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Table 1- The summary of previous studies
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The resilience of Dutch dairy farms. System models These models identify stabilizing and destabilizing
forces, the changing variables, and thresholds that
determine the resilience of a system. So, they found these
models are beneficial.
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Determination of sustainability of
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disease.
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programming.
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Figure 1- Hierarchical structure of resilience and sustainability indicator in proposed model
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Table 2- Energy content of inputs and outputs in dairy farms
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Energy input and output Unit References
Energy content
$2939 Sodles
Input
ol s el 1.96 (19)
Labor H
Q\J'IQ,,.;’)LA
Machinery
. 15
5515 0 NEXE 9-10 )
Weight of tractor kg
b s EXE; 810 (15)
Fix equipment kg
S gise P 64.8 (15)
Electronic motor Kg
S g
Fuel
c 15
NESt ) 41.8 )
Diesel L
i i 495 (15)
Gas m?
O i 46.3 (15)
Gasoline L
w).SJI Celwelggls 11.93 (18)
Electricity kwWh
PIJ JI)?
Feed
. (20)
c).alm.\f {:)5515 6.3
Concentrate kg
&5 s pSsks 22 (26)
Silage kg
iy, P oks 15 21)
Alfalfa kg
o PSS 12.5 (29)
Straw Kg
295 ol
Output
Milk kg
Ao PEAE 65 (13)
Calf kg
CudgS P oS
9.22
Meat kg (13)
303.1
Cow manure m3 (22)
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Table 3- Formulas for calculating equivalent energy inputs and outputs of dairy farms
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Equivalent energy Formulas Discussions
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Equivalent Energy of fuel Ef = F, X Ef (2 5 J93l80) b g a2y Sy (5551 Slgimo : B p
consumption E;: Equivalent energy of fuel consumption (MJ).

E,: Amount of fuel consumed (L).
E ;2 Unit fuel energy content (MJ/L)
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Equivalent Energy of electricity Eelec = Ee1 X Ecel E,..: Equivalent energy of electricity
consumption consumption (MJ).
E,;: Amount of electricity consumed (kWh).
E. o;: Unit electricity energy content (MJ/kWh)
{J935e) ol 55 Jolse 5551 Bl
%) 8 96 s s Nig
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Equivalent Energy of labor Ejg= Nig Xhx Egq (8 4 Jgi8e)a b e (slilas (555l (slgme s g
consumption E,,: Equivalent energy of labor work (MJ).
Ny,: Number of labor workers.
h: Hours work (h).
E14: Unit labor energy content (MJ/per person)
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Equivalent Energy of machinery Ep= WuX Ecm P55 5 J9e) 0eile 595 S 5 lyee s Bepm
consumption E,,: Equivalent energy of machine (MJ).
W,,,: Mass of machine (kg).
E n: Unit machine energy content (MJ/kg)
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Equivalent Energy of feed Ey= WyX E.y (eSS 2 JsiBe) S p59kS o i plislyimme s By
consumption Ey: Equivalent energy of feed consumption (MJ).

Wy Feed consumed (kg).
E. n: Unit feed energy content (MJ/kg)
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Equivalent Energy of farm Eoy = Wou X Ecoue il o
outputs (Soyio b p S olS
E,,: Equivalent energy of output production
including: Milk, Calf, Meat & Cow manure (MJ).
W,,.: Output production (kg).
E_ g+ Unit output energy content
.(.\.9)3) dj).il Cuws: ER
£ ER: energy ratio (%)
S5 ER ="ou/p (Jo5e) "or5 15" (6551 : Eoe

Energy ratio E,.: energy equivalent output (MJ)
{J9i5s) "1 By 52 gy
S3Pl e e EP = Y/Em E;,: energy equivalent input (MJ)
Energy productivity () 00 g5y 3,Sles 1 Y
Y: Yield of milk production (L).
&5 Al o33k NEG = E,y — Ei (J3) 55! o900 EP
Net energy gain EP: energy productivity (MJ)
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NEG: net energy gain (MJ)
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1- PSE (Producer Support Estimate)
2- NAC (Nominal Assistance Coefficient)
3- NPC (Nominal Protection Coefficient)
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Table 4- Determination resilience and sustainability
indicator levels
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Level of resilience and Value of resilience and
sustainability sustainability

o 18 5l oS
Low Ipegs < 0.6
bwgio AN g I
Middle 0.6 <lpegs < 0.8
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Table 5- Nomenclature of model

Indicator and sub-indicator

Ign : e Cun; padls IgN e re: wlaos 65 Igc g scc: Sloges (sla sk
Environmental indicator Renewable energy Somatic cell count
Igc olatdl jasls IgN e int: I3 IEC_Q_MC: 955w 5l
Economic indicator Intensity Energy Microbial load
Isc : seleizl padls IeN resurc_Land’  ipej jl eslic Igc g ar S ST
| ) Social indicator Land use Aflatoxin
Tech - SiPFSS padls IgN resurcwu: o Gpas Igc g an: Sgur
Ioticy Technology indicator ; ) Water use Antibiotic
y wu u‘»L“ EN_GHG_D* 43\,:,3}15 ositane L] Isc_exp: 15 o e
Tness : P?Ilcy |n‘ci|(_?atqr:. ; - Direct GHG . Labor expenditure
Sk g sl yasls EC_Profit- Sol3ges Irech_ersi: g wly LIS
s . e Sy PR D)
Res_lllence and sustainability Profitabilit =
indicator Ral : ! 1ty I . Farm efficiency
oolas sl Policynpc* o] la iy
Random indicator NPC
w5l puiio
Decision variables
a: w39 la: Ky elec: G calf: dlogs
Alfalfa Labor Electricity Calf
CS1 o Pl D: Jsasls hmec: dc: Kisgls
Corn Silage Diesel High milk cow Dry cow
ws: gas: 55 MMC: slawgegls manure: 38
Wheat strew Gas Middle milk cow Cow manure
€Ol s G: s Imec: Jseas wo L1300 sl e iy s
Concentrate Gasoline Low milk cow Weighted per indicator
W 5sl,b
Parameters
C, : (MJ/kg) axig 55l s Pa: 4 Cuasd
Energy content of Alfalfa Price of Alfalfa (IRR)
Ces - (MJ/kg) 35N (53531 (550 Pcs: )3 5w Cuad
Energy content of Corn Silage Price of Corn Silage (IRR)
Cws : (MJ/kg) o il sgime Pws: oS Cuad
Energy content of Wheat strew Price of Wheat strew (IRR)
Cco : (MI/KQ) 0 laS (6551 sgone Pco* 055l Cad
Energy content of Concentrate Price of Concentrate (IRR)
Ciq + (Md/hours) Sl a5 55 sy Pua: S 5358 djard
. Energy content of labor Salary of Labor (IRR)
Cp = (M/liter) NES TP IPraS Pp: Jigls o
Energy content of diesel Price of Diesel (IRR)
Cgas : (MIM?) 5 3l oo Pgas’ 5 o
. Energy content of gas Price of gas (IRR)
Co : (M/liter) o5 3 ssime Pg: NESIION
Energy content of gasoline Price of Gasoline (IRR)
Cetec: (MI/KWh) G &5 g Petec: G Cansd
Energy content of electricity Price of electricity (IRR)
Total land: (aeresme) aslllan )3 045 oozl e JS Land: pl> 2 el 5l 3590 e

Total land usage across study

(m?)

Total Water: adlllas 5 odlizul 390 O S wu:
Total water usage across study (liter)

SCC: Seilogus (gloJobe GHGp:
Somatic cell count in milk

MC: w9l GHGgyqs:
Microbial load in milk

AN: Sgn sl GHG:

Land needed per dairy cow (m?)

Pl 5 (sl 55 350

Water needed per dairy cow (liter)
938 Boslo jl S 5 L

GHG Emission by Diesel (kg COz2)
B b il S 5 Ll

GHG Emission by gas (kg CO>)
Ok Gk ) 4SS Ll
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Antibiotic in milk

GHG Emission by Gasoline (kg CO2)

AF: 053 L)“‘Sﬁ’y‘gT GHGelec: éx di)lo )‘l Ak )'lf )l““‘JI
Aflatoxin in milk GHG Emission by electricity (kg CO2)
effirarm: b sy bl GHGpp: 298 Gyl 5| LS 58 Ll
Farm efficiency GHG Emission by High milk cow (kg eq. CO5)
mineffi: &y 5l oS 8l GHGpme: o LawgioglS 5 )b il bS8 Ll
Minimum efficiency of farm GHG Emission by middle milk cow (kg eq.
MAXgrfi @laels 5l Q5 Sl GHGyp,: )
o Maximum efficiency of farm 8 8 5 Gusb J W 5 L)
GHG Emission by Low milk cow (kg eq. CO,)
Total cost: Golels glo ase IS Qp: S e S
Total cost across farm (IRR) Quantity of milk production (liter)
Revm: 20 31 ol s> D o Sl e
Revenue of milk (IRR) Domestic price of milk (IRR)
Revcalf: AlsgS 5 Jols wel > Dab: e 2B Ced
Revenue of calf (IRR) Abroad price of milk (IRR)
Revgy,: Kol j) Jols ol We;: 5L yn sl S (s
Revenue of dry cow (IRR) Weight per indicator
ReVimanure: 398 5l Juol> el R Slas gla oyl
Revenue of manure (IRR) Random parameter
lb: acydgde ) b do ub: acydgase 1 Vb s
Lower bound in constraint Upper bound in constraint
hme (cq AGpme + CesCShme + Cws WShime + Cco COrme) + MmMe (Cq Qe + Ces CSmme +
Ien o re = Cws WSmme t Cco Commc) + Imc (Ca Arme + Ces CSpme + Cws WSLme + Ceo Come) (ﬂ) (\)
- hme (cq pme + Ccs€Spme + Cws WShme + Cco COnme) + mme (Cq @mme + Ccs CSmme + M]

Cws WSmmce + Cco Commc) + Imc (Ca Arme + Ccs CSLme + Cws WSLmc + Cco Come) +
Ciala+cp D+ cgas gas + cg G + cepec elec

Pp D + Pyas gas + Pg G + P elec IRR!
hmc(Py apme + Pes CShme + Pws WShme + Peo COpme) + IRR
mmc(Py Gmme + Pes €Smme + Pws WSmme + Peo COmme) +
Imc(Py ayne + Pes €Sume + Bus WSime + Peo COime) +
Py la+ Pp D+ Fyas gas + Pg G + Py elec

IEN_e_L'nt =1-

Landy . * hmc + Land e * mmc + Land,,,. * lmc + other m?
Total land under study m2

IgN resourc_Landa =

WUpme * hmc + WUpne * mme + WUy * lmc +
WUcqy * calf + WUy * dc + other liter

Total water usage under study liter

IgN resourc.wyu = 1-

GHGpD + GHGgqs gas + GHG G + GHGgyec elec +
GHGypme hmc + GHG e mmce + GHGyp e Imc
D+ gas+ G+ hmc( apme + CSpme + WShme + COnme) +
mme( Gmme + CSmme + WSmme + Comme)

+Imc( Qe + CSime + WSime + COmr)
hmc(Py apme + Pes CSpme + Pus WShme + Peo COpme) +

mmc(Py @mme + Pes CSmme + Pus WSmme + Peo COmme) +
Imc(Py Qyne + Pes CSime + Pus WSime + Peo COppe) +
P la+ Pp D + Pygs gas + Pg G + P elec IRR

kg
IEN_GHG_D =1- (@

Iec_profic = ReVimuk me hme + ReVmuy mme MMc + ReVig ime Ime + (IRR)
Rev.qir calf + Revy. dc + ReVyanure
The standard of SCC inmilk ( cell per milliliter)
IEC,Q,SCC =

Total of SCC in milk across all farms ( cell per milliliter)

1- Currency
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The standard amount of MC in milk (CFU/ml)

1 =
ECQMC™ Total amount of MC in milk across all farms (CFU/ml)
I _ The standard amount of Aflatoxin in milk (ppb)
ECQAF ™ Total amount of Aflatoxin in milk across all farms (ppb)
I _ The standard amount of Antibiotic in milk (mg/kg)
ECQAN ™ Total amount of Antibiotic in milk across all farms (mg/kg)
| _ Py, (IRR/day)
SCexP ™ Total Cost across all farms (IRR/day)
ITech,effi = a:n”;xefﬁ o farm =1..,n

Py — Pap
Ipoticy NPc = [Tba] +1

a

Ign = Wrelre + Wineline + Wianalrana + Wwulwu + Wenelone
Igc = Wproflpror + Wseelsce + Wuelme + Warlar + Wanlan
Iy = Wexplexp

Itech = Werrilesri
Ipolicy = Wypclnpc

(Wrelre)z + ("Vintlint)2 + (Wlandlland)2 + (qulwu)2 +
Wenelene)* + Wprorlpror)? + Wssclssc)? + Wancluc)? +
(WAF[AF)2 + (WANIAN)2 + (Wexp[exp)2 + (Weffileffi)2 +

Wnpclvpc)?
MAX I, ¢ : Neclnpc
(Wre + Wint + Wiand + Wy + WGHG)2 +
Wprof + Wssc + Wye + Wap + Way)? +
(Wexp)z + (Weffi)2 + (WNPC)2
= w) =) w)
S.to:
lb<a<ub
Ib<cs<ub
lb<ws<ub
b <co<ub

[ la= ZIaCOW
D= Depw
gas = Zgascow
6= Geow
elec = 7 eleccow

0 < ler, Iing, liana wus Leucr Iorof» Iscer Imer Lapy Lans Iexpy Leffis Inpe < 1

lb < hmc, mmec,lmc, calf,dc < ub

manure = 0.3 (a + ¢s + ws + co)

— A(norm (1

(4)
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hmc, mmc, lmc, calf,dc = Integer

all decision variable =0
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1- Crossover/Recombination
2- Partial Solutions
3- Mutation
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Table 6- Weights for the resilience and sustainability indicators in the objective function of dairy farms under study

ol 039 039 sl 039
Indicator Weight Indicator Weight Indicator Weight
SIS ool puine Ll 0.153 2o 50 S 90 9,5yl lixe 0.051 o g5l 0.095
GHG emissions Microbial load Renewable energy
Soglog 0.105 b 33 35250 S S (0 0.076 $ipl s 0.075
Profitability Aflatoxin Intensity energy
b asly Sl 0.049 e 33 g g0 Suigm 51 e 0.032. e §) ool 0.013
Farm efficiency Antibiotic Land use
oSl 5l len 0.089 2 9 39290 Juw Satleger e 0.039 3 3590 o Jolao 0.181
Nominal protect coefficient Somatic cell Water use
Sk &5 007 Ssa gl 0.04

Consistency ratio

Labor expenditure

5200 (gladidly txiie
Source: Research findings

otk 9 Srelol Bloday anllh 5,50 (5l gyl295 392 90 Condy (ow g -V oo
Table 7- The results of indicators, resilience and sustainability indicator across all farms under study

IR

‘.,» Ieffi Iexp IAN IAF IMC ISCC IP?‘Dfit IGHG_D IWU ILand Iint Ire INPC
Indicators
“"F:;::“’;M‘ 031 01 097 017 049 042 047f 058 039 025 094 045 026

Slub g Gglol pasls
Resilience and sustainability indicator

0.43

200 ladidly txuie
Source: Research findings
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Table 8- The results of energy consumption all farms under study

Wosles (J9315%) (80 (555 2o
Inputs Consumption energy Percent
g 1.9 x 10% 25.37
Fuel
B 6.6 x 10%7 8.8
Electricity
ply STy 4.9 x 100 65.69
Feed
Y mile 1 x10% 0.14
Machinery
Slsliggys 6146.56 0.0008
Labor
o 7.5 x 10% 100
Sum
Source: Research findings
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Table 9- Summary of the results
93!
o St ) o Slade ) 039 Wldgr )] oW AL g
Variable Value Unit Variable  Value Unit Weight Optimal value  Indicator Optimal
value
Apme 6.2 395/ )S ok la 3387.2 sl Wre 0.006 e 0.6
Kg/day Hours
CShme 7.1 395/p)5oks D 6162.7 Sl Wing 0.12 Ling 0.96
Kg/day Liter
WShme 0.9 395 p S oks gas 5185.1 oS yio Wiand 0.04 Iana 0.81
Kg/day M3
COhme 16.9 SoilpsSsks G 259.3 o Wiy 0.05 Iy 0.69
Kg/day Liter
Anme 4.9 sl pyS oS elec 16348 celuclgghs WeHe 0.06 Igne 0.67
Kg/day kWh
CSmme 7.9 SoilpsSsks hmc 3000 ol Worof 0.08 Iprof 0.7
Kg/day Head
WSmme 14 395 p S oks mmc 2000 ol Wsce 0.14 Isce 0.9
Kg/day Head
COmme 14.9 395/ )S ks Imc 2550 ol Whic 0.04 Inc 0.9
Kg/day Head
Ame 4.9 595055 kS calf 151 ol War 0.11 Lip 0.9
Kg/day Head
CSime 7.9 395/ )S ks dc 1887 ol Wan 0.15 I 0.9
Kg/day Head
WSime 1.9 jolp,Soks  manure 26.2 S yio Wexp 0.10 Lexp 0.9
Kg/day M3
COme 114 395l eSS Wesfi 0.04 Lefri 0.9
Kg/day
Wypc 0.05 Inpc 0.9
0.9598

JJLQ(M J.Lo 5 o Ao d)l.\{lﬂ 9 J)JQU ua>LIa
Optimized Resilience and Sustainability Indicator in proposed model

3u8>5 (glaaBl trie
Source: Research findings

YAY



YAY  dogo g apeinn liw pted (6 paidgl8 (Jiaiuo sy (55l 9 (6597 DU (ot

Lodlgindey 9 (605 4ot
S50l Lol oo ] Mg o 3 (655l g (g5l ol
sl 3L 0590 sLamodls s Sl (5l g syl pasli
(s 639l anly K A za g el 4 bgye 45 034 3450
9 35 3y S oyl pud Mg (e el (2l3E g0y
Blod ay o dlpiny Jae 2)5 5 33,8 o camw g Gl pp]lial
L) 4 coms Fopdo Bl caslio (sl g 5yslol porie
Mol g oy9ll 5l (BT 90 joim byl )3 &S chnwgs oy
2 oadldpg 4 (s panass )l d92g (T b basye (ilsd 5
sloygdS )3 (s (ko ()35 Soly So (392 510k 5 5elb
sl Glisee Jolye a5 o 2Bl conlio drwg Jbyo
Caigo) 5D 00 &l Jae 33,5 o 5 Adgi )3 (oylmb g (5yells
Ol (65915 Gil3l (b (slaglS gllan g 3, llisl (s dss
o Gyno gt (SIS (clajlS L] tlS «cS1g8 aiysm
&Ml 5 alols il jSlis 4 pslatons 5 0 5 g5l
LS 5 clio 6308 oS )9 (sixie saialy 3 Ay
Cr ySinisy] Sl Lllis 5Kl b (ol posde ol
Jlos g o Goll s )gliee ol8 1y )l 5 gl 29
9 L;»T;gl_‘:’ Sdxwg dl)f Cunlio Lgl.mdjj’]);.al ool Cawds C’L"
At Cedd do plon il nl)d 298 iy Wl (e 6yl
S g JSdio (3,55 )5 & il o)Ll (e )3) et
iy o 5l 3ol jl Wl o pols o oS ol "Blas
ook glaccwlw pluw gas a s ool mlo Ly
L omizm 9 ond sbos)hgl cud )b (9 (SuiSadys
(Jie sloyiall 9 6 pSmaeal Slapsio 13 (S Sl Jlosl
STy )8 el 3550 (6555liS” o JSII plo gl
] patin 3 AL Ly it (sadlan (5ot Lo s o
o 5ol 2oly Sy Gllg Bum g 105 Sk gyl
potde b 4 39 Sod jop plin 13 (B3 pols Lad )3 (g pud
doly S S o)l pl g cdYs Sl cdb (w8ly o .l jlien
5 b o)l o o8 (il 5 e (g NI o0 AP

s el 5 Olusle (3 clagus Jdods cimgdy oyl 5o
7S Sl dapad bl aod (pl gaiaJgey8 «bin @b (13905
13 ] il 38l sy S5 45 9 Lol wenis gl b ol o035
SAD (it Cusl AP e (S0L 5 Spsl ol sl
Comdg 45 Am o (Lt (5 pglogms padld dlyy (sjloaiay
Ol g ol @l l581 /Y & /FY Gl gy (6,058 (goladl
5 0l Byunn qglanias oladylilinl (33,5 a5 3 b aS conl Lise
a5l <l g 4y g (LS (g 58 (slaaiyie plu g (5
S e U e g CasS sbygiSl il oo il
B P R 4 e N
3 95 Sl dgm0 Cu (agds Gl 1L G1djeide
3,5 bliswl glgi oo psbo ol (bl cnlyy sles Jlosl g (5 S
o8 o claasly o)l g gyglol bl ,o (eoloiin Jao oS
2500 walais 3 a8 o) "liae .ol 0dgai Jas 3890 (6 i
9 )8 G el 095 M5 e sl 192« Sles sloyialil
Jace 5l sael ey ol b o J3S 51 55 ) ggp claan e
Ml 5 sl 35 Ca Lol lsieas Ll oo «soloiiy
2565 )8 o3latal 390 «(5yed (imkio Slas)9 > Mg Slles
b (S @ S035) U5)) ceipSlas & oo 3 (a3ls o (05
0a3ls s 0l el by sl 3 Slos 3500 Sl g a0 0 (LS
O el ey Blaal (ca ey gl gl (golne Wil o
il 3gs (adgi anly (o)l g Gslol ganwg jslated;
S A ol 00 awasd yjs &S Cpl 4 dagil cddllas pl jo
13 a)la 1y Slawyjeyds oy Cubils cdun ol jldle (> (e ld
iy anlgs 393y ] 5l oyl )lub 5 g ysl b dgup Kl
45 oad w85 Hlai > sy o0 (a5) Sleinn (Silea
OLSel 9y 48,55 5158 (o0 3)90 Ol Cllllas )3 (4956
5 gl e gl )3 1) S (15 2l 5 il Jao
5 5ol ol (ool 4o comized 55l 00 w2l ()luk
5 olnb dlal ples Bd L 1) (58 5 inio slassly s)lub
a3 )S b 0 Mblg e ags ol a5 wled o s (50l
ln ol )b ulais )3 sl )8 S50l G o 1)) Je b0y ot
il megds ool ok (6yed P9 s S sl el Mg
L odgad Colin ) 4805, prouad [ )laels ol Julow ¢ 4y 500
st Jlo plgisas sl |y 5lul 5 6yl dpe sloass
sy yplaiadss 35S o)l (1) b g L JT adllao s
a8 3980 dladitiy «SiBf w9l 1 ool progMe ¢ S9iS Jae
151 0 e b plaagl g ()50 SalE slaty Sl
5355 e ozl s iy



IWAY 3l o oylod FY > (653l dnmgi g olasdl s YAY

L olyod cicatily (6 )i alo p dluse 9 3)5 |y e 4 cuSl, So aS 1y e Lol amd )3 55U cod ) oan] loj ame o2
ol ol pogdo 5l oolatnl di agd o Jold ] g3l 5 yra b L sl e 50 s So8 G5l sy (ag) plis
Sl ¢ 51 Oldlas 4> oas al)l Joe oyianS e by 9l |y edls opl amd o L dy 355k canday 1y Liagllas
20,5 o Uy (eadgr anly S as oyl ol eIV 5 el o by
&l
1- Al-Sharrah G., Elkamel A., and Almanssoor A. 2010. Sustainability indicators for decision-making and
optimisation in the process industry: The case of the petrochemical industry. Chemical Engineering Science,
65(4): 1452-1461.
2-  Aryanezhad M.B., and Hemati M. 2008. A new genetic algorithm for solving nonconvex nonlinear programming
problems. Applied Mathematics and Computation, 199(1): 186-194.
3- Astigarraga L., and Ingrand S. 2011. Production flexibility in extensive beef farming systems. Ecology and
Society, 16(1).
4-  Beck A. 2014. Introduction to Nonlinear Optimization: Theory, Algorithms, and Applications with MATLAB
(Vol. 19): Siam.
5-  Beliakov G., Sola H.B., and Sanchez T.C. 2016. A practical guide to averaging functions (Vol. 329): Springer.
6- Béné C. 2013. Towards a quantifiable measure of resilience. IDS Working Papers, 434: 1-27.
7-  CarrJ. 2014. An introduction to genetic algorithms. Senior Project, 1: 40.
8- Commission, United Nations Brundtland. 1987. World Commission on Environment and Development (WCED):
Our Common Future: Oxford: Oxford University Press.
9- Darnhofer 1. 2014. Resilience and why it matters for farm management. European Review of Agricultural
Economics, 41(3): 461-484.
10- De Freitas Pinto R.L.U., and Ferreira R.P.M. 2014. An exact penalty function based on the projection matrix.
Applied Mathematics and Computation, 245: 66-73.
11- Erjavec E., Volk T., Rac I., Kol JaM., Pintar M., and Rednak M. 2017. Agricultural support in selected Eastern
European and Eurasian countries. Post-Communist Economies, 29(2): 216-231.
12- Fiksel J. 2006. Sustainability and resilience: toward a systems approach. Sustainability: Science, Practice, and
Policy, 2(2).
13- Frorip J., Kokin E., Praks J., Poikalainen V., Ruus A., Veermde I., and Ahokas J. 2012. Energy consumption in
animal production-case farm study. Agronomy research Biosystem engineering. Special, 1: 39-48.
14- Galal Noha M., and Moneim Ahmed F Abdul. 2015. A mathematical programming approach to the optimal
sustainable product mix for the process industry. Sustainability, 7(10): 13085-13103.
15- Gezer 1., Acarollu M., and Haciseferolilllari H. 2003. Use of energy and labour in apricot agriculture in Turkey.
Biomass and Bioenergy, 24(3): 215-219.
16- Glover J. 2012. Rural resilience through continued learning and innovation. Local Economy, 27(4): 355-372.
17- Hammond B., Berardi G., and Green R. 2013. Resilience in Agriculture: Small- and Medium-Sized Farms in
Northwest Washington State. Agroecology and Sustainable Food Systems, 37(3): 316-339.
18- Kitani O., and Jungbluth T. 1999. CIGR handbook of agricultural engineering. Energy and Biomass Engineering,
5, 330.
19- Krebs J. 2002. McCance and Widdowsonlsl the composition of foods: summary edition, 6th summary ed: The
Royal Society of Chemistry/Food Standards Agency, Cambridge/London.
20- Kuhlman T., and Farrington J. 2010. What is sustainability? Sustainability, 2(11): 3436-3448.
21- Meul M., Nevens F., Reheul D., and Hofman G. 2007. Energy use efficiency of specialised dairy, arable and pig
farms in Flanders. Agriculture, Ecosystems and Environment, 119(1): 135-144.
22- Mobtaker H., Keyhani A., Mohammadi A., Rafiee Sh., and Akram A. 2010. Sensitivity analysis of energy inputs
for barley production in Hamedan Province of Iran. Agriculture, Ecosystems and Environment, 137(3): 367-372.
23- Mollenhorst H., Klootwijk C., van Middelaar C., van Zanten H., and de Boer I. 2014. A novel approach to assess
efficiency of land use by livestock to produce human food. Paper presented at the Proceedings of the 9th
International Life Cycle Assessment of Foods Conference (LCA Food 2014).
24- Morgan N.A., and Piercy Nigel F. 1998. Interactions between marketing and quality at the SBU level: influences
and outcomes. Journal of the Academy of Marketing Science, 26(3): 190-208.
25- Naylor Rosamond L. 2009. Managing food production systems for resilience Principles of Ecosystem Stewardship
(pp. 259-280): Springer.
26- Ozkan B., Akcaoz H., and Fert C. 2004. Energy input’ output analysis in Turkish agriculture. Renewable Energy,
29(1): 39-51.
27- Park C.H., and Irwin Scott H. 2004. The profitability of technical analysis: A review.



YAD  aogo g spein liuw pied (6 paidglS (aiuo sl Tg (55l 9 (6591 DU (ot

28-

29-

30-

31-

32-

33-

34-

35-

36-
37-

38-
39-

Prendergast AC. 2008. IPCC’ intergovernmental panel on climate change. Choice Curr. Rev. Acad. Libr, 45:
1570-1571.

Qobadi M., Mohammadzamani D., and Shahrami A. 2015. Evaluation of energy indi ces in Qazvin dairy farms
using data envelopment analysis. Biomedical Engineering Journal, 4(4): 16.

Rafiee S., Khoshnevisan B., Mohammadi I., Aghbashlo M., and Clark S. 2016. Sustainability evaluation of
pasteurized milk production with a life cycle assessment approach: An Iranian case study. Science of the Total
Environment, 562: 614-627.

Saaty Thomas L. 2008. Decision making with the analytic hierarchy process. International Journal of Services
Sciences, 1(1): 83-98.

Samuel Vijayalakshmi B., Agamuthu P., and Hashim MA. 2013. Indicators for assessment of sustainable
production: A case study of the petrochemical industry in Malaysia. Ecological Indicators, 24: 392-402.

Schlink AC., Nguyen ML., and Viljoen GJ. 2010. Water requirements for livestock production: a global
perspective. Soil and Water Management & Crop Nutrition Subprogramme, 6.

Tang K., Yang J., Chen H., and Gao S. 2011. Improved genetic algorithm for nonlinear programming problems.
Journal of Systems Engineering and Electronics, 22(3): 540-546.

van Apeldoorn D., Kok K., Sonneveld M., and Veldkamp T. 2011. Panarchy rules: rethinking resilience of
agroecosystems, evidence from Dutch dairy-farming. Ecology and Society, 16(1).

Von Mises, Ludwig. 2008. Profit and loss: Ludwig von Mises Institute.

Wells C.M. 2001. Total Energy Indicators of Agricultural Sustainability: Dairy Farming Case. Study Final Report.
Report to MAF Policy. Department of Physics, University of Otago.

www.fao.org.

Yokota T., Gen M., and Li Y.X. 1996. Genetic algorithm for non-linear mixed integer programming problems and
its applications. Computers and Industrial Engineering, 30(4): 905-917.


http://www.fao.org/

