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INPUTS REQUIRED BY THE E-COW MODEL
Cows

· Genotype of Holstein Friesian (North American or New Zealand) 

· Live weight (LW) at calving

· Potential milk yield (kg in 305 days of lactation)

· Potential milk fat yield (kg in 305 days of lactation)

· Potential milk protein yield (kg n 305 days of lactation)

· Body condition score (BCS) at calving (scale 1-5)

· Conception date (days after calving)

· Dry off date, i.e., ceasing of lactation (days after calving)

Feeding

1. Definition of feeding periods (in days after calving, i.e., day 1 to day 50)

2. Inputs required for each feeding period: 

· Herbage allowance

· SD of herbage allowance (for stochastic simulation of daily herbage allowance)
· Herbage neutral detergent fibre (NDF) concentration

· Herbage metabolisable energy (ME) concentration

· Supplements DM offered
· Efficiency of utilisation of supplements offered 
· Supplements NDF concentration 
· Supplements ME concentration

LIST OF EQUATIONS OF THE E-COW MODEL
METABOLISABLE ENERGY (ME) BALANCE (ME Balance)
ME Balance = Difference between ME intake and total ME requirements 

[image: image2.png]ME Balance = MEItkTotal — (MEm + MEp + MEgr + ME Potential Milk Yield +
ME from/to BCS Change)



      
MEItkTotal = ME consumed from herbage plus supplements.
MEm = ME for maintenance.
MEp = ME for pregnancy. 
MEgr =ME for growth in the case of young animals.
ME Potential Milk Yield = ME required for milk synthesis, if no nutritional restrictions occur (see MILK model below).
ME from/to BCS change= ME mobilised or synthesised from/to body lipid reserves, if no nutritional restrictions occur (see LIPID model below).
If ME Balance is less than zero, i.e., nutritional restrictions do occur, then an iterative procedure is used to reduce ME Potential Milk Yield and increase BCS loss (or decrease BCS gain) by changing ME from/to BCS change, each by 1%, until ME Balance is set to zero. 

Iterative procedure used to calculate metabolisable energy (ME) partitioning
The iterative procedure, depicted in Figure 1 of the manuscript, is written in Visual Basic programming language as follows:
Sub Iteration 

        .MEmilk = .ME Potential Milk Yield 

        .MEBalance = .MEItkTotal - (.MEmilk + .MEfromToBCSChange  + 

        .MEm +  .MEp + .MEgr)

        Do   

If .MEBalance > 0 Then

                  .ME to Milk Yield = .MEmilk * 1.01

If .MEfromToBCSChange > 0 then

.MEfromToBCSChange = .MEfromToBCSChange * 1.01



Else


.MEfromToBCSChange = .MEfromToBCSChange * 0.99

End if


Else

                  .ME to Milk Yield = .MEmilk * 0.99

If .MEfromToBCSChange > 0 then

.MEfromToBCSChange = .MEfromToBCSChange * 0.99



Else


.MEfromToBCSChange = .MEfromToBCSChange * 1.01

End if

End if 

.MEBalance = .MEItkTotal - (.MEmilk + .ME fromToBCSChange + .MEm + .MEp + .MEgr)

       Loop Until Abs(.MEBalance) <= 1
End Sub
MEmilk = Actual ME available for milk yield after the adjustment shown in the iteration above.
PREDICTION OF DRY MATTER INTAKE: INTAKE MODEL
PotDMI = Min (PotDMIr, PotDMIe, PotDMIg)

PotDMI = Potential dry matter intake of herbage.
PotDMIr= Physical limitation to rumen fill.
PotDMIe= Metabolic limitation to energy demand.
PotDMIg= Grazing limit to intake, representing a ceiling set by ingestive constraints.
 PotDMIr [image: image5.png]00165 « LW
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LW = live weight.
% Pasture NDF = Neutral detergent fibre (NDF) concentration in pasture.
SOL = Coefficient accounting for effect of stage of lactation on maximum rumen capacity.
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w= Week of lactation.

PotDMIg = LW * 0.0375 * SOL                                                             

PotDMIe (kg DM/cow/day)= MEReq / PastME                                            

PastME = ME concentration in pasture. 

MEReq = Total ME requirements.
MEReq (MJ ME/cow/day) = MEm + MEp + MEgr + ME Potential milk Yield + 
ME from/to BCS Change
[image: image9.png]ME Potential milk yield (M] ME/day) = S » ELx (de™ 2% + 16 xeV® *+17x eV *)/Kl




S= Maximum milk secretion rate of active alveoli.
t= Time after calving (days).
E= Energy status at day t (set to 1 to calculate potential milk yield (no nutritional limitations) in the present model). 
L= Parameter that governs the response of milk yield to nutrition (see Table 1).
d, k2, l6, w6, l7 and w7 = are parameters related to the alveolar dynamics (values defined in Table 1).
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MEdiet = Weighted average energy content of feeds consumed (MJ ME/kg DM).
Herbage DM intake of cows fed only pasture (HerbDMI0) 

HerbDMI0 = Herbage DM intake before supplementation.
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HA= Herbage allowance; kg DM herbage offered/cow/day).
HE= Harvesting efficiency, i.e., efficiency of grazing.
For ryegrass-based pasture with allowance expressed at ground level:
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For ryegrass-based pasture with allowance expressed at a cutting height of 4cm above ground level:
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For lucerne-based pastures with allowance expressed at 4 cm above ground level:
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HA/PotDMI = Is a measure of the pasture offered relative to the cow’s demand for pasture at grazing.
Herbage DM intake of cows offered pasture and supplements (HerbDMIs)

HerbDMIs = Herbage DM intake of cows offered pasture and supplements.
HerbDMIs [image: image21.png]‘HerbDMIo — SR * SupplDMI



                                                                                      

SR = Substitution rate, expresses the decrease in kg DM intake of herbage per kg DM intake of supplement (SuppDMI).
SuppDMI = kg DM intake of supplement. 

SR = 0.21 * HDMI – 0.18                  

HDMI = Herbage DMI before supplementation, expressed as kg DM/100 kg LW. 
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PREDICTION OF MILK YIELD: MILK MODEL
Energy requirements for milk production (MEl)

The ME Potential milk yield (defined in Line 120) is adjusted by the age of the cow. Multiplicative age adjustment factors for potential milk yields are: 0.75, 0.87, 0.95, 1.0, 0.97 and 0.92 for lactations 1, 2, 3, 4 to 7, 8 and 9, respectively. 
Then, ME Potential milk yield is converted into ME milk (ME available for milk yield, see iteration).
Actual milk yield (kg/cow/day) = ME milk / MEl

MEl = ME required to synthesise one kg of milk
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PercMilkFat = Percentages of milk fat.
PercMilkProt = Percentage of milk protein. 
Lactation curves for milk fat and milk protein: 
yt = a + b * e-0.05t + c * t 




     





yt = Percentages of milk fat or milk protein at day t of lactation. 
e= Base of the natural logarithm (2.718281828).
a, b and c = Parameters that define the scale and shape of the curve (Table 1). 

Parameters a, b and c are adjusted according to the amount of concentrate in the diet (Table 1).

PREDICTION OF BODY CONDITION SCORE (BCS) AND LIVE WEIGHT (LW): LIPID MODEL
	


Conversion between BCS, LW and body lipid mass (L)
BCS_standard (scale 1-5) = 5

LW_at_BCS_standard = LW_at_calving / (1 - 0.1* (BCS_standard – BCS_at_calving))

kgLW_ per_ unit_ BCS = 0.1 * LW_ at_BCS_standard

LW_at_BCS_3 (scale 1-5) = LW_at_BCS_standard – (2 * kg_LW_per_unit_BCS)

Gut fill = 0.15 * LW_at_BCS_3  

Empty body weight (EBW) = LW_at_BCS_3 * (1- 0.15)

L = Body lipid mass (kg).  

L_calving = Body lipid mass (kg) at calving.  

T = Time at which the cow is driven to have a target lipid mass (assumed at 112 days after calving). T occurs at or around conception.
L_at_T = Body lipid mass (kg) at T. 
L_next = Body lipid mass (kg) at next calving. 

L_target = Body lipid mass (kg) that the cow is driven to have at T when, T occurs after conception.
BCS_calving = BCS at calving.
BCS_T= BCS at time T (genetically driven, given in Table 1). 

BCS_next = BCS at next calving (genetically driven, given in Table 1).
PregnancyLen = Length of gestation (days).
DFCalving = Days from calving. 

Conception = Date of conception (days after calving).
DFConception = Days from conception.
L_calving (kg lipid) = 0.12 * (BCS_calving - 0.36) * EBW

L_at_T = 0.12 * (BCS_T - 0.36) * EBW    

L_next = 0.12 * (BCS_next - 0.36) * EBW 

dL/dt (kg/d) = Rate of change of body lipid mass (L) over time (t).
dLcalv (kg/d) = Rate of change of body lipid mass at calving.
dLnext (kg/d) = Rate of change of body lipid mass at the next calving.
dLT (kg/d) = Rate of change of body lipid mass at day T.
MaxLipLoss (kg/d) = Maximal rate of lipid loss (see Table 1).
Rate of lipid change 

The case in which T occurs before conception

dLcalv (kg/d) = 2 * (L_at_T - L_Calving) / T  

If dLcalv is more negative than MaxLipLoss then the following adjustments are made: 
dLcalv = MaxLipLoss
T = 2 * (L_at_T – L_Calving) / MaxLipLoss
At any time between calving and T the rate of lipid change (dL/dt) is given by:

dL/dt = dLcalv * (1 – (DFCalving /T)) 
At any time between conception and the next calving the rate of lipid change is given by:

dL/dt =  2 * (L_next – L_at_T) * (DFCalving - DFConception) / (PregnancyLen^ 2)

The case in which T occurs after conception

Ltarget = L_at_T + (DFConeption^2) * (L_next – L_at_T)/( PregnancyLen^2)

At any time between calving and T the rate of lipid change (dL/dt) is given by:

dL/dt = dLcalv - (1 – (DFalving /T)) 

At any time between conception and the next calving the rate of lipid change is given by:

dL/dt = 2 * (L_next – L_target) * (DFCalving - DFConception) / (PregnancyLen^ 2)

Conversion between different BCS scales
BCS_USA = 1.5 + 0.32 * BCS_NZ

BCS_USA = BCS expressed in US scale (1-5).
BCS_NZ = BCS expressed in NZ scale (1-10).
METABOLISABLE ENERGY REQUIREMENTS
Energy requirements for maintenance 

MEm = The ME required for maintenance.  
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A = Age in years.
Km = Net efficiency of use of ME for maintenance calculated as: 0.02 MEdiet + 0.5.
MEdiet = Weighted average ME concentration of the feed available (MJ/kg DM). 

MEmilk = Amount of dietary ME being used directly for milk production. 

Egraze = Additional energy expenditure of a grazing animal compared with a similar housed animal. 

Egraze  (MJ net energy day) = 
[image: image28.wmf]LW

GF

T

D

HI

*

3

05

.

0

)]

9

.

0

(

*

*

06

.

0

[

ú

û

ù

ê

ë

é

÷

ø

ö

ç

è

æ

+

+

-


HI = Herbage dry matter intake (kg/cow/day). 

D = Dry matter digestibility (decimal).
T = 1.0 or 1.5 or 2.0 for respectively level, undulating or hilly terrain (assumed to be 1 for dairy cows and 1.5 for sheep and beef cattle).
GF = Availability of green forage (t DM/ha) = assumed at 1.5.
Energy requirements for live weight change in lactating animals 

The energetic cost associated with LW change due to changes in BCS (LW0) is calculated as follows:

ME per 1 kg LW gain (MEKgLwtGain) = (10.1 + 1.976 * BCS) / Kl

ME available from 1 kg LW loss (MEKgLwtLoss) = (10.1 + 1.976 * BCS) * 0.84 / Kl

Energy requirements for live weight change in non-lactating animals 

ME per 1 kg LW gain (MEKgLwtGain) = (10.1 + 1.976 * BCS) / KGainDry

ME available from 1 kg LW loss (MEKgLwtLoss ) = (10.1 + 1.976 * BCS) * 0.84 / Kl

KGainDry = Efficiency of use of ME for LW gain.
KGainDry = 0.042 * MEDiet + 0.006

Energy requirements for gestation (MEp)

MEp = Eg / 0.13 * CBW / 40

Eg = 0.025 * CBW * Et * 0.0201 * e (-0.0000576* DFConception)
Et = 10 ^ (151.665 - (151.64 * e (-0.0000576 * DFConception)))

CBW = Calf birth weight (kg)

Energy requirements for Growth in young animals 

MEgr = ME required for growth of cows 
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LWgr =LW gain per day due to growth in young animals (see below).
EVg = ME value per kilogram of LW gain.
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CHANGES IN LIVE WEIGHT AND BODY CONDITION SCORE

Live weight change due to changes in BCS
LW0 =Live weight change due to changes in BCS.
LW0 = BCS_change * kgLW_ per_ unit_ BCS. 

BCS_change = Daily BCS change. 
Lt = kg body fat at day t (days after calving).
BCSt = BCS at day t (days after calving).
Lt = Lt (t-1) + dL/dt  

Lt (t-1) = Lt of day before 

BCSt = (Lt / (0.12 * EBW) + 0.36

BCS_change = BCSt – BCS(t-1)

Live weight change due to growth
The LW gain due to growth is calculated on the basis of the difference between target weights at two consecutive lactations. It is assumed that target live weights (Target_LW) post calving are 85%, 92% and 96% of mature weight for cows in first, second and third lactation, respectively. The daily growth is assumed to be linear between lactations.

[image: image34.png]LWer (kg/day) = (Target LWnext — Target LW)/365



                                                          

Target_LWnext = Post-calving LW at the next lactation.

Target_LW = Post-calving LW at the present lactation.
Live weight change due to pregnancy
For pregnant animals, LW gain due to growth of the gravid uterus (LWp) is:
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CBW = Calf birth weight.
T = Time pregnant (days) = DFConception.

e = Base of the natural logarithm (2.718281828).

	
	


Final live weight change

LW_Change =LW0 + LWp + LWgr
Table 1 Default parameters used in the e-Cow model to predict potential milk yield (MILK model), body lipid change genetically driven (LIPID model) and herbage intake (INTAKE model) for New Zealand and North American Holstein-Friesian (HF) cows.  

	Model
	Variable predicted
	Parameter
	New Zealand

HF
	North American HF

	
	
	
	
	

	
	
	S (×10-9)
	4.029
	4.572

	MILK
	
	L (×10-1)
	5.78
	5.07

	
	
	k2 (×10-1)
	1.116
	1.525

	
	Potential
	D (×109)
	-9.614
	-8.903

	
	Milk 
	w6 (×10-4)
	-9.907
	-5.099

	
	Yield
	w7 
	-5.943
	-5.884

	
	
	l6 (×1010)
	2.642
	2.742

	
	
	l7 (×109)
	1.093
	1.107

	
	
	
	
	

	
	Milk fat 
	a
	3.685
	2.76

	
	curve (%)
	b
	2.62
	2.8

	
	
	c
	0.0049
	0.00451

	
	Milk 
	a
	3.072
	2.94

	
	Protein
	b
	1
	1.1

	
	Curve (%)
	c
	0.00337
	0.0035

	
	
	
	
	

	
	Milk fat

Adjustment

Factors1
	a
	3.685
	2.76

	
	
	b
	2.62
	2.8

	
	
	c
	0.0049
	0.00451

	
	
	
	
	

	
	Milk protein

Adjustment

factors1
	a
	3.072
	2.94

	
	
	b
	1
	1.1

	
	
	c
	0.00337
	0.0035

	
	
	
	
	

	LIPID
	
	BCS day T 1st
	3.00
	2.75

	
	
	BCS day T 2nd
	2.90
	2.65

	
	
	BCS day T >2  
	2.85
	2.60

	
	
	BCS next calving
	3.30
	3.05

	
	
	MaxLipLoss5
	-1.75
	-1.75


1Adjustment factor per kg DM concentrate in the diet.
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