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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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Evaluation the resilience of dairy farmers
in the UK coping with foot-and-mouth
disease.
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programming.

3505 9051 1) S9 b 29,bg) 098

It has been resilience studies of how farms cope with the shock

3505 9051 1) S9 b 29,bg) 098

It has been resilience studies of how farms cope with the shock

(VoO¥)

(%)




IWAY 3l o oylod FY il (653l dnmgi g olasdl aypts YV

)]
Environmental

@kl

Sustainability

Jossge ol B pas

Sty g 555
ol Renewable energy
[EFD
Energy siAons

Energy intensity
e § askizd

ks e G e Land use

[Natural resource \

Water requirements

Ll Led
VIR raiis S jaundy (il IS Lol
Greenhouse gas . .
. Direct greenhouse gas emission
emission

25 2 g Jo Slega ol
Somatic Cell in milk

olaz
Economic

g0
Profitability

22 R e el el
Microbial load in milk

S pyrde ) Ll ey
Sustainable

et
Production quality

22 P dgrga oS Wl

development in the
new concept

e
Social

SiESS

gl 7 | Technology

Resilience

il
Policy

o Aflatoxin in milk
K5 Sgigite
Labor expenditure

22 2 33290 Sipm Al ol
Antibiotic in milk

S Ay o

Farm efficiency

458 g5 Cules
Nominal Support Coefficient

Wby Jro 53 (55l 5 (5591 AL ol o dlamdben HUB L Y JSUS
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
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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
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Feed
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c).alm.\f {:)5515 6.3
Concentrate kg
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Silage kg
iy, P oks 15 21)
Alfalfa kg
o PSS 12.5 (29)
Straw Kg
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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. ¢;: Unit electricity energy content (MJ/kWh)
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%) 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) o1 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)

(J5315s) s34 palls o3l : NEG
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
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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)
Reglllence and sustainability Profitability F fici
indicator Ral : S Ipoticyype: arme |C|e.ncy
Al ga> ol Coles oy
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: s gas: 55 MMC: slawgiegls manure: 38
Wheat strew Gas Middle milk cow Cow manure
€Ol s G: s Imec: Jseas wo L1300 sl e iy
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)
Clq * (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 * (Mliter) 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 GHGg:

Land needed per dairy cow (m?)

Pl 5 (sl 55 350

Water needed per dairy cow (liter)
J593 Gejbo I alls 5l5 Ll

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: 2y (S G GHGgpe: Gy b § S5 5 Lasl

Aflatoxin in milk GHG Emission by electricity (kg CO2)
effirarm: b aely L GHGpn: 2898 Byl 5l SIS 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.
MAX s & haels 5 S jsSlis GHGpe: CO2)

o Maximum efficiency of farm 8 8 5 Gusb J W 5 L)
GHG Emission by Low milk cow (kg eq. CO,)

Total cost: Solels gla ausa S Qp: SMF pd i

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)
Revg,: S glSj) Juols ol Wey: 0ald » dly panaS 0

Revenue of dry cow (IRR) Weight per indicator
ReVimanure: 398 5l Juol> el o0& A: 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 ere = Cws WSmmce + Cco Commc) + Imc (Ca Apme t Ces CSpme + Cws WSLme + Ceo Come) (ﬂ)
- hme (cq Apme + CesCShme + Cws WShime + Cco COpme) + Mme (Cq Qe + Ces 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 m?

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)? + Wancluce)? +
(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 Lexpy 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
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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
Sy o gl aods -4 Jgu
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 (slaaBl trite
Source: Research findings
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