09 WWAD-VYAS ely5 Jad b )
ui))')l PLgRW uRSwe ‘.)\9" Ol e Sololus 9 @l) &olslus 09 90 4 oduddmlore dLaidl 9 33 s sl uol...:l JORIN Gl
VY Ll dlse gl (baze )3 s cl a8 Jbps ol LS )3 by pigeles WA Ll ) olibans (bl 5 (e W58 S
olatsl b oS (Jbo > ol alone VIFO il mly (6558) ollans jlosliial b g)lie 5 (6551 Bpume (25 0ud alons 1S )3 Jby (igekee
Sy s 0B A G Cpizmen g (5550 Byme D)8 Cglds S dcisle VIVY b ply e ls plolse by obdne o)lules
b il (Saon oLl s ju &S psbas 98 o0 Sl Glaen (il )3 (dnjicus W5 A0l ) o5 cnl e Sy 5] 88
Cdal30l g als 1 ol d e Cund e Ol ialS Oygun 3 il atsly by cygeee YFR Gitas B (el > gl (e ol

S (o SoS Gy jlazes g dlatll o Lily yiee i3 aia g 655l @elr bl sk Sl 5l g dlge (b (Sl ja ety amlgs AV
oo &) )an (hyy nl ST il (ite Y guass Al Ca 3 (P B labie e lFe odliiin )l oS4 L
y siyl)d 065 a0 5o )3 il o 4S5l g s allas as 50 55 Jsane slocdypam 5l ol5psliS ¢l (65 0 b g amd o et | i

S ialS ) ader slaan e ialsS i bl S Gulel g odd yielae 1S # )

iy baze S e o650 oL 5yl ol (6351 5y90 0 AFOY gl 3)llinl 1 gadS” gWo]lg

O9e Wy 9 555 Ay Bpas pogad ) (aladpal, bl
21y g 3y 3 adgs bis cne 53 (65)9liS Y gasme dy0 4
9 551 3 ealaul (cael) 5L LYY 5 1Y) Limd )8 568 I8 jgi
o pod lrl 2 SiogliS S5 Mg (g pau e
b oy e¥ g 1gi )3 655l 2L 5 bosles B yae (55l
Sy o ol 1 (lgie o lalno alox I a5 o Clox]
9 @bl jlime ol S8 () 3)50 |y 03les S Byae
IS 38l 9,5 9 0lga jloslatl Gl i (559000
o (7Y 58) 039 55psliS slopllas por (5)lsly wae elee
» (www.globalgap.org) 3, oo sleds & 'S e slopails

2- Good Agricultural Practice (GAP) ;,slsS sla jbg, gg0mxe
Mg 4 porie s eloal 5 (o3laill (lase co gyl bis )b I &S

5500 Gyl 400,85 o wollae g el plie e 5 oli (g)5liS Y g ae
adld bl «udlS) (65,0liS Y quazme Mg Cu pde 4y by ye cllas plas

LYRUFY

Ol aaner (938l 59y Ay J> 4 il amd Jlea (b )

O ) 5l g Sl ol eyl Y guame (4l Loles
ol e Copde pas > 4 gl culial 5,)1 5 (55l
598l g oud oAb s s (555 S S 4 oLl i
OAS & odjopd g o) @lie jl el iSo (nl > (55l Byae
5 9w S5l (5 @i (2leS (W 5 VY) ol azdly i3l
@by pie g5 ol cladels 5 55l Shee cadd

Ol 2 ol QS el 503 (g5 3l (2)y5liS Mg slapllas

o8zl ¢gjyoliS 0aS il ¢ LS S g Mgi wdige 05,5 Lol -
e

(Email: Dekamin@malayeru.ac.ir

DOI: 10.22067/JEAD.2021.17804.0

J}LM ol g5 —A)



mailto:Dekamin@malayeru.ac.ir
http://dx.doi.org/10.22067/JEAD.2021.17804.0

VFeoo ol ¥ o kol YO ul> «83)9liS axwgi g slaidl Ay \oF

Oy (e jlase SISl GialS (gl Ldjaly o e 5l (So
5l g pge e ORI 5 o slame gy (g ysliS
Sloslar wl (gl Lalisce gladyaly (VO 9 VF) el (ool il
o a1, )54, gl (clod S, ¢ bl cblazbly daogs o silaaey

Al ulc‘ Ao g Lg))al 4,._m|.>:.o dl)) 04—b Pyt Oladllas )0
055 25 i 55 5 | 0 lisn Jslye 5 Loy m ol
OB > adie g il @S e sl e Gl
Oyl 3 eads pbul llllas (5T 55 il ou s plosil (gj)5liS
ool g iz el)j Y ame gl |y 551 2D
wip g 3Pl il olge C8) g Wlod S Al ol Joae
(VA g WA Y ) Jloglgisds cowl oais 48,3 Jas j»
ol i jlame o eyl (MFCA) Vslge by obas s
il 9 o e yiny Sy 3 o35S 4 Wl oo &S
4 oliws Gyl slacas,d 5 LS SaS (5550l g 2150 51 eolaul
S b Jl il laclld il Jbo o)l
laailolw el B, (V) 55w el b jwdigs sl ol
oilS 5 ady e Ve gl aile s jlase Cupie
el 2 Bl gl o Jrood el (o g WIS (o j)gliS
wlail § Cowjlase o 4jlge 2ol L MFCA (gl a] a5 oo
5 3Pl oo oilBl 3 e)lie 5l ool Gln 2P B b
(B) cusly aalgs ol jor 4y dlge
ul).)‘ Lol L._‘»T 2D (R onS.\Jy )9_‘5 (g ul)"
PN (o0 M an) s (F Goeben 8 L 53 bawgie 5o 4
Ol e 09,5 4 youlS ey WY guame () cilyy pdaws ]
Cdlby e cpl 5l ao ) YAY &S crwl a i ooy olais!]
JEIVS RUVERINOUH S PYRPEIS TV S RAR VR YV RCIC S0
3w el a1 (65y9lisS Y guazme o yiegs Sl (S plgis 4
ol Has 51 laan Ll (Vo) o) )8 g5 g puiS (g «yd
Coang duoyd VY g Calyld 5guiS 53 1y V¥ a5, g 039y SiangS L
YA (5jaluiS ol ooy (gla 555 3 ) 55uiS Camer 1o VY 4
Oliwl (eoliazl lacaled 034381 45l duoyd YO § Jsdl s ys
$ygliS isy peiomed (ol 03l olaidl ags 4y 1) lien
Uiz 035381 453, 5l Ao )3 YIF 5 Cladgr 5l o )d ¥/ k!
2 ShalS iy Cawl odly polaidl dgd &y ) jauiS (g55LiS

1- Material flow cost accounting
2- Solanum tuberosum L.

P9 2 5339 5 2955 Sl Cud Ygone Cilisn Sldllas
sl 0ad d e gl B9y 4 5y9liS 0SS slapllas
9 S35 2h b sl |y (S95UsS (slats) g lapadls
Bblo o o dulie 5 (oladl isy S j0 (g5y0liS slrooly
Comd sy ] 51 (S &5 csl 0a3l)) (5SS slyguiS
boiye 351 lyome i 5l (639)9 aodlig 4 (29 Jy—amme
G Y Y0V el o g o a0 slredly g Jo—ae 4
S3 B an dunlie lyis cod sladlae 3 (Jlo plgis 4 (V-
Ol )3 S (gl gygld CoB (unj o M5 drja Lo
09,5 50 ;0,8 ;3 Jo5Ke VOYIOY 5 VOV VY iy dacjllad

9 TIN i ped g sl 09,5 13 (rej—w g Al
ol po auie Jdod el ead acuwlre LS > o5 —VIVFY
P9 9 Jgl 09,5 3 () o g5 Aja JS oS o (Lt adlas
o8 s Al 3o o Ll Sy JUy FIVY 5 FYAY Cui g o
Col 035 dwbxo +/3F 9 M+ i )5 4 pgd g Jgl 05,5 43 5
il g G55l Bpmae Julod plie cod 6503 adllae )3 (YY)
2 oeej calisee glaojlail > ejcaw Agi lailxlS o€
Al S 3 9IRS YV JlSe )3 (8o 5551 JS <))
@ 58l Gose e 9 0P G5l il Bmae 2l ol oas
o3l 2 p)SshS +I¥Y 5 p)SolS" » J9ilSe VA AN i 5
o dsS g J3d g oy ookl ol s 4 wle
MBI 0 2 () o g 55l Bpuan )3 1) a2
Ol )3 (o Mgi dlaiBl g (55l Jlow adlllas 3 () +)
A Al HiSa 3 JoiKe AVFYD 8y a0 (5551 IS ¢ Jwd)l
9,8 53 JoilSe VoA A coi b 55l xg0 e 9 ol 55
Egman aas 4Sub dy)lS dalllas )5 (VO) S Al +/YD
Mgy S o8 Ltz g (298 3l mote
i (29 9 3909 S5 U5 sl ol Geejoa—
SW5S caiumn pSl A dpwloee LS )3 Jo5Ke AV 5 ATYYY
3590 i 33 S5 QRS S puae o dusl )y g (olensd
A9 > 93939 S5l g 3 Ses a3 (VF) g (y
WYY )lie 3 (35l B pae (Sl clian (bl > (unjiu
Sx900% 9 2B S5l TPl G D e 1S > g5
2 pSAS IV g pSshS p JoilSe YIV AN i an (655
Lo 51 0ol 5 oy g5 inlS (YA) A dslons o5

by piY Sloanog 305 dej 53 (B 5 Joo 5 (505 (gtintinn sjlol>
loan VT il laome G g oloi] coolatt] il 85 Jlas o
SR el g Cotel Ban a4 oltd Gl o STelang e 5 Shord (S
Gl p3Y Jlie 6o )



VoV plaes plbowl 35 (oo 5551 9 390 ol (2Lai 38 (ol

(ran ph olie 2l (o) slacddld 4 by o SNl gdon
tbord pyow s)le] Ol (ise B ae slodgS (05 (s3lwodlel
Ol o jas )l fiS ) (Syume CEgu 9 Sl 5950
Seplddog bad aseis delidiny g anbas &b 5l Gles
a8 Casl gy VFe0) g3l o)kl ulol polee by b e
2 STeslil g ol )15 o 300 |y 450 S (> T L i
Cope ilisee (glaoged § oS ) pdaw S Joxo (ol
A (it Cauzels jolaieds s Ciglaio by odliw ¢ odlys ac e
L 53)29) dolmmo g sl iy JaS5 4y pladl g, ol
Ol )3 (o 038 A5 (Slabias o gaws )3 l555liS
035y e sl liw b ) 0l (ladolininn y dlis ab lier
Aol i wp ¥ g A AN VD oy @ Ngled 9 Kbl )dsS 09,8
3 ol (1uSle s gliie ¢ )30 03l 4 bl A b oSS
lacl buwgs odel Cows 4 (slaodls .cd,5 )5 a5 ao 1S prdauw
B8 15 oMol g Lyl 5yse Mo oK il Lole wlia
Eol3o 30 (swo i 3 Slas g osliw 5 oslys 4 bgype cleMbl
I Sopp Byman (5:50ke 39290 sodls bl o g (s ilie

b duwlre HiSa ya (gl 4 laedlys

dadlos u g0 ddlaio

2 @y yeshS VAFYA Colue 4 loyiuns o flaen il
AaBdFA g an d YO U dddd 0% 9 a0 YY o ol (o) Cuoud
Job 4880 Y8 g an d FA L B YF g an p ¥V 5 Jbo i o,
b ol s el (el Bl 51 () JSC8) Sl 8,515 3,8
Sl 2 e e VIV &Y (c92 ()b 6le & a2
Dol e 4y ol Siddes

48°0°0"E 48°30'0"E 49°0'0°E 49°30'0°E
le
Hamadan

? 4
o o
3 [
3 N 8
\‘\

< 2
o o
o re
2 8
z ’ A
5 &
8 8
3 S
z z
=4 g
o re
& I I T T - &

48°00'E  48°300°E  49°00°E  49°300°E

/

125 otas S l3m FAY 30 sl5n MY (shls lan il
VWIB 5 (el S J3m SAR) L2l g el o guanme ciS
acayd AL 1 b il S lim YAY 5 (el liSa i
ol ] (4] ] (6559 g ao gl 5 (e T/
oMo Gliwl W8 o 455 (65)5liS SV g (5 (yguln & VL
AV by a1y ped 45 (uejiuw S pj eyl
35 4]y )5S s 45) 030l g Sl ejn (5 )l
(V) sl 02l olaidl

e 3 3 MFCA (5,8 54 sl (Lol Gisn
Gl (5579LiS slaosles (bdyn (90 Lastio g (5jlw oS
Mg e Jalpe )3 adleuy 5 Lld jigg Capte as oo &S
$59WS Y guae Jold (29,3 dlge 4lS' 950 2]y plals
9 d—wle oy cpl > Mg il Jolpe 3 Lacid))in 4
D950 (5350311

BT 09,
Loals s, 9laea

Soslaaz oy 3l (gayp0 adlllas g5 1 ) Sls Gudos
lodly (¢yglans (sl ol (63,)5 Gam Jasil 5 islow modl
olyor 4 dsliiwwyy I Glen il )d (ejcuw g5 Ll 5]
hlS o jaw dnels 5l laodly (¢ )yglaon (slp b odliz] anlias
Soglaes aub oli] anline b olyod doliiow y I jlen kil
Gos & ]) 9§.’>r_wl.s 4.».’>L.a.o l.» ol)o.b: AAL_m_w)J O”)‘L’ )] oaly
ook bl Glapbw ol SSE 4 (e jous GBSV
Al Cood a4 plen il (65,0l s loslus SleMbl ¢ Ll

&‘ﬂl
Iran

Ao G0 Cordge —Y JSUS
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Figure 3- PDCA cycle for MFCA implementation in potato production (23)

<8y e Jolb (it 31> (g9 9 3> (LBl (b)) 5y5lsS” sl
slaosles <8y 1 (g o § cmtlsy o > M) Jgaa
by g (b3 395 5 el ol 8y paa Jia) (sjpgliS
sl (195515 1590 (3295 palalS i) (555
ks (552 9 Wdlig)> (sl Slga (sladiz 3o oS 30 12
e (s il 00l (sl )00 9 Y gae ¢ Jlie 4l)
Sl cdlizes gla gy 5l oolaiwl b Wlgi o dlgs (sladis o 095
O 30l A ol 4 o ¢ oadly 00l plos aiye ¢ Jlio
aliwg 4 0lg, 5 0lg,0 by s (gl dlge (slaais o g Hlude
Sloj o3l (b e dnly ansa 13 dlge by (S5 e )5
e (s S 395 o e (s s o (sl 00 sl
g &Yoozt Jlie (glyn) Ladh e sl dlso (slad iya
Ao (539250 3 35 o L olyon dlge slaay s (o3le bcd))in

oo ol jye olge la abdizie il il Gy il
o adgr ddaie glaanlyd Loy anly anl)8 Wiles o 50 e
G0 905 padia Jlan (Y JS8) 3,5 0 1) (o)) Jg—mae
dge Glor lanize loodly (gyglaer sl Gloj o3l (als
olaaz Sl Sloj ol 50 (3905 pasdie | g 29 el
Mol 0 0g b et e Sl dles by obdl e claedly
b cuslS clp yw (gilwodlel loj 5l Sleoj o5l ey oY gunme
i > 505 el Jgmamme Bl (gl omoj (s5lwerlel o
A5 6yglaen WWAB-AE ely) Jlo (o 5> laodly 3gud oo 458
5 3lwg)d wlge by (obainie 5o 9)3 (o5 S0 2 Sl
A dge g (g5l dlgys e sluwlid sl oy
e 5 Cugte diwdgd dy (£ly; Joame J)g 0 Ladlisg
& Sl gy Jgame ot Cuto 3 (g g o (SNl



VY ol (bl 30 (Suo joams 5550 9 Olgo (3l > (LA 3o (uolS's

@ Ol anly b g o jlase 5 Shas 390 clace o)
il 035,525 Wl o 3guty ) & (olitd (sl ool Jas
5 35 laculld 5 ¥ gianms b lgi bolad daanl)b 05 olge
b e 5l 4 olaosls asl (65,3l g edle (L)L s ye dassgs
2 oo Gy lgie 4 Al e Sl g s 2 ge 2
Lol dylg0) (soli iy lolasl snule—asy e oo g ayjed
09t b oS IS ale ) wiojls )50 9 (Sl ()l Sle )

sl (o535 4y

i g @l Golulawa @554 slagadlad dalas
3o Ol

(399 03kl y90 (55,9l (sbrodles )3 39290 (55l (Sliome
Oz 5 Ghea il buly 8 ejen—w g5 sl
Vst g sl Joba ol b o1 b Lo o
A dgwle gyl el (6550 sla el .l oadbedly olis

Brae 55l gl a5 0y (LS Giaghs pl §l Juols gl
S 3 o5 FYIAFE laed balyd 13 e juw Jg5 (ly
355 5 (ANR) Co 90 & bgiye (6551w i E)lje l 53 09
I e bausgie 3 Slas adlllae ol 1 351 (XVA) (595
e 95 53 G551 @D (yp adllan )3 b Al US>
J938e FAVYR (639)9 (5551 Oljee cplbon Yoo Gl yped )3 (S
o rYL adlles cpl o sl ol 365 0 duslre HS jo
aalllas 55 (YA) 2 03l oloaisl 05 4y io )3 YAIVA L 1) g
e 155 5 e e Jeailsy 5551 ol b3
P 4 (295 9 2909 TP Qe QS bl )3 (e
S5l ke O g b dpslome LS 5 Jg5ISS VAT o Y4 /A
2 3P i 53 g S g 4 bgye £)l50 )3 e (63959
Onien (1) Csl ol Csd 4y (35950 395 41 bogyyo oo
Ol G2 € (o) e )0 ) 53935 5351 Ol
FI¥ gAY iy 4 iw g (6)b5 gyl ol p i ws S
FYIE 9 WIA iy ar il sl (298 31 9 8o o Jgjles
5 &5 B yume adllas )3 (1)) sl 00 )1, 1S 5> 93185
MEYY (63959 5591 cJuwd)) 33 duej caw g5 (e3Laidl Jdou
2945 )3 9 gl a1 05 YAIFD 5 Shae Ly LS )5 Jg5lKe
Coamw d duoyd Ve g olosds (sdgS & (g5l ol 5l do )y -
e Mg 5l Byman 2yl 3 (YO) ol aily (olaidl
S 53 JoIS ¥V (63959 551 Oliee cpledmo! il 53 (e
o 35 395 4 barye (63939 551w (e g cdlon
(V) ol osds (555 Aoy

29 Mo yesd sl 35 oS 330 (990

e (s a5 )8 slada oS 30y sl
Slye Gln 55 gloanjp o (55,5 @Y guase 45 )5 255
23l JSuto Ll 03035 b g (6525 0]181 b g S polas e (oS
(25850 oMl jriwgid aulb )5 o5 adyed (5351 Jle lgie )
4 oad bl ol (55l U slaan o oS il (55925
3 mm sl 55 sloas i Ldlata .l ol sl (o5 15
03> o e odle (glacdyyn g WY g axe (gl sl (oS
g

o )3l by 3 03 Jooxie )50 dad il sladiz o
5 5P slraiie wile sladlie > 4y olse (L LI
Falodisie ot sladija Ao Slowy Copie sladiyja
Pedboe Jolb |y J& g oo 5 )l Sl 8 g9 Juid
29 i (S sl (o5 S y0 i L oloyh wias (sl
sl i sladiy o o Ll | (55,5Lt8 Y g ame W)
sl 95> (] (035 § (5 S0} 5 s polns oo oS ST,e
e a0 bl slaanl b s S slads o )90 nl
S0 g 4 bgrye Slow Copte sladyin A5 0 janss o
e 3 o an o ol oy b ke (sl Cmalion (oS
b g SLigal L) Jlo lyie 4) s pasiitio (555058 (oS
aclal ol 3l am b g oy b Jsb 5l (San (59555 gl
Hlissl 5 Sles Copte [ sladnje b en 4 (ausl azisly
@ HulS g ol adllas oyl p> .0 03l arasd oS ST IS 4
o | S 48 ol Sl el ) gy Jsmame S okilo (gl
s blod Glaole j3 S 08 S pias 9 Gl

ol bass Sl ddos g 40 (b sl Caws 4 slaodls
Ly il g olpe gl atiip uyle Jlo lp) (B 53 Slge
iy yd (6l & 39— Ao dlge by Ao plShs
0l Ao slaodld yound 5 (6,555L IS yob 4 .l poawlie
5 9 lse cacdyyum b oS 38150 b 3l dalsd o5lal 5yeliS 4
ol i b gee (Jlo b (jlaee Jlas a8 aST lulis |,
sty e b 2395 o (55t ©lsje b atlg o o8 S,e
WS o ol 1y Laas o a8 bagye Juloe g olse (slacdy,ua
Do o lwlid

@l g JalS dlge Ly olabe Jlov o olSin
3 Wl (15)gltS sy by 63 (S ool Mol &y ol
St ) (NS CBAL ¢ (68 o 1> da SleMb!
el el 0y ) Jb 5 il 5 Shes
S e g las ey jiao S)d sl wlge Gl plhanie
Wlg oo ol Gl S el 5 (559l iS ad)pan g 5l5e (5 )8
S 3 903)5 655k 1) (65y5liS SV same ag Ay

S5y odal e



VFer bl ¥ oylad FO s (659l drwgs g obadl aypis VY

(682 15 0 SobS) (o jimm g y3 Wliseo (5o 29,5/ (5399 Sl (5551 SBS3R0 ) Jgir
Table 1- Energy equivalents for different inputs/outputs in potato production (kg hat)

BIA 9Sd ol el “ly 2 &5 (0 e Sl i hejirer S5 Jolaa
- Energy coefficients - potato production Energy
Input and output flow  Unit (MJ unit) Potato production (MJ ha't)
(SSg I 47.8 218 10420.4
Diesel fuel
S5 o h 1.95 798 10187.1
Human labor
Ylosile h 62.7 325 1463 8
Machinery
039 kg 75.46 135 970
Nitrogen (N)
Slid kg 13.07 112 499.8
Phosphate (P205)
o kg 11.15 87 354.2
Potassium (K20)
LS le ‘
238 2.1 626.4
Herbicide g
e kg 101.2 35 26295
Insecticide
ek kg 216 2.9 9216
Fungicide
(ol (> 395 kg 03 8765 9504.3
Manure
ox kWh 36 2560 9705.6
Electricity
okl m3 1.02 9318 10420.4
Irrigation water
(026) i o
a 3.6 2696 10187.1
Seed (tuber) g
©3939 Syl go 55729.8
Total input
shte slazg >
Negative output
o =8 kg/ha 36 3760 13536
Yield losses
)J* kg/ha 36 430 1548
Seed
okl m3 1.02 4099.92 4181.9
Irrigation water
0 kg/ha 75.46 38.307 2890.6
Nitrogen (N)
Olaud
kg/ha 13.07 38.103 498
Phosphate (P,O5) g
o kg/ha 11.15 31.986 356.6
Potassium (K,0)
iSle «
238 1.6 380.8
Herbicide g
oSl kg 101.2 037 37.4
Insecticide
ek kg 216 21 4536
Fungicide
e (295 syl e 23883
Total negative output
Cute sl 29>
Positive output
25 kg 36 41000 147600

Yield




VY ol bl 30 (Suojoams 5550 9 dlgo (3l > (Sbais 3o (uolS's

(V0) ol 0 duuoloee VIVY ool )3 (cuoj s

Sz 35095 93 3 peg—aste 5551 5 3Pl oo e
Al 13 (3gys slaces sl <y pas ol s 45 59 LSS
2 s b wly luls 3 palls (6551 Jg ol g
o 4wl Jo3&e YYAAY Colas olgo 4l ys obdl s ol wl
935 ad 03 s gyl ws o (555 Hlase pl a8 Lxe
P pegate &5 padls i ol i ol B3 51 5590
@ G 9 )5 b pllas (gl s S (MK s )l
3 TY) Gl oa b Dyl 2, SokS 930 VIO o VIS cus
e (il bl )3 o) caw Mg (655 (2] adlllae
oA 5yl g S oS p JgiKe VY og—ase (655l pad L
2 oAl g5l (F) Gl pad diuwlon HiSa 45 53K FY - YO
L)“’)‘)'? )L'.'Sdb 2 Js)lia YeAA L).)g‘)g Jﬁb)‘ u.\_m) [ESva—) .\.Jy
Mg 50 G5l g e 5 prg—atte (5551 (YO) cl a5
I¥Y 5 p,S50hS 5 Jo58e YWY iy du plag ol oja—w
03938 9 (53] 590y el 0a5 (5155 p SolS  JgilSe
IV cy a Ghen S dej caw 550 LA
u_wl [ — .))91).3 )L’»'SJb » J9)L§° AYYD) 9 J9)Kn » fb)§9l.5
g sy G5 oo pes—ate 5yl sl (V)
2 JoiEe YV ey 4 6,500 adlbs > les > ojoa—w
(YA) ol 02 e Jy55 S5 Y 5 53k

lr 62959 38! i cplien lial 13 (65505 adlllas
dslone JiSa 53 Jg3e VOVIOY B NOYeVY ¢ po) s Sl
o Mg (gl lden )3 a8 (6,500 adllas )3 (YY) Cwl 0a i
P oS YA Mg el (6399 (351 sl 02 plosil i
0l dwlro LS 0 Jo3Ke AYYAF L plyy JliSe 1> o)
2 Solas 51 il s 555 polie ;0 35350 luwgs (VA) Cl
2y )3 0l dSlas Gl (imen g upde g (o) Olides
Adlior (s 2y90 Bblie pdaw
o gy ol 5l 03l b g5l30 53 (6551 Gyama lylS
ol bdsie gylulus oolatuwl b a8 Jls 3 s acwle Y/50
Gyuno ohlS g0 YU .ad ailoes YIYY b ply (sl oyl dlgo
wiie sy (18)5 Hlai > pas cle 4 i)y (g)lubus 3 (g5
5 9 238l o 3] olaed bl jd e Agi pllas 3 a8 !
sl 1 39w Bl (g5l G yme ]S Axolne
9 G5 pegdle wlse gl liatie ol p (55l
Gl (£)%05 €y yum gl s 30 e (55 3 Sdes ©)jgu0ay
2 29 blod (651 (glacu s dloxe j3 1 &S (ke (5 )
Ol Sl 3 (e) o W55 (551 (2L () 2 adllas
adllas cnl ) 551 ago e 9 YWY (6551 Bpmae (S ke
5 5 o AT+ ol 05 s JgiSa 3 .55k /0%
15 Sy 551 Bme 2D el 0 ()15 1D 30

&) Syl 93050 Bl ya (2L ay 3 (olwl 12 (Suejicaw MgT )3 (6551 (Cud - Jgaa
Table 2- Conventional and MFCA Energy ratios in potato production.

Energy indices

dgo Gl phavir @) Gylulee
MFCA

Conventional

$2919 S35
Input energy
TSRSy
Output energy
e (55
Positive energy
e g5
Negative energy
S5 Span 2l
Energy use efficiency
&l s
Energy productivity
weyase )
Specific energy
oAl 5y
Net energy

55729.85

171483.06

147600

67987.09

55729.85

147600 .00

147600

23883.06 0

2.22 2.65

0.74 0.74

1.36 1.36

91870
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Table 3- Material costs for agricultural process including positive and negatives products in potato production

o5 )3 6550 905k 3959 Gl . . aly b Ay o jieaw a2 Jolro
anja L-;'Ii &;gtwé{o p@Mrodu ::i(')en:(:hﬁ )'”"’ _séjst _»f} P:::t)o .p“[’odu”(:ﬁoﬁ cost
Input and output flow (Rials unit?) (Rials ha')
g 218 3000 654000
|
Diesel fuel
&5 oy h 798 100000 79800000
Human labor
YTyl kg 325 200000 6500000
Machinery
Oiars kg 135 7700 1039500
Nitrogen (N)
Slawd K 112 11000 1232000
Phosphate (P,0s) g
L 87 15000 1305000
i kg
Potassium (K;0)
siSdale kg 21 250000 525000
Herbicide
siSed] kg 35 250000 875000
Insecticide
Sz, kg 2.9 250000 725000
Fungicide
(Hols) sels 38 kg 8765 7000 61355000
Manure
«.3)’ - KWh 2560 614 1571840
Electricity
ol ol 3 9318 15000 139770000
Lol m
Irrigation water
(02£) 5 kg/ha 2696 55000 148280000
Seed (tuber)
3939 o> 443,632,340
Total input
e b (295
Negative output
ol Cdy)un ka/ha 3760 43000 161680000
Yield losses g
i 430 55000 23650000
2
kg/ha
Seed g
Ll o 4099.92 15000 61498800
Sl < m3
Irrigation water
ey 38.307 7700 294963.9
| o kg/ha
Nitrogen (N)
Olawd 38.103 11000 419133
kg/ha
Phosphate (P,0s)
: 31.986 15000 479790
o kg/ha
Potassium (K;0)
S dale kg 1.6 250000 400000
Herbicide
S el kg 0.37 250000 92500
Insecticide
oS 26 kg 21 250000 525000
Fungicide
B (9> sl A Zen 249040186.9
Total negative output
Cute glo (295
Positive output
5, Sles o 41000 43000 1763000000

Yield
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Table 4- Economic analysis of potato production

sl g 4232 32! T P N
Cost and return X Conventiona
components Unit MFCA |
My JS§ o3l Rials
Gross value of production ~ /ha™* 2012040187 1763000000
o Mg Rials
Positive /ha™! 1763000000 1763000000
e Mg Rials
Negative /ha™t 249040186 0
PP [EERW Rials
Gross return /ha™? 1568407847 1319367660
o3/ ayjp s
Cost benefit ratio 4.54 3.97
S > Ao
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Introduction: In recent decades, due to increase in population and demand for agricultural products, creating
new forms of energy in the agricultural sector and improper use of inputs due to lack of proper management, this
economic sector has become an energy consuming sector. So far, various studies have been conducted to measure
energy efficiency and cost in the agricultural sector. In most studies conducted in Iran, energy efficiency for the
production of various crops has been calculated based on the final product besides material wastage has not been
considered in terms of energy and cost. Material Flow Cost Accounting (MFCA) is an environmental management
tool that can help farmers completely understand the financial and environmental consequences of using materials
and energy and provide opportunities to achieve them, as well. Unlike most environmental management systems
such as ISO 14001, which, despite their impact on reducing environmental damage, do not explicitly help increase
farmers' incomes and even impose additional costs on farms, the implementation of the MFCA, by striking a
balance between the environment and the economy, would have significant results in increasing energy and
material productivity for many farms.

The main purpose of implementing MFCA in potato production is to quantify and identify the losses of
agricultural inputs, which leads to effective management of residues and emissions in different stages of crop
production. All output materials, including agricultural products and wastes in different stages of production, are
calculated and measured in this method.

Materials and Methods: According to ISO 14051, the MFCA is a management tool that helps farmers
recognize and reduce the potential environmental and financial consequences of product development. Likewise,
this tool provides opportunities for achieving environmental and financial improvements through the transparency
of processes. Accordingly, MFCA can provide important information at various stages of the cycle of Plan-Do-
Check-Act (PDCA) (figure 1).
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Fig. 1. PDCA cycle for MFCA implementation in soybean production (15O, 2011).

The use of materials and energy in the agricultural sector is tracked and evaluated through the development of
the material and energy flow model (in terms of physical units such as mass and volume) in the method of MFCA
(figure 2). In this phase, the raw materials consumed, the energy used, costs, as well as the emissions to atmosphere,
soil, and water are quantified. Within the system boundaries, the following assumptions and limitations are
adopted:

System boundaries do not include: construction of factory buildings, vehicles, machines and equipment, etc.
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System boundaries do not include: transportation

Energy balance analysis is a method to identify and evaluate various energy flows that take part in the
production system. This analysis determines how efficient the energy is used by establishing the relationship
between energy inputs and energy output. This relationship estimates whether energy is lost, gained, or would
remain the same.
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Figure (2): Material flow model for potato production within the MFCA boundary

Results and Discussion: According to the results, the highest amount of energy input comes from fossil fuels
and nitrogen fertilizer. Based on the energy and economic indices calculated by the two accounting methods (i.e.
conventional and material flow cost accounting), it was found that the total value of potato production based on
conventional accounting is 7,195$ per hectare, while this figure is 8,2123% per hectare based on material flow cost
accounting method. Energy efficiency in farms, applying conventional energy accounting, was calculated to be
2.65, while this index, using material flow cost accounting, was calculated to be 2.22. The difference between
energy efficiency and cost-benefit ratio is attributed to the negative production value obtained in the potato
production process in Hamadan province, Iran. Potato growers can increase their income up to 1,016%$ per hectare
through management measures. If the negative production is reduced, the cost-benefit ratio will increase by 0.57
in the production process.

Conclusion: Costing energy and energy flows through a comprehensive assessment of energy and costs helps
to foster the relationship between the economy and the environment. Using the suggested solutions can save a
significant amount of money on reducing negative products. MFCA recognizes the material and energy waste,
and, farmers, by applying it, enhance their awareness of the usual losses in the field. Farmers, also, can improve
processes on their farm and reduce production costs based on a rational assessment.

Keywords: 1ISO 14051, Energy efficiency, Energy accounting, Environmental management, Energy efficiency
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Table 1- Description of attributes and their levels in PES program

3T
Attributes

Ty oY
Description of attributes

Tsbw

Levels

sl xje 00
(Distribution of payments)

als,ly8 e
(Duration of the program)

! glejle
(Executive organization)

aoly p oyllas b dlaws
(Monitoring times)

by 1 Glpaail 1Sl
(Cancellation of the contract)

258 @is OhS @R Ole » (Frge 42 & NS Spae By b
How to distribute consumer payments to rice farmers

PES wby wse Job
Duration of the PES program

PES wby ol glesls

Executive organization of the PES program

g eo ylas Aol p Jho o a5 Sldd slas
The number of times the program is monitored each year

g @) aliy j) algi e PES asliyy byl 5 6 o
Both PES parties can exit the program

"o E s ples 4l el
“Equal payment to all rice farmers”
"ol )308 B 4 e 8l
"Pay more to low-income rice farmers"
(Wloga) wreoliss’

(s & J8las) essensd; Short-time (two years)
Long-time (At least five years)
I
Governmental
oyt
Private
o)

1 time
LY
2 times
LY
3 times
3l dgeg CBlpasl Sl
It is possible to cancel
316 2939 Bl puasl 1SG]

It is not possible to cancel

(Jby) (s31op cuosd LS oo by )y 4 B Bpas &S e 280000
(Price) The amount that consumers pay to rice farmers 310000
Source: Research findings i slaal :isle
by oY Jao ls -F Joua
Table 2- The result of conditional logit model
l _ e
gye) (slro B1,541) VAN S blod (5l 31,551)
Variable Coefficient Z Statistic WTP Marginal effect
(Standard error) (Standard error)
by 1.5009**
T 3.30 -
(Constant) (0.4549)
Ledly i 0s 0.18011** 168 1001 0.00202
(Distribution of payments) (0.10742) ' (0.00173)
22)l5 e 0.3547** 0.00283
(Duration of the program) (0.1099) 3.23 1973 (0.00236)
@bl glojls 0.1285 119 0.00158
(Executive organization) (0.1079) ' (0.0014)
aoliy yr yllss labs laws 0.2845*** 0.0025
3.94 1582
(Monitoring times) (0.0722) (0.002)
aoliyy 51 Bl s Sl -0.0903 082 -0.0004
(Cancellation of the contract) (0.1096) ’ (0.0009)
By Cad -0.00017%** 503 -0.00000122
(Price) (0.000035) ' (0.0000007)

Log-likelihood full model=-1350.5
LR Chi?(7)=71.642
Prob>LR=0.000
McFadden’s R2=0.027
Pseudo R2=0.027
AIC=2625.02
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Source: Research findings Olgi bl sisle

Ol (9051 gl Y Jgae
Table 3- The result of Hausman test

a5 95 55 o,bo] &> e o
Alternative X2 Statistic Significance level
P F 56854.5 2900 2) o 4555
(The second option) (The null hypothesis is rejected)
(The third option) (The null hypothesis is rejected)
Source: Research findings Sidgsy slaasl :sle

sloial - ladl (s S5y Bl b (Bolai jel)ly con¥ Joo -£ Joa
Table 4- The result of RPL model with socio-economic characteristics

S ol Hlai eyl po A1 4 bl
o (slme 1 5il) Z okl (slme 1 531) Z s )bl WTP
Variable Coefficient ~ ZStatistic  Random Coefficients ~Z Statistic
(Standard error) (Standard error)
b oy 1.1384*
T 213 - - -
(Constant) (0.5355)
sy @iy 0ps 0.29515* 0.7323%**
(Distribution of payments) (0.1484) 1.99 (0.2031) 3.61 914
B8 e 0.4280** 0.0758
(Duration of the program) (0.1465) 2.92 (0.3159) 0.24 1326
! glojle 0.1601 0.96 0.9070%** 450 .
(Executive organization) (0.1669) ) (0.1975) :
asliyy ol labs sl 0.4346%%* -0.12006
4.76 -0.55 1347
(Monitoring times) (0.0913) (0.2170)
iyl Bl il ISl -0.1829 0,87 1.4226%** 503 )
(Cancellation of the contract) (0.2099) ' (0.2399) )
By Cuad -0.00032*** 401 ) ) )
(Price) (0.00006) '
O 0.00000071* 1.66 ) i i
(Age) (0.00000103) !
Job g -0.0000114 0.59 ] ] ]
(Marital status) (0.0000192) :
i -0.0000455* 199 ] ] ]
(Gender) (0.0000229) '
N slael s 0.00000544 0.68 i ) )
(Family number) (0.00000803) '
115=5405 olaws

Number of samples=115
2415=clualine dlass
Number of observations=2415
logLikelihood=-720.085
LR Chi?(5)=51.98
AlIC=1450.1
Source: Research findings Oidgh basl isle
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Table 5- The result of latent class model

e I T o ) Ca 13y 4 Jolod
sl g (lze 1 y5il) Z ol céls (Hlme 145l Z o, (okes’)
Coefficient Class 1 Z WTP Class 2 @z WTP
(Standard statistic) (Toman) (Standard statistic) (Toman)
error) error)
besby @iy 0 -5.1852 0.861**
(Distribution of payments) (6.04) -0.86 i (0.26) 3.30 3535
Slsy)l8 e -1.0484* 0.684**
(Duration of the program) (0.55) -1.88 (0.325) 2.10 2978
Il olo sl **
w2l ) 7.652 -0.917
(Executive organization) (9.763) 0.78 (0.372) -2.46 -3918
Aoy yllas leds olaws -1.337 0.793***
-0.63 - 3.56 3525
(Monitoring times) (2.131) (0.223)
by 3l Gl Sl
; -2.894 -0.00085
Cancellation of the ) (5.992) -0.48 - (0.515) 0.00 -
(contract
By -0.0028 ) -0.00022*** ) )
(Price) (0.0035) 0-80 (0.000085) 263
oW Cogas @b culpe
Coefficients of class membership function
ol oy -109.389 2.583*
(Constant) (176.583) (1.382)
o 11.594 0.0749%**
(Age) (17.806) (0.210)
Sl -29.187 -0.782*
(Gender) (39.066) (0.4735)
EMpass 0.056 0.268***
(Education) (0.225) (0.0671)
oW Cags Jloisl
The probability of class membership
0.386 0.613
115=4g05 olaws

Number of samples=115
2415=clualin dass
Number of observations=2415
logLikelihood= -712.799
LR Chi2(s)= 343.166
McFadden Pseudo R'=0.194

AIC=1483.6

Source: Research findings
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Introduction: Among the various available tools in the field of natural resources and environmental
management, the payment for ecosystem services (PES) is one of the market-based methods that is considered
worldwide to protect the environment and ecosystem. PES is an important method for effective management of
natural resources and public goods and one of the tools for managing degraded ecosystems and related
environmental and economic services. Considering that Sefidrood is considered as the most important and valuable
source of agricultural water supply and aquatic environment in Guilan province, and also the water quality of this
important river is in a bad and very bad condition, this study was conducted using PES economic tools through
payments by rice consumers in Guilan province to rice farmers and thus encouraging them to take environmentally
friendly measures (organic agriculture) to reduce pollution of the Sefidrood River.

Materials and Methods: This research was conducted using a choice experiment method. In our CE, each
PES alternative is described by a set of attributes that include distribution of payments, contract duration,
implementing organization, monitoring times, possibility to cancel and payments. First, to investigate the effect of
different attributes of PES scheme on rice consumers' willingness to pay and their marginal utility, a conditional
logit model was used to compare the results of random parameter logit model and latent class models with a base
model. Then, the RPL and LC model was used to further investigate the invisible heterogeneity that exists in the
behavior of respondents. The RPL model is an advanced model that allows attributes coefficients to change
randomly among respondents. Therefore, instead of estimating a fixed coefficient for each attribute, two
coefficients are estimated, which together describe the distribution of heterogeneous preferences of the respondents
for this attribute.

Results and Discussion: To confirm the CL model, the independence of irrelevant alternatives assumption
was performed using the Hausman-McFadden test. Given that the value of chi-square statistics has become large
and significant, therefore, the CL model is not suitable for investigating the effect of attributes on consumer’s
willingness to pay, and more advanced models should be used. For this reason, RPL and LC models are estimated.
According to the results of the RPL model, the highest willingness to pay is related to the monitoring times therefor
indicating that consumers are willing to pay 1347 Tomans for more monitoring. The amount of willingness to pay
for the duration of contract and distribution of payments is equal to 1326 and 914 Tomans, respectively, which
indicates if the contracts are short-time and also more payments are made to low-income rice farmers, the
willingness to pay will increase to 1326 and 914 Tomans, respectively. Based on the results of the LC model, in
the first class, except for the contract duration, all other attributes were not statistically significant. In the second
class, the distribution of payments, the contract duration and the monitoring times with a positive sign and the
implementing organization with a negative sign are significant. Class membership coefficients for organic rice
consumers indicate that the likelihood of being in second class depends significantly on the respondents' age,
gender, and level of education.

Conclusion: The results of RPL and LC models confirm the existence of heterogeneity in the preferences of
organic rice consumers. Therefore, appropriate methods can be used to differentiate organic products and thus
improve the utility of consuming these products. Consumers were also more inclined to have a short-time and high
monitoring scheme, this result is not unexpected due to the novelty of the scheme. Therefore, it is recommended
to start short-time schemes with high monitoring. Consumers also tended to make more payments to low-income
rice farmers, so it is recommended that lower-income rice farmers be given priority in implementing the PES
scheme. The results of both model showed that the distribution of payments and monitoring times had the highest
priority for consumers in choosing the PES scheme, respectively. Therefore, in order to increase the participation
of consumers in such schemes, it is recommended to include these attributes in the schemes. Also, although PES

1, 2 and 3- Ph.D. Candidate in Agricultural Economics, Associate Professor and Assistant Professor of Agricultural
Economics, Sari Agricultural Sciences and Natural Resources University, Sari, respectively.
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is not designed as a tool to reduce poverty, it can increase the incomes of low-income rice farmers and help their
livelihoods. Given that such schemes have not yet been implemented in Iran, it is suggested that in order to increase
consumer participation, various levels of attributes should be provided to the respondents.

Keywords: Choice experiment, Guilan province, Random parameter Logit, River pollution, Willingness to
pay
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Table 2- Statistical description of input and output energies (MJha?)

L ol ol Ol gk g g shro Bl 45l
Parameters Average Coefficient of variation Standard deviation
S5 28k 59423.8 0.2 11354.4
Total yield
S5yl
Total output energy
29LiS sl
G530 O 10678.6 1 11059.8
Machinery
S s 2033.7 0.7 1435.4
Human labor
b pyms 49348 1 4877.9
Poisons
5 sl
@L‘“‘“‘ f’_f 7530.5 15 11610.9
Chemical fertilizers
N 215 0.8 173
Tree
S S
ot 75 4499.4 13 5820.8
Electricity
(o 5323.1 0.6 3196.4
Diesel fuel
Js 59,9 &.5))"‘ 35021.6 _ _

Total input energy
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Table 3- The results of constant and variable return to scale efficiency in RDEA model at 30% uncertainty level and 10%,
50% and 100% probability levels
1) Elgil P e Sl Sl nSile
Types of efficiency  Standard deviation Maximum Minimum Average
p=100% (DEA)

o S 0.07 1 0.64 0.98
CRS
Al b s 0.04 1 0.81 0.99
VRS
p=50% (RDEA)
o S 012 1 0.52 0.96
CRS
oAl b s 0.07 1 0.7 0.98
VRS
p=10% (RDEA)
o5 S 017 1 0.39 0.93
CRS
oAl s s 0.11 1 0.6 0.95
VRS

[¥ g o 1Y o]y yUsab! pac robaw g +/0 Jlois! mlaus ;3 RDEA Jao S8 2,5 sl -£ Jou>
Table 4- The results of CRS efficiency of RDEA model at probability level of 0.5 and uncertainty levels of 0.1, 0.2 and 0.3

A J Y /A=Y A=A A=A [Tl <1
Efficiency level Total 1 0.9-1 0.8-0.9 0.7-0.8 0.6-0.7 <0.6
e=0.3
oSSle 0.95 1 0.93 0.82 - 0.65 0.49
Average
Slaalie sl 40 33 2 1 - 2 2
Number of observations
Jhxo 3yl 014 - 0.4 - - 0.07 0.01
Standard deviation
e=0.2
ke 0.95 1 0.93 0.82 - 0.65 0.49
Average
Slaalie sl 40 33 2 1 - 2 2
Number of observations
Hlxe L8 il 0.14 - 0.04 - - 0.07 0.01
Standard deviation
e=0.1
ke 094 1 - 0.84 0.71 0.63 0.48
Average
Slaalie sl 40 33 - 2 1 1 3
Number of observations
Jhxo 31yl 015 - - 0.002 - - 0.05
Standard deviation
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Table 5- The results of FIDEA model at different levels of o (0, 0.4, 0.8 and 1)

Ga9biS ylows b Yhus el s YL o ombas Yoo gubos Vi

Farmer Low Upper Low Upper Low Upper Low Upper
number level level level level level level level level
o=1 0=0.8 o=0.4 o=0
1 1 1 0.961 1 0.887 1 0.821 1
2 1 1 0.963 1 0.894 1 0.83 1
3 1 1 0.954 1 0.868 1 0.791 1
4 1 1 0.964 1 0.897 1 0.834 1
5 1 1 0.955 1 0.87 1 0.79 1
6 1 1 0.967 1 0.906 1 0.849 1
7 1 1 0.955 1 0.871 1 0.793 1
8 1 1 0.967 1 0.904 1 0.846 1
9 1 1 0.968 1 .908 1 0.851 1
10 1 1 0.974 1 0.923 1 0.876 1
11 1 1 0.977 1 0.934 1 0.893 1
12 0.944 0.944 0.908 0.943 0.842 0.942 0.781 0.94
13 1 1 0.971 1 0.916 1 0.864 1
14 1 1 0.951 1 0.862 1 0.782 1
15 1 1 0.96 1 0.883 1 0.812 1
16 1 1 0.957 1 0.876 1 0.801 1
17 1 1 0.98 1 0.941 1 0.902 1
18 1 1 0.958 1 0.877 1 0.801 1
19 1 1 0.96 1 0.885 1 0.814 1
20 1 1 0.985 1 0.952 1 0.915 1
21 1 1 0.969 0.997 0.894 0.975 0.825 0.954
22 0.997 0.997 0.948 0.993 0.856 0.985 0.773 0.986
23 1 1 0.967 1 0.904 1 0.845 1
24 0.471 0.471 0.457 0.472 0.43 0.475 0.404 0.478
25 0.573 0.573 0.546 0.578 0.494 0.583 0.446 0.589
26 0.738 0.738 0.719 0.734 0.681 0.727 0.645 0.719
27 1 1 0.969 1 0.91 1 0.853 1
28 0.784 0.784 0.754 0.771 0.698 0.746 0.647 0.722
29 1 1 0.951 1 0.866 1 0.794 1
30 1 1 0.966 1 0.901 1 0.841 1
31 1 1 0.955 1 0.873 1 0.798 1
32 1 1 .98 1 0.94 1 0.9 1
33 1 1 0.957 1 0.877 1 0.804 1
34 0.394 0.394 0.375 0.397 0.339 0.404 0.306 0.41
35 1 1 0.988 1 0.963 1 0.938 1
36 0.468 0.468 0.45 0.47 0.416 0.476 0.386 0.482
37 1 1 0.975 1 0.926 1 0.879 1
38 0.608 0.608 0.585 0.601 0.543 0.587 0.504 0.575
39 0.927 0.927 0.902 0.928 0.852 0.928 0.804 0.926
40 1 1 0.984 1 0.952 1 0.92 1
Average 0.923 0.923 0.891 0.922 0.83 0.921 0.774 0.92
Standard 0172 0172 0.167 0.172 0.159 0171  0.153 0.172

deviation
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Figure 1- Percentage reduction of real values vs optimal values of input energies at uncertainty level of 20% and probability
levels of 10%, 50% and 100%
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Introduction: One of the principal requirements for sustainable agriculture is efficient energy use. Energy use
in agriculture has been increasing in response to the growing global population, limited arable land and desire for
higher living standards. It should be noted that agriculture contributes significantly to atmospheric GHG emissions,
with 10-12% of the net global CO, (carbon dioxide) emissions. The scientific community believes global warming
will pose one of the major environmental challenges in the future, with the bulk of GHG originating from fossil
fuel consumption. Kiwifruit is an economically important fruit crop in northern Iran, because the northern region
of Iran is a suitable, natural habitat for kiwifruit cultivation. The high kiwifruit production in Iran has reached a
point that Iran is now well-known on global markets and in recent years this fruit has contributed a large share to
agricultural exports. More recently, Mazandaran horticulturists have been encouraged to produce more kiwifruit.
Increased production leads to greater energy consumption by Iranian Kiwifruit orchards due to the added
application of inputs, such as fertilizers and fuel. Besides, where there is no clear energy consumption pattern in
agricultural production, especially fruit orchards, a lot of energy dissipates in the fruit production cycle. Therefore,
it seems necessary to provide a model for the energy consumption of kiwifruit orchards in Mazandaran Province
to prevent excessive energy utilization. Energy analysis is one of the methods has been used to evaluate the status
of agricultural production. In this regard, many researchers have used Data Envelopment Analysis (DEA) for
optimization the energy consumption in agricultural productions. DEA is recognized as a methodology widely
used to evaluate the relative efficiency of a set of decision-making units (DMUs) involved in a production process.
Although DEA is a powerful tool to measure efficiency but the uncertainty in the applied data in this model is
inevitable and there is need to use different models that be able to control this uncertainty.

Materials and Methods: In this study, in order to determine the efficiency of kiwifruit orchards in Mazandaran
province and in terms of uncertainty of input data, the Robust Data Envelopment Analysis model (RDEA) and
Fuzzy Interval Data Envelopment Analysis model (FIDEA) were used. The method incorporates the degree of
conservatism in the maximum probability bound for constraint violation. The required data were collected by
distributing and completing a questionnaire and face-to-face interview using random sampling method in 1397-
98.

Results and Discussion: The results showed that the average technical efficiency of all kiwi fields in RDEA
model at three levels of probability include: 10, 50 and 100% is equal to 0.93, 0.96 and 0.98%, respectively. The
results of FIDEA model showed that if the level of parameter a (optimal use of production factors) increases, the
average efficiency of kiwi fields will increase. The highest energy savings are related to chemical pesticides and
the lowest amount of savings is related to the chemical fertilizers and electricity inputs, respectively. So, holding
the training courses on the correct and optimal use of production inputs from an economic and managerial point
of view and improving the level of knowledge of farmers and factors involved in kiwi production in Mazandaran
province can improve the efficiency and save energy consumptions.

Conclusion: Evaluating the performance of many activities by a traditional DEA approach requires precise
input and output data. However, input and output data in real-world problems are often imprecise or vague. To
deal with imprecise data, this study uses RDEA and FIDEA approaches as a way to quantify vague data in DEA
models. It is shown that the approaches can be a useful tool in DEA models without introducing additional
complexity into the problem. A case study of kiwifruit orchard units is presented to illustrate the reliability and
flexibility of the models. As a result, efficiency decreases as the constraint violation probability increased.
Additionally, the RDEA approach provides both a deterministic guarantee about the efficiency level of the model,
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as well as a probabilistic guarantee that is valid for all symmetric distributions.
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3- Propensity Score

4- Mahalanobis Distance Matching
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6- Sub classification Matching

7- Nearest Neighbor Matching

8- Optimal Matching

9- Genetic Matching
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Table 1- Equating family members with different ages as a
share of an adult in order to food content absorb

o 0955 50 o)
Age group Man Woman

0-1 0.33 0.33
1-2 0.46 0.46
2-3 0.54 0.54
3-5 0.62 0.62
5-7 0.74 0.70
7-10 0.84 0.82
10-13 0.88 0.78
13-14 0.96 0.84
14-16 1.06 0.86
16-18 1.14 0.86
18-30 1.04 0.80
30-60 1 0.82
+60 0.84 0.74
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Table 2- Summary of information related to the study variables
s poi e
Variables Description
(PS5 ko) 08l
Iron (mg)
(5 ko) ool
Calcium (mg)
(p25) o
Protein (g)
A Leling
(5 9,5)
Vitamin A
(mcg) las dploee Lalgils clasiss 3, Slae Lo oS e oligy 5 (58 Yl VoV+ 5l yme (VIS ol5 Yo v ledl I ool
C ol e ole daw 3,50y o (V) datly sk 5 oliE (slgioe
(P55 skee) Using the information of 200 items of consumer goods from 2020 urban and rural households, forming the
Vitamin C nutritional performance matrix of households, calculating the equation of food content through equation (2) and
(mg) estimating the level of nutrient
(PS5 ske)
Vitamin B1
(mg)
(%) ©lydengrs
Carbohydrates
()
(%) s
Fat (9)
Copuic> =05 JPB Sy 917350 gl Gy
Gender Male head of household = 1 and female head of household = 0
g +Flgr g P Cuw o 9 VZ3lgusly SIS Sy o
Literacy Head of literate household = 1 and head of illiterate household = 0
gl ae el lacl olus
Family size Number of household members
ié sus 550 20s 500,50 odlatwl 05 (olde )y )0 (oY 09)5 b I gl a5 Canl me cpy ¢ 33s )10 VY B+ odgasre o (gis (lds £oi
“Siet;r;” ol 03905 030l 395 I3 015 13 YIS 09,5 V) pn 31 sl o sl ine
vari Dietary divercity has ranges from 0 to 11; The number 0 means that the household has not used any product
diversity
group in its diet and the number 11 means that the household has used all 11 product groups in its diet.
(7) Ay bl 32 (S s 33900 5 (V) ey oy 5| i (slgiomo aholas dssbone L Jls (Slardis 3, Shas o Sls LS5 J
gl 550> Slie @b g 13k SYL (Vh) 21 el el (sl Sl 0,90 (5 I ien 31 (V) PSS o yians 53 ) olime s iz
ey ool e all jlas Jgls wsl B, < 0,51 Ll ail e i ool gl Jainyee sl L34 B, >0
R S After forming the nutritional performance matrix of the households, calculating the equation of food content

Food security

through Equation (2) and estimating the calorie level, based on Equation (3), if the amount of calories available
to the household (y;,) of the amount of calories needed to provide security Food (yy() is higher, or in other

words, if 8, > 0, the household in question has food security, but if 8,, < 0, the household is food insecure.
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Table 3- Minimum required and average nutrient intake for an adult in Tehran province (person/day)

Ol 43 CdL y> auvgin

Sro 03k 35U 2 90 JBlas ) ] )
Nutrient Minimum requirements The average received in province
q 2016 2017 2018
(e ke) 2! 16 15.7 159 15.8
Iron (mg)
(pSiske) o 1000 598 599 591.6
Calcium (mg)
(p5) 0952 70 82 83 81.9
Protein (g)
(p53550) A s 550 626 615 603.8
Vitamin A (mcg)
(pFke) C Loty 80 97 99 985
Vitamin C (mg)
(p5 i) BL etz 12 16 16 16
Vitamin B1 (mg)
(p5) smses 130 354 374 368.4
Carbohydrates (g)
() w2 70 71 74 71
Fat (g)

Source: Research findings

loyite OJlF oy J| Juol @B cif 4 0 ¥ Jihe 0,8
Ol Sd a1 (6300 dlge Bl jd Cunidg dwlie (gl o oS
ol pd e e oyl ‘_gJ.,oi)b Vb 5 Slbe lasan L, ‘_gAaT)J

)l 3929 g 93 pite sl Johar

Cun—2g Jl o9

Sxe dlge il Cumidg (gilwyex gy 5l eoliiwl b deld] 4o

99 33 33,5 oo dunlie Sad Lo b gaelyd il Sad 4w
piY kel 5l s o ol sl e Je 29l 51 U8 (sjlsn
NP sy 2)98 (S5 (sla o ilg5 ol Y Al o8



VOO

Ol ol ‘5.\»1).: S ;o o1aé Codul g £955 ((gIRo dgo B pan oIy Kod g Jixd,

Gy b bl pl pccwl 3olo o Cumin g dlgw juiio 9
Joe pbol b &S el jase io 0 9 F Jolis ;5 e &) ol
A Ojle drly g 4l ials loog)S o locglds (gjlw)y>
Slods L)io.m )‘9}5 dx g .)‘9...: Couni> d.n];o L) u.\)Lu)‘ » ‘.m09)§
Slge bl yd Cux sy dumlio doldl jd &S il xe s el oyl
Yl g Sl slacsas I ool 8l L 8l lacsas > sdse

) eSS gl dm g dlgw dmin 45 D95 0 plou] (gal >

ol bl pgd (g 9 il Jos 5l S 1) (SeS slapiite
olea Jlio (lsie 43 o L5 (gilygr Joo jlan ]y b it
g Joc | I8 ol a3 d 5 Jglas ol 1 5 465
ez b sl ol Sod s Jlgls dny (il o M
ol +IEY g +/0Y Jolee i (gdel s (VL aw g Sl S
ol el il zals /o) 4y M ] e5anysn s b Lo
€l 500 456 it oyl uSilie 51 lyou] VS ooy imlS

g0l (il 5 (il (SBSB (gide dlge L > Cundg dmnlilo Ca (SoS (S paiie (198 (uyr —€ Jgoa
Table 4- Assessing the balance of covariates to compare the nutrient intake status of the lower and middle income deciles

Siyee 3l b Silwyg 5l ax
o i Before Matching After Matching
6 g ; B youi] BWA ] g 5 Sl ol AYS |
Variables ovlh S aw S ‘S&-a sk )’i’ P S aw S &h-b JIrES )’T
Three lower Four middle oSS 5 Three lower Four middle eSS 3
deciles deciles std mean diff deciles deciles std mean diff
T 1.19 1.08 30.65 1.19 1.18 0.73
Gender
Ol 1.23 1.08 36.51 1.23 1.23 0
Literacy
’195_& '\” 2.97 3.48 -37.39 2.97 2.96 0.84
Family size

Source: Research findings
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Table 5- Assessing the balance of covariates to compare the nutrient intake status of lower and upper income deciles

Silwyg 5l J3 Silwyen il am
5 ok Before Matching After Matching
Var’i;bles ool Sasaw  YuSasaw SIS L Sasaw YuSadsaw  Sledl WS
Three lower High three oSbo 1 Three lower High three oSk 3
deciles deciles std mean diff deciles deciles std mean diff
T 1.19 1.08 26.27 1.19 1.20 -4.03
Gender
.519»)
. 1.23 1.08 37.26 1.23 124 -0.33
Literacy
)195-15 "\” 2.97 3.48 -48.84 2.97 2.98 -0.10
Family size

54850 sl 5k
Source: Research findings
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Table 6- The status of nutrient received in the three lower income decile compared to other deciles

S S s 4 Cowd YU S dw d S
. Compared to the four middle deciles Compared to the High three deciles
Saxo 03k .
Nutrient calps o,k e ‘5 el ps t o,k 5‘ .
Coefficients t-test B Coefficients t-test SiBuse
sig sig
(S ske) 2! .75 381 0.00 4 9.11 0.00
Iron (mg)
(PS5 k) o -104.67 6.27 0.00 -199.23 1256 0.00
Calcium (mg)
(¢5) ox9x 11002 4.70 0.00 25 1111 0.00
Protein (g)
(e s ”gf‘) A Ll -52.69 -2.20 0.02 -100.14 -9.37 0.00
Vitamin A (mcg)
(F)_ggk"f) C ol -23.54 -3.22 0.00 -52.03 -14.14 0.00
Vitamin C (mg)
(pSiske) BL onebzy 0.10 248 0.01 -0.34 7.48 0.00
Vitamin B1 (mg)
(p5) spss -29.9 -3.37 0.00 -70.32 -6.91 0.00
Carbohydrates (g)
(p5) o -6.74 -3.21 0.00 -23.34 -11.59 0.00
Fat (g)

Source: Research findings

Sl |y bjls ool Glgicee (Brman 2l Do 4 (b gs b &S
CeksS (b 3l 2090 555 el e 5o S 5y S 28
slacSas aS (l adag b alaly cpl )3 )0 olpen 4s 0 (6l
5w g daly3 o dmals (clacSad ol 4 Cous (gl oyl
@y 5 ably (2l auyd @) o8l pl Bl ol Jb
Ao ol )51y 55 wligy (sjls el (s ggite sl 5
395 slS’ 0039y (sajls el 3 byl 2Bl 31 B 29d 0 carus
Dl S ) slaylgls lae > olié talli g8y Jlois]

b

o b eral sy (sl Sas aws olie cutel 9 £95 Y Jodo )

i g Sledb 5 48 468 slad ol 05 duglio IncSand
el yd oyl Sod s oI5 el g £45 pukie oy Cul
Sy dy Cu s g —+/+% g =+/V Ciy dy lo Sad & Cu i
ol Sl ol 51l sdal cans 4 =+ /YN 9=+ /00 (gxel )3 YL
S s 45 S g8 oo 11 Mt s gine (6 ylel Lolod 1 i
SPonk e Cuiol 5 £95 S Lo 4y s sl 08k
Mol (¥5) e 5 emsiesmage Slllas gl b gl ol 5o
5 I (VF) ghlen 5 o (1Y) ohlSen 5 caly f) e
ol 3l (Slglhd cpldia (V) G)lKe 5 055 9 (3) ) Se
Sy Fglite sl sl (s sl Jgho 4 3903 ledl il dla,



\ QY Ol ol ‘5.\»1).: S ;o o1aé Codul g £955 ((gIRo dgo B pan oIy Kod g Jixd,

LS ylw 4y Cumd (Gl yd (pily K2 dw (2I3E Cuiel g £95 -V Jgun
Table 7- Diversity and food security of the three lower income deciles compared to other deciles

Pho S ks b Cond YU S dw 4 Cownd
5o 05l Compared to the four middle deciles Compared to the High three deciles
Sire 0D . o
Nutrient gl t oL e ,E gl t ol L
Coefficients t-test B Coefficients t-test S
sig
]' e .
K 0.2 -2.84 0.00 -0.55 -6.92 0.00
Dietary diversity
lie Cousal
2t -0.09 -3.91 0.00 -0.21 -9.67 0.00

Food security

guins cloasl 1zl
Source: Research findings
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Introduction: The rapid acceleration of inflation over the past decade has increased the cost of living in the
metropolitan area of Tehran. The World Food Program (WFP) report shows that Tehran province has the highest
rate of welfare inequality compared to other provinces in Iran, and a significant portion of the province's population
has only abdominal satiety. This has led to an increase in short stature, cardiovascular disease, cancer, obesity,
diabetes, tooth decay and gastrointestinal diseases among Tehran families. In this regard, although with the
decision of the Working Group on Health and Food Security and the participation of various agencies, programs
have been carried out to improve the level of health and nutrition of the residents of the province, but the prevalence
of various deficiencies and diseases may be due to lack of nutrients in the food basket and as a result of food
insecurity.

Materials and Methods: Since ensuring health and food security is one of the strategic goals of the 20-year
vision document of the country, in the present study, households living in Tehran province were first divided into
three lower income deciles, four middle deciles and three upper income deciles according to the raw data of the
income expenditure of the Statistics Center of Iran. Then based on the classification of the commodity group of
the Statistics Center of Iran and using the nutritional performance matrix, the level of nutrient intake in different
income deciles of Tehran province in 2018 has been investigated. Then, using the Matching method, nutrient
consumption, the diversity and food security of the province's income deciles have been analyzed.

Results and Discussion: The results showed that the level of calcium, iron and vitamin C intake among
households in the lower three deciles of Tehran province is very low and an adult received only about 14, 487 and
75 mg of these three nutrients per day. As for other nutrients, an adult in the lower three deciles of income received
protein and vitamin A 72 mg and 551 micrograms, respectively which is at the minimum daily requirement and
only carbohydrates and vitamin B1 has been received 339 g and 1.5 mg, respectively which is above the minimum
daily requirement. It should be noted that in all income deciles, the level of carbohydrate intake is more than triple
the daily threshold required by an adult (130 g). Finally, according to the results, the lower three deciles of income
have lower diversity and food security than the other deciles.

Conclusion: Considering the current situation of receiving micronutrients in Tehran province, the culture and
nutritional literacy of households has a great importance and role that responsible organizations can play an
important role in promoting it through culture as well as specialized and general education. At the same time, the
stability of food prices along with the provision of cash grants and targeted food packages can increase the
consumption and food diversity of households and significantly increase food security in poor households,
especially women and children. In this regard, considering that a significant part of the country's resources is
wasted annually in the form of hidden and non-targeted subsidies, Iran ranks first in the world in the payment of
non-targeted food and fuel subsidies, therefore, targeting subsidies and paying cash and non-cash subsidies with
proper identification of the target community, in accordance with the conditions of the country is an important
issue that should be considered by policy makers.

Keywords: Income deciles, Nutrient intake, Food diversity, Food security, Matching methods
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1- Water Resources System
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Figure 1- Conceptual Framework of agricultural water resources allocation and risk evaluation under uncertainty
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3- Analytic Hierarchy Process
4 - Principle Component Analysis
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1- Variation Coefficient
2- Fuzzy Comprehensive Assessment
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2- Weighted average principle
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1- Maximum membership
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Figure 2- Net system benefits of Marand Basin under different combinations of probabilities « and g
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Figure 3- Average total agricultural irrigation shortage of Marand basin and system benefit under various scenarios
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Figure 4- Monthly agricultural water demand, allocation and shortage conditions of different irrigation areas under different
flow levels when a = 0.05
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Table 1- Comparison actual conditions of Maran basin with the results of UITSP
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Percentage change in the net system benefit compared to the actual condition
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Table 2- Evaluation index factor classification
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Table 3- Results of water shortage risk evaluation index of Marand basin
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Figure 5- Water shortage risk evaluation results of Marand Basin under different scenarios (lower bound)
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Introduction: In recent years, the problem of water scarcity is becoming one of the most challenging issues
with the economic development and population growth that have involved many sectors due to its importance and
economic status and has received increasing attention from governments and international research organizations.
This emphasizes the need for optimal allocation of mentioned resources to balance socio-economic development
and save water. Therefore, the aim of this study is to develop an uncertainty-based framework for agricultural
water resources allocation and calculate the amount of water shortage after allocation and also risk evaluation of
agricultural water shortage. The developed framework will be applied to a real case study in the Marand basin,
northwest of Iran. Perception of the amount and severity of risk on the system can be a good guide in the optimal
allocation of resources and reduction of damage.

Materials and Methods: Since various uncertainties exist in the interactions among many system components,
optimal allocation of agricultural irrigation water resources in real field conditions is more challenging. Therefore,
introduction of uncertainty into traditional optimization methods is an effective way to reflect the complexity and
reality of an agricultural water resources allocation system. Among different methods, inexact two-stage stochastic
programming (ITSP) has proved to be an effective technique for dealing with uncertain coefficients in water
resources management problems. ITSP is incapable of reflecting random uncertainties that coexist in the objective
function and constraints. Considering the risk of violating uncertain constraints and the stochastic uncertainty of
agricultural irrigation water availability on the right hand side of constraints and uncertainties related to economic
data such as the revenue and penalty in the objective function which are expressed as probability distributions, the
CCP method and Kataoka’s criterion are introduced into the ITSP model, thus forming the uncertainty-based
interactive two-stage stochastic programming (UITSP) model for supporting water resources management. A set
of decision alternatives with different combinations of risk levels applied to the objective function and constraints
can be generated for planning the water resources allocation system. In the next step, on the basis of results of
UITSP agricultural irrigation water shortage risk evaluation can be conducted by using risk assessment indicators
(reliability, resiliency, vulnerability, risk degree and consistency) and the fuzzy comprehensive evaluation method.

Results and Discussion: A series of water allocation results under different flow levels and different
combinations of risk levels were obtained and analyzed in detail through optimally allocating limited water
resources to different irrigation areas of Marand basin. The results can help decision makers examine potential
interactions between risks related to the stochastic objective function and constraints. Furthermore, a number of
solutions can be obtained under different water policy scenarios, which are useful for decision makers to formulate
an appropriate policy under uncertainty.

The results show that the dry season, i.e., July, August and September are the peak periods of water allocation
and demand in Marand basin, which in these months, despite the higher water demand, the amount of water
allocation in the current situation is less, which leads to more water shortages in these months. However, the results
show that by increasing the efficiency of irrigation and water allocation using the developed framework, the
amount of agricultural water allocation and demand is almost balanced and in addition to reducing water shortages,
it leads to control over extraction from wells. Also, the goals of the regional water organization, which is reducing
the amount of water allocated in the agricultural sector, will be achieved. Comparison with actual conditions shows
that the allocation of water resources using the developed framework reduces water shortages while allocation
becomes more efficient. Furthermore, the net system benefits per unit water increase which will demonstrate the
feasibility and applicability of the developed framework. Results of evaluation of agricultural irrigation water
shortage risks indicate that the water shortage risks in the Marand basin are in the category of serious or critical
risk level. Therefore, if the current trend of allocation and exploitation of water resources continues, with the
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population growth, climate change, increasing demand for agricultural products and changing the probability of
available water in the future, the water shortage risk would increase to the unbearable risk level. The continuation
of this process threatens all investments and economic foundations of this study area. Therefore, the risk of water
shortage in the future should be managed by improving the water-saving technologies and also changing the
cultivation pattern to drought resistant crops.

Conclusion: In this study, an uncertainty-based framework for agricultural water resources allocation and risk
evaluation was developed, including model optimization of agricultural water and risk evaluation of water
shortage. The developed framework is capable of fully reflecting multiple uncertainties. The developed framework
will be helpful for managers in gaining insights into the tradeoffs between system benefits and related risks,
permitting an in-depth analysis of risks of agricultural irrigation water shortage under various scenarios. The
assessment of agricultural water shortage risk based on the results of the optimization model helps decision makers
to obtain in-depth analysis of agricultural irrigation water shortage risk under various scenarios. In application of
the developed framework to Marand basin, series of results of agricultural water resources allocation expressed as
intervals, and agricultural water shortage risk evaluation levels under different flow levels and also different
combinations of risk levels are generated. Comparison between optimal results and actual conditions of
agricultural irrigation water allocation demonstrates the feasibility and applicability of the developed framework.
Results of evaluation of agricultural irrigation water shortage risks indicate that the water shortage risks in the
Marand basin are in the category of serious or critical risk level. Therefore, effective risk management measures
should be taken first for different irrigation areas of Marand basin.

Keywords: Fuzzy comprehensive evaluation, Interactive two-stage stochastic programming, Risk evaluation,
Uncertainty, Water management
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Table 1- The assessment coefficient matrix B of Mrand basin

omb ol

Lower bound

Bianaoo1, = W X Ry 4001, = {0.00,0.00,0.1547,0.3721,0.4732}

BifaYamaooim = WHW X RN 4 0.0um = {0.00,0.1112,0.1918,0.3208,0.4273}

Bifarana,01n = W X RiftGha o1y = {0.00,0.2223,0.1477,0.5249,0.1051}

Bifarand,0.0s1 = W X Ry na 005, = {0.00,0.0247,0.3118,0.3084,0.3552}

Bifavand,00sm = W X RiGha 0,05, = {0.00,0.2100,0.1855,0.4312,0.1733}

Bifarand,00s1 = WY X RZHe 40,05, = {0.0988,0.1482,0.3068,0.3415,0.1048}

Bifarand01, = WEOWET x RIZET 101, = {0.00,0.1359,0.2565,0.3641, 0.2435}

Bhower aoam = WEOWer x Rhower | 1w = {0.00,0.2100,0.3438,0.3340,0.1122}

BLower 4 = Wkower s REower """ "0 1359,0.1559, 0.3385,0.3598, 0.0100}

Yo ols
Upper bound

RO L oos = WUPPET X RUPPST o1, = (0.0662,0.1544,0.1191,0.3915,0.2687)

RII('IZI;ZW'O'OLM = WOPPeT x RZ%gfzrnd,o.oLM ={0.2096,0.0110,0.1582,0.4478,0.1733}

Rmzii;d,om,a = WUPPeT x R%ﬁa,o.om = {0.2206,0.0758,0.2460, 0.4189,0.0387}

RII\]/IZI:“ZW,O.OS,L = WUPPeT x RZIZLI;“Z;M,O.OS,L = {0.1655,0.0552,0.1798,0.4547,0.1449}

Riserana,00s = WUPPET X RUFPED o o = {0-2206,0.0217,0.3348, 0.3849, 0.0380}

Ritaranaooss = WUPPT X RyEe 10051 = {0.2206,0.1083,0.3650,0.3061,0.00}

Rm%rnd,o.l,L = Wupper x R%?Zrna,o.u = {0.2206,0.0217,0.3084,0.3881,0.0612}

Rm’ﬁﬁd,o.m = WUPPeT x R%’iﬁla,o.l,M = {0.2206,0.1083, 0.3824,0.2887,0.00}

Rifamaonn = WUPPET X RUPPEr o1 4 = 0.2491,0.3347,0.3205,0.0958, 0.00}
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Figure 1- Volume of Iran's corn imports from 2000 to 2019 (Million tons)
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Table 1- The share of livestock corn import volume to Iran from different countries during 2000 to 2018

eigw 2w il Fip Qs &Sy BT bl
Switzerland  Singapore  Netherlands Brazil England Turkey Ukraine Emirates

1390 46.72 0.00 2.77 6.31 0.00 0.00 0.20 43.99
1391 54.89 1.39 14.91 1.16 4.04 0.76 1.60 21.24
1392 37.18 0.40 11.42 6.50 24.36 4.03 2.96 13.13
1393 40.30 0.00 15.92 6.62 13.35 5.80 7.83 10.18
1394 40.14 8.49 21.29 6.90 16.23 0.24 2.17 454
1395 24.39 3.51 11.50 22.35 10.66 0.00 25.69 1.90
1396 28.55 16.11 20.96 4.33 27.43 0.05 1.20 1.37
1397 27.18 23.12 16.15 5.53 22.35 0.40 1.72 3.55

Source: Research findings ot Slawloes 115 Lo
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Figure 2- Diversification index of Iran's corn imports from 2000 to 2018
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Figure 3- A comparison of Iran's corn imports prices with global corn from 2000 to 2018
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Table 2- Results of estimated parameters of the relationship between world prices of corn and Iran's import prices by

countries
Countries- ;gui8 Bo B
g
-Switzerland 109.12 0.80
Lo
Singapore 118.23 0.71
Jla
Netherlands 92.99 0.92
Joix
Brazil 76.90 0.99
el
England 134.81 0.89
aSy
Turkey 131.07 0.91
oSl
Ukraine 81.86 1.04
alylel
Emirates 70.87 1.12
Coogd Lawgio 100.52 0.93
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Table 3- Risk weights of major source countries of Iran's corn imports

sguiS MW 392 KWEN Jiip OUulSS! s 5 crl Sl Ol bl
Countries Switzerland Singapore Netherlands  Brazil England  Turkey  Ukraine  Emirates
Ok 0.370 0.009 0.393 0.820 0.176 0.597 0.797 0.392

Source: Research findings
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Table 4- Residual variance 82,

Jl o 292 ] Jin oS eSS syl ol gl
Year Switzerland  Singapore  Netherlands  Brazil England  Turkey Ukraine Emirates Average
1390 212.814 118.951 481.605 352597  341.761  282.702 342.432  377.092  335.388
1391 450.942 396.184 326.948 616.756  500.175  495.105 717.955  595.426  477.672
1392 1408.539 1445.524 1362.461 1236.343 1537.260 800.615 1802.629 2504.974 1295.402
1393 312.384 166.450 235.088 299.444  349.614 313484 508.074  320.669  216.122
1394 101.951 68.676 97.907 92.481 31.542 90.200 83.126 104.120 43.325
1395 211.224 194.223 106.358 87.409 76.373 244.618 242491  652.239 132.342
1396 76.646 146.196 111.273 265.350 50.549 133.405 248.055  615.362 87.543
1397 113.231 138.992 82.557 113.787 47.101 145.053  96.357 168.907 83.938

Source: Research findings
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Table 5- Iran's corn imports risk during of 2000-2018

M) N . . Ly M) U”L"’
Jlo Ol o Sile L paduin S S alalo (il ylg Sy 2l b oo
Import e Variance of the - -
Ve VOlMRo0  Symac  SPCOpoono  momglobsl | SRR Spaoor
n:(')lrl:so)n portfolio risks portfolio risks risks prlc?sciz,fr)corn index portfolio risk index
1390 31.041 1166.14 49.35 1215.50 58.21 11.00 5.12
1391 46.545 3417.84 193.40 3611.24 35.12 12.56 8.93
1392 37.963 4419.87 634.27 5054.14 9.48 17.51 44.01
1393 59.303 2402.63 527.23 2929.86 16.82 8.27 14.99
1394 57.387 218.38 79.93 298.31 13.05 2.58 2.43
1395 56.313 415.18 423.10 838.28 16.41 3.62 13.34
1396 66.708 437.62 91.80 529.42 26.61 3.14 2.06
1397 71.877 430.29 86.58 516.87 22.83 2.89 1.67
Source: Research findings Geios claaily sisle
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Figure 4-The systematic risks, specific risks, and portfolio risks to Iran's corn imports risks from 2000 to 2018
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Figure 5- The systematic risks, specific risks, and portfolio risks index to Iran's corn imports risks from 2000 to 2018
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Figure 6- Relationship between specific risk index and diversification index of Iran's corn imports from 2006 to 2011
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Introduction: Iran imported 9 million tons of corn, from Switzerland, Emirate, England and, Netherlands in
2017 so these regions are now the major sources of corn import for Iran. Among the multiple risks, Iran's corn
imports encountered systematics and unsystematic risk. Systematic risks are the risks carried by entire assets within
a system and cannot be diversified. They are also called non-diversifiable risks, beta risks, and market risks.
Specific risks are risks that are unique to an individual asset. In a portfolio, specific risks can be mitigated by using
a diversification strategy. Terms or phrases which can be used conterminously with specific risks are diversifiable,
unique, unsystematic, or idiosyncratic risks. International price fluctuation and internal policy comprise the risk
of Iran's corn imports. Risk specification and management of Iran's corn imports are important since corn, as an
input of livestock production, makes the risk of these industries and hence the price of red meat and poultry. The
corn imports systematic risks refer to the risks caused by global corn price fluctuations. The systematic risks
usually result from the unpredictable fluctuation of global corn demand or a concerted action taken by major corn
exporters. All corn importing countries are liable to these risks. Global corn prices fluctuate when the global
consumption of corn grows quickly and an imbalance of supply and demand ensues. Worldwide fluctuation is the
risk brought about which cannot be avoided by diversification; all the corn importing countries will be affected by
this risk. The specific risks to corn imports refer to the risks resulting from corn exporting countries. When a corn
exporting country stops its exports due to the policies, climate, production decrease as a result of disease and the
other production risk, or other factors, it will bring losses to the corn importing countries. These failures result in
a specific risk to corn imports. Since such failures cannot take place in all countries at the same time, and most of
them have delayed effects on global corn prices, diversification can be adopted in order to reduce the specific risks
to corn importing countries.

This paper tries to answer the following questions: What risks will Iran face in terms of corn import systematic
or unsystematic risk? What is the relationship between global corn prices and the import prices of Iran's corn
imports? Can diversification really minimize Iran's corn import risks?

Materials and Methods: This paper applies an improved portfolio model and diversification theory to quantify
the risks for Iran's corn import risk during 2000-2019. Diversification theory often applied to the analysis of Iran's
corn risks, is considered as a powerful instrument in this field of study. Firstly, for considering the systematic risk
like the relationship between Iran's corn import prices and global corn prices is estimated. The Ease of Doing
Business Index grading system is employed to represent the risk weight relative to each of source country, which
should be able to better reflect the extent of each country's influence on Iran's corn risk. Secondly, the
diversification index will be calculated and then the systematic and unsystematic risk is estimated. Finally risk
index as an import ratio from source countries in order to replace the volume of imports from a country is used to
solve the rapidly increasing risk as well as increasing import volume.

Results and Discussion: Empirical results show that ever-increasing global corn prices, price fluctuations, and
the increasing volume of imports are the root causes of the growth of Iran's corn import risks. The systematic risks
are the primary risks to Iran's corn import risk, which the highest systematic risk accrued in 2011. The
diversification indexes remain between 0.4 and 0.5, with no evidence that a linear relationship exists between the
diversification index and the specific risk index. Therefore, it is not enough to just reduce the specific risks by
increasing the number of source countries. It is of equal importance to import corn from countries with low-risk
weights and to strike a balance among countries and regions with similar risks. From 2006 to 2011, Iran's corn
import risk index remained steady, between 2.8 and 11. As the Ease of Doing Business Index grading system
indicates, Iran should import less from countries with low Ease of Doing Business Index grades such as Singapore
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and import more from those with higher Ease of Doing Business Index grades, maintain balanced imports from
countries with similar risks.

Keywords: Corn import, Portfolio theory, Systematic risk, Unsystematic risk
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Figure 1- The monthly trend of the nominal mutton and chicken prices (Rial/Kg)
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1- Smooth Transition Regression



VFer bl ¥ oylaid FO Al (55,0l drwgs g obasdl 4y pis  V4F

ol dlawd 93 &y Lol 50 15495 (gl i 35u5 oo 000l s b
oy o sl colps a5 cal olapize Jolis oS Z S suis
ol oS cul X gl psiio [553 09,5 5 iy daled s calise
S sxanlis M pomen Cal ol cilisee slal) o o kil
O Sy dolee Al m = 2 8wl adllas 350 5o )3 025,
2,5 il 25 8 4 Olgie |y YU slastial
Ve = 1o(se ;). Zebo + 11(se; 6 ¥). 2,61 + X, 0 + &
(v)
45 G A gy JUis] pli L YU ablas (1) jasld ali 51
D9 (Rl Wad oo poliatbl 36 4 1) Ko g o (s polie
D9d e Jol> nj i 4 w)) 93 b (STR) meMe Jliisl (545
Ve = (1= G(s¢;6)). ZiS + G (s ¢; V) Zi6; + X0 +
& (¥)
&b py8 g Juml pite Ll (1) (o035l )3 (ol o6
sl pelyl Y (y90)5) (0055 5 93 cl o L o il Jlat
Jre G 3l oolisnl b (€. ¥) cas 5 sl aibunl ylb g 0 g 8y B
S Mgien Jl e 33,5 (00 )9l (st Slasye Sl
Bl diuly e (saaiby b g W9 yuiie (PS5 (Sl ke
g4y s STR Jaw 3Ly yp g JUinl e asslis
lopyp pizmed 33,5 o (STAR) wdle JLinl jeebgings
Swad Jold ()5 Jlas 3yl oo JSl U sl oS (Sglite
25y an (V) 90 a2y Saiwad 5 (F) 2l (8) Jloy oY)

1
G(s;6Y) = Ty pusswy v sy 2 (¥)
G(s;c7) = fr;s_c)\/%exp (— %) dx = CI)(]/(S - C))
(0)
G(s;c;v) =1 —exp(—y(s — c)?) )
G(s;c7) = 1 (v)

1+exp(—y(s—c1)(s—c3))

Db o i8S el > Cuze ¥ YU o ea b &) slap s o

Anlgd pid ey om JUST Co o b GRIBLY Ol 420

Os— )5y Joo & b @M Jl (g1 Y = 00 dogli 35
23,5 oo (sleslil

9 p5Y Ao ai> plagl STR (Jad s (65801 39l ylate 44

ST O L;;.Lzz’o)l.oi 51 oolaiiwl b aiugy aady dliss cadllas g0

bty Blie 3 39 (ad geil s D98 s )13
oo Sy 900 STR (o) (392 cewlie Sl linelel (6l 392
O3S 3l G Coles 3 g e JUSH st g JWS) b clio p )8

3- Threshold Regression
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1- Markov-Switching
2- Self-exciting Threshold Auto Regression
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Table 1- Seasonal Unit Root Test results

o | Syl yd (PM) ¢ 30 CudigS Cod (PCp) &b Cuosd
Variable/frequency Chicken meat price Corn price
0 -2.31™ -2.03"
T -4.42" -3.32"
T/ 18.67" 6.88"
2n/, 18.12%** 13.30"
/3 20.65™ 7.30"
St/ 23.61™ 16.06™
/o 16.46™ 9.92™
. s
sheb sla Syl s 23.09” 13,53
All seasonal frequencies
ln Slgl,8 as
L9 4 2147 12,94

All frequencies

bl oo o> B 9 ) Jloinl o )3 o aus)8 3y odimd LS i 5 4 e g
*** & ** represent the rejection of the null hypothesis at the probability level of 1 and 5%, respectively.

09t hé e a5 e )3 (39 hS (ygeil Y Jga
Table 2- Smooth Threshold Linearity Tests against nonlinear alternatives

RIS o di 43 Jleis!
Tests Null Hypothesis p-value
HO04: bl1=b2=b3=b4=0 0.016
ks sl HO3: b1=b2=b3=0 0.016
Linearity Tests HO02: b1=h2=0 0.016
HO01: b1=0 0.017
B gl Jlsia 905 H3: b3=0 NA
T O H2: b2=0 | b3=0 0.2076
Terasvirta Sequential Tests H1: b1=0 | b2=b3=0 0.0165
1395 = g5l ySuol 905 HOL: b2=b4=0 0.0428
Escribano-Jorda Tests HOE: b1=b3=0 0.0458

AMRSTR s )5 035, b STR 555! 5051

HO04: bl=b2=b3=b4=0 0.1880

The two-regime STAR model against the AMRSTR test

Oibgh sanl wisle
Source: Research findings
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Table 3- Threshold variable chosen
e PC PC (-1) PC (-2) PC(-3) PM(-1) PM(-2) PM(-3)
Variable
s
2’8‘ Ff?“’“ 1.1354 1.1453 1.1499 1.1504 1.1330 1.1434 1.1473

Oibgs slranl 1isle
Source: Research findings

1wl dlan Mo

4 PM(-1) jsize LESTAR o il oslizl b o s cuod

b Mo JUES! cygmunryS'y 35900 gl —€ Joua

Table 4- The Results of Exponential Smooth Threshold Regression

gye ) STgw. t b)lai Jlois ! dans
Variable Coefficient t Statistics Sig
c -80.75 -5.32 0.0000
PC 1.61 0.384 0.7011
PC(-1) -5.54 -0.633 0.5272
S cwd PC(-2) 24.47™ 2.037 0.0424
Linear part PC(-3) -17.51" -2.539 0.0116
PM(-1) 1.61™ 6.411 0.0000
PM(-2) -0.755"" -3.055 0.0030
¢ 82,83 412 0.0000
PC 1.567 0.314 0.7297
bt e cued PC(-1) 3.406 0.378 0.7093
Nonlinear part PC(-Z) -24.19™ -1.98 0.0483
PC(-3) 19.48*** 2.791 0.0056
PM(-1) -0.539** -2.07 0.0389
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Introduction: Studying Iran’s poultry sector shows that the feed costs account for a large portion of the total
cost of poultry production. Besides, corn as the feed for poultry had the largest share of total feed cost. According
to the governmental trade policy and exchange rate variability, corn prices fluctuate in Iranian market. However,
the demand for chicken meat has increased in recent years. This is due to the relative increase in the price of red
meat compared to chicken, as well as promoting the health benefits of consuming white meat (chicken and fish).
However, the chicken meat market has been accompanied by price shocks and price increases, and these
fluctuations are one of the main challenges of poultry industry in the country. Examining the cost of production
inputs in the Iranian poultry industry shows that poultry feed costs, especially corn, accounts for the largest share.

Materials and Methods: In this study, the smooth transition autoregressive (STAR) model was used to
investigate the threshold effect of corn price, as one of the most important inputs of poultry feed, on the price of
chicken meat. This method is a nonlinear approach of time series analysis which evaluates the asymmetric changes
in the pattern parameters with a smooth transition by considering one or more thresholds. Nonetheless, this model
allows several regimes and the transition among them to examine the relationship among research variables which
is more realistic than that obtained using the traditional linear regression model. To estimate the nonlinear STAR
model, monthly data of corn and chicken meat prices from 1993 to 2020 were collected from the State Livestock
Affairs Logistics (S.L.A.L). Several steps were performed to estimate the STAR model. First, data stationary was
tested using the seasonal Hylleberg, Engle, Granger, and Yoo (HEGY) unit root test. After investigating the order
of variables, the optimal number of lags was determined using the Akaike information criterion (AlIC). Smooth
threshold linearity versus nonlinearity test was then performed to ensure that the STAR method was appropriate.
Then, the applicable forms of transfer function and transfer variable were determined. Finally, after estimating the
model, the hypotheses of normality and non-autocorrelation of residuals were tested.

Results and Discussion: HEGY seasonal unit root test indicates that the logarithms of corn and chicken meat
prices do not have seasonal and non-seasonal unit roots, and these data are stationary. Then, three lags are selected
as the optimal number of lags using the AIC, and the first lag of chicken meat logarithm is determined as the best
transition variable based on the minimum sum of squares of error. Besides, nonlinearity tests suggest that the
Exponential Smooth Transition Auto-regression (ESTAR) specification with two-regime switching fits the data
better. The empirical results imply that the real threshold value of chicken meat price is statistically significant and
equal to 1028.6 Rails. According to the consumer price index in 2020, the nominal threshold value of chicken
meat price is 28800 Rails. Therefore, 1% increase in the price of corn will increase chicken meat price by 0.4%
and 1.2% in the lower and upper regimes, respectively, after three months.

Conclusion: In this study, the threshold effect of corn price as one of the most important inputs of poultry feed
on the price of chicken meat was investigated using Smooth Transition Regression (STR) model. This study's
results show that the effect of corn price on meat price is nonlinear and asymmetric. The asymmetry feature is
revealed in three aspects: lagged impact, direct impact, and the strength of influence. Based on the results, it is
suggested that the government adopt appropriate policies to establish the stability in corn price as one of the most
important inputs of poultry industry via foreign exchange and trade policies. Thus, fluctuations in the price of
chicken meat can be prevented. It is also expected that if the chicken meat price increases in one period, the price
in the next period will also be affected by the relationship between the first lagged chicken meat prices and its
current period prices in both regimes. Therefore, the government should prevent fluctuations in chicken meat
prices to ensure food security. In this regard, in addition to implementing pricing policies affecting the price of
poultry industry inputs, based on the results of the previous section, controlling the price of corn is the most
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important factor.
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