0% SINRAE
.+.0. €=  PRODUCTIONS
. <ANIMALES

Marc BENOIT, Patrick VEYSSET

Livestock unit calculation:
a method based on energy
requirements to refine the study
of livestock farming systems

INRAZ

INRAE Prod. Anim.,
2021, 34 (2), 139e-160e

Université Clermont Auvergne, INRAE , VetAgro Sup, UMR Herbivores, F-63122 Saint-Genés-Champanelle, France

marc-p.benoit@inrae.fr

M The concept of a livestock unit (LU), which was originally intended to reflect the animal stocking rate on the
farm according to the energy requirements of the animals, is now based on standardized coefficients that do not
take into account certain essential characteristics of the animals, such as their size or production level. To take
these characteristics into account, we propose equations for calculating livestock units based on the net energy
requirements of animals and usable at the farm level.

Introduction

The concept of an animal unit
appeared at the beginning of the 20th
century in the United States to better
appreciate the use of pastures used
simultaneously by cattle and sheep
(Scarnecchia, 1985).The animal unit then
reflected the grass harvesting capacity
of a grazing herbivore, with one adult
cow considered to be worth one horse,
five sheep or five goats. Additionally,
in the United States, in the mid-1950s,
the animal unit was explicitly defined
on the basis of the animal’s live weight
but implicitly referred to the level of
forage intake on pasture. In France, the
livestock unit (LU) concept appeared in
the early 1960s to help analyse produc-
tion systems (Boichard, 1969), with the
aim of enabling comparisons between
herds of different structures based
on the animals’ energy requirements
(Coléou, 1960). In the United Kingdom,
Upton (1989) expresses the fact that

the evaluation of the productivity of
a herd must be expressed per animal,
thus leading to the consideration of the
different types of animals in this herd
and to their expression in a common
unit. Coefficients for conversion into
LUs were then proposed basis of the
energy requirements of the animals,
which depend solely on the animal’s
metabolic weight. In the 1980s, to char-
acterise and develop livestock farming
in the African tropics, the first task was to
quantify the number of animals present
in these regions by aggregating large
and small ruminants and monogastric
animals. The concept of the tropical
livestock unit (TLU) was thus proposed
(Jahnke, 1982). It was then important
to evaluate the number of ruminants in
relation to the available rangeland and
pasture areas, hence the concept of the
tropical cattle unit (TCU).

Regardless of the method of extrapo-
lation between types of animals or spe-
cies, the notion of animal unit requires
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the definition of a reference animal.
In Australia, this is the empty sheep
(McLaren, 1997). In the United States, in
1974, the Society for Range Management
defined an animal unit correspond-
ing to a dry pregnant cow weighing
1000 pounds (454 kg live weight) and
consuming 12 kg of dry matter (DM) of
forage per day, without specifying any
further details on the high qualitative
variability between types of forage.
There was some discussion about the rel-
ative importance of animal weight and
forage intake in defining an animal unit.
Scarnecchia and Kothmann (1982) pro-
posed to base the definition on forage
intake only (1 animal unit = 12 kg DM
forage/day). In Africa, for Upton (1993),
an LU is a cow (female over 4 years old)
of 250 kg, and the equivalence coeffi-
cients of the different types of cattle are
calculated according to the metabolic
weight of the animals (1 heifer from 1 to
4 years old weighing 100 kg = 0.50 LU;
1 whole or castrated adult male of 320 kg
=1.20 LU). In the tropics, aTLU is defined
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on the basis of an animal weighing 250
kg regardless of its type, age or sex; this
definition coexists with that of a TCU rep-
resented by a bovine weighing 175 kg
(1TCU=0.70TLU). Aflat live weight, and
therefore a TLU coefficient, is assigned
to small ruminants (25 kg or 0.10 TLU),
mules (175 kg or 0.70 TLU), pigs (50 kg or
0.20 TLU) or poultry (2.5 kg or 0.01 TLU)
(Jahnke, 1982; Assouma et al., 2018).

In France, LU was defined as a unit of
net energy consumption by zootech-
nicians, and its initial definition (in the
1960s) was clear: an LU corresponded to
a 600 kg dairy cow producing 3 000 kg
of milk and consuming 3 000 feed units
(UF Leroy, 1 UF = energy content of one
kilo of barley (Demarquilly et al., 1996))
per year. Over the years, depending
on the needs of the various technical,
economic or administrative services for
the analysis of livestock production sys-
tems, the definition of the LU has shifted
from an energy consumption level,
which is difficult to assess, to a standard
fodder consumption level, defined on
the basis of 4 500 kg DM of fodder per
year. This “sliding” French definition of
the LU was finally fixed and collectively
adopted empirically by the agricultural
profession and the Centre d’Economie
Rurale (Iger-Centres-de-Gestion, 1989):
it is a dairy cow with a live weight of
600 kg, a production level of 3 000 kg
of milk per year, an annual requirement
level of 3 000 FU and an annual forage
consumption of 4 500 kg DM.

In reality, these levels of forage con-
sumption (and a fortiori of UF) are not
available because they are very difficult
to evaluate, especially for the grazing
period. Moreover, it no longer seems
appropriate to estimate the LU value of
a herd on the basis of the level of forage
consumption when concentrate con-
sumption can reach two tons per cow
per lactation in well-referenced produc-
tion systems (Idele, 2019). Additionally,
in the absence of available data on ani-
mal intake levels, technical-economic
analyses are generally based on the
equivalence of 1 cow =1 LU, particularly
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for calculating the stocking rate of the
fodder area, for extremely variable
levels of requirements and forage use
by animals. Three limitations appear
when the LU coefficient is based on a
standard quantity of forage dry matter
consumed: i) the high variability of for-
age digestibility and of their share in the
ration; ii) concentrate inputs can repre-
sent a very large share of the energy
and protein requirements of animals
with high needs; iii) since forages are
primarily intended for herbivores, a
notion of LU based on their consump-
tion does not allow for the extension of
an Animal Unit system to monogastric
animals.

In addition to its use in research and
development for the analysis of produc-
tion systems, the LU concept is widely
used for statistical purposes and for
administrative management, such as
the payment of public aid. A certain
convergence of LU values for a given
type of animal exists between the dif-
ferent actors or institutions, but differ-
ences can be important, particularly for
small ruminants ( ).

An important limitation to the use
of the LU in the different countries
that use this concept for technical-
economic analyses is the fact that, for
a given animal category, the LU coeffi-
cient per animal is constant regardless
of its size or production level, which
can bias the conclusions of zootech-
nical or economic studies using the
LU in the construction of indicators
for analyses. Some authors have thus
been led to make corrections for vari-
ations in animal feed requirements in
the analysis of livestock systems over
different time horizons (Cavailhés et al.,
1987). It should be remembered that
these indicators are most often aimed
at quantifying the animal “load” on the
farm, on the scale of an agricultural year
(12 months), with regard to the produc-
tion factors used (whether it be land
and fodder resources, labour, capital,
etc.) on the one hand, and the produc-
tion marketed on the other.

The objective of this paper is to pro-
pose a method for calculating the LU
according to the descriptive data of the
animals (Rothman-Ostrow et al., 2020),
taking simultaneously into account their
size and their production level. For this,
a metric is needed, and we retain the
net energy requirements of the animals.
This proposal seems to us essential for
accurate, comparative (between farms,
especially for farms raising different
animal species, ) or diachronic
technical-economic analyses; indeed,
the “weight” of the herd appears to be
central for correctly evaluating both the
efficiency of the means of production
used and the levels of production. The
LU remains an indispensable conceptin
works developed at’meso ‘' perimeters:
not at the scale of an animal or a batch
of animals, nor at the scale of a large
region or a country, but at the scale of
a farm or a group of farms.

After presenting our proposals and
our methodological choices, which are
intended to be generic, i.e., applied in
various and contrasting production con-
texts, we make a proposal for calculat-
ing LUs for cattle, sheep and goatson a
herd scale. A sensitivity analysis for each
parameter selected and taken inde-
pendently in this calculation method
leads us to propose two types of equa-
tions according to the information avail-
able and whose level of precision will
be different. Finally, we will discuss the
selected method as well as the results of
the application of the two methods to
contrasting case studies in dairy cattle
and sheep for meat productions.

1. Methodological
proposal

H 1.1. A method based
on the net energy
requirements of animals

After the first proposals to base
the concept of livestock units on the
energy requirements of animals, the
level of fodder intake became, for ease
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LU coefficients used for different types of animals in cattle, sheep and goat herds in France according to various
institutes and users and in European statistics (for a one-year presence of the animals) (EUROSTAT, 2019, IDEA, 2019).

Research Institut Administration Eurostat
INRAE de I’Elevage CAP aids European Statistics

Dairy cow 1.0 1.0 1.0 1.0
Suckler cow without calf 0.86 0.85 1.00 0.80
Female 3-8 months 0.32 0.25 0.00 0.40
Female 8-12 months 0.39 0.40 0.60 0.40
Female 12—24 months 0.60 0.60 0.60 0.70
Female 24—-36 months 0.80 0.80 1.00 0.80
Male 3-8 months 0.32 0.25 0.00 0.40
Store male 8-12 months 0.45 0.40 0.60 0.40
Store male 12—24 months 0.65 0.60 0.60 0.70
Young bull 8-12 months 0.45 0.60 0.60 0.40
Young bull 12—24 months 0.80 0.80 0.60 0.70
Steer 8-12 months 0.45 0.45 0.60 0.40
Steer 12-24 months 0.65 0.60 0.60 0.70
Steer 24-36 months 0.85 0.80 1.00 1.00
Ewes 0.14 0.15 0.15
Lamb less than 6 months old 0.05 0.05 0
Ewe lamb over 6 months old 0.07 0.07 0.15 (> 1 year) 0.1
Ram over 6 months 0.10 0.15 0.15
e rats0q) | 005(006-009) :
Goat 0.18 0.17 0.15
Femal kid (3 months to a year) 0.08 0.09 0.15 0.1
Billy goat 0.18 0.17 -

of implementation, the central element
of the definition of the livestock unit.
However, since the 1950s, with higher
production targets and in parallel with
the progress made in animal selection
and feeding, the energy requirements
of animals became the main criterion

for characterizing an animal, with the
increased use of concentrates to sup-
plement fodder and the development
of techniques to improve their value
(grass and maize silage in particu-
lar). Moving from dry matter intake
to gross energy ingested by animals

requires knowledge on the compo-
sition of rations throughout the year.
Moreover, moving from gross energy to
net energy requires precise knowledge
of feeds, particularly in terms of digest-
ibility (Demarquilly et al., 1996; INRA,
2018). These elements are impossible
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Cattle and sheep from the INRAE Herbipéle herd in mixed grazing on the
Puy de Berzet (Photo credit: Marc Benoit).

to apprehend at the scale of the differ-
ent periods of the year and the various
types of animals composing the herd.
This leads us to propose to base the cal-
culation of the LU on the total annual
net energy requirements (NEt) of the
animals, calculated from the equations
used by the IPCC (Intergovernmental
Panel on Climate Change, 2019) at the
Tier 2 level, i.e., at a high level of accu-
racy. This level represents a good com-
promise with respect to our objectives:
to account for the physiological stage
(gestation, lactation, growth, etc.), the
rearing method (free-range, building),
the size and the production level of the
animals while being based on parame-
ters accessible in on-farm surveys. This
means considering both the energy
requirements for the maintenance and
activity of the animals and the require-
ments for production and growth and
even work. We can also keep the notion
of a standard animal (dairy cow close to
that defined in the historical method,
with a production of 3 000 litres of milk
per lactation) by calculating its total net
energy requirements (NEt). This animal
will represent one LU and will allow us to
transform the net energy requirements
resulting from the equations proposed
for each type of animal considered into
LU equivalents.
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m 1.2 Calculation
of net energy requirements
of ruminants

The IPCC, as part of the study of cli-
mate change, describes a method for
calculating GHG (greenhouse gas emis-
sions) from livestock and their effluents
(IPCC, 2019). This calculation leads to
defining the energy needs of livestock
in terms of net and gross energy to
estimate their intake of fodder. The
Tier 2 approach requires specifying, for
a type of animal, the zootechnical fac-
tors of variation in its energy require-
ments, in particular its production level
and its weight, through the concept of
metabolic weight (kg of live weight at
power 0.75). Used since the 1930s, this
concept is transversal and applicable
to the entire animal kingdom (Blaxter,
1989). Basal metabolic energy (“main-
tenance needs”) is proportional to met-
abolic weight, although it also depends
on environmental conditions, physio-
logical state, etc. (Ortigues, 1991). The
other major element of the proposed
method is the consideration of the ani-
mal’s production level (milk production
or weight gain).

The IPCC proposes equations for cal-
culating energy requirements for the

various types of animal needs, as shown
in .We do notinclude the energy
requirements for cattle work (Equation
10.11), including traction, or the energy
required to regulate the temperature
of the animals during the cold season
(Equation 10.2), due to the availability
of data and/or the fact that this is not
common practice in Europe. The main
variables used in these equations are
presented in

H 1.3 Calculation
of the herd’s LU value

The energy requirements calculated
according to the IPCC equations are
expressed in MJ per day. The concept
of LU is linked to an annual presence of
each category of animals and therefore
to an annual consumption of NEt. For
animals present on the farm through-
out the year (cows, ewes, goats), we
calculate the sum of daily needs by
subperiods composing the annual
campaign, according to the physiolog-
ical stage of the animal (dry, in produc-
tion, pregnant), its production (milk or
meat), its activity, linked to the type of
grazing and the housing mode. For the
animal categories present for a fraction
of the year, we calculate the NEt require-
ments over the period by summing the
daily requirements. These requirements
are then expressed for a period of one
year by dividing them by the number
of days of the presence period and
multiplying by 365. These annual NEt
requirements are then divided by the
NEt requirements of the reference ani-
mal counting as an LU to obtain the LU
value for the type of animal considered.
The NEt requirement is not calculated
individually (per animal) but for each
category of animal in the herd using the
average zootechnical characteristics of
the batch. The size of the herd in LUs is
calculated by summing the LU values
of the different categories of animals,
which are themselves the product of
the average annual number of animals
(based on the monthly or, better, daily
number of animals) and the LU coeffi-
cient for the same category.
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Different types of net energy requirements of animals, equations proposed by the IPCC and variables needed to
calculate them. IPCC equation numbers correspond to the numbers published in the IPCC (2019).

Net energy requirements for: | IPCC equation no. Required variables

Maintenance 10.3 Live weight

Activity 10.4-10.5 Live weight, type of pasture: p.lain, .mf)untain, ranggland
Percentage of the year spent in buildings and outside

Growth 10.6-10.7 Live weight, adult weight and daily weight gain
Quantity of milk produced, fat and protein content

Lactation 10.8-10.9-10.10 Age at weaning, calving rate, . _
Prolificacy and mortality rate of young animals (small ruminants),
duration of lactation period for cattle

Work 10.11 Not taken into account

Wool production 10.12 Quantity of wool produced, for small ruminants

Gestation 10.13 Live weight and prolificacy for small ruminants

H 1.4. Reference animal
counting as one livestock unit

We propose to base the character-
istics of the reference animal on the
average dairy cow used as a historical
reference in France, i.e., a 600 kg cow
producing 3 000 kg of milk at 4% fat in
one year. We consider that this average
cow spends half the year in pasture
and the other half in stalls, that she
produces one calf per year with a lacta-
tion period of 305 days and a dry period
of 60 days and that she benefits from
constant thermal comfort throughout
the year. This cow is in a herd with a
renewal rate of 22%, whose primip-
arous cows calve at 3 years of age, at
95% of adult live weight. According to
the IPCC equations, such an average
cow has an annual NEt requirement of
29 000 megajoules (MJ). We use this
basis to define one LU.

H 1.5. Approach

to the construction

of equations for estimating
the NEt requirement

For very fine approaches, it is possi-
ble to systematically use the IPCC equa-
tions if all the necessary parameters are

available, which is rarely the case. We
first considered all the animal charac-
terization variables necessary to calcu-
late its energy requirements ( )
and a priori accessible on the farm for
the bovine, ovine and caprine species.
We thus calculated the NEt and the LU
coefficient of an“average”animal in the
context of current European livestock
production by qualifying this animal
as “pivotal” for each of the three spe-
cies and by distinguishing between
milk and meat production for cattle.
In a second step, a sensitivity analysis
was carried out in each of these cases
to identify the variables that have the
greatest influence on the NEt result. For
this purpose, minimum and maximum
values are proposed for each variable,
based on the references made avail-
able by the Institut de I'Elevage on all
ruminant breeding systems in France,
taking into account more particularly
the most extreme production systems
in terms of animal size, production lev-
els and rearing method. For each vari-
able, we calculate the ratio between
the range of variation of the LU value
induced by its own variation (between
its minimum and maximum values) and
the pivotal value retained, the level of
the latter thus having only an indicative

value and not influencing the result of
the sensitivity analysis. We vary each of
the variables one by one, with the value
of the other variables remaining fixed.
This process allows us to identify the
variables that most influence the NEt
result, all other things being equal. By
expertise, we can then determine the
variables that we fix (standardization)
as having a lower impact on NEt, with
a view to proposing two types of equa-
tions (“basic proposal” or “simplified”)
depending on the context and the
availability of data.

2. Application to bovine,
ovine and caprine species

lists the equations we propose
for calculating net energy requirements,
depending on the type of animal con-
sidered and the length of time it is kept.

H 2.1. Cattle

An “average” French dairy cow was
selected (Idele, 2020a), weighing
640 kg, producing 7 000 kg of milk
per 340-day lactation at 4% fat, graz-
ing 4 months per year, with a calving-
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Summary of equations and tables proposed for calculating net energy requirements of animals, by species, type of
animal, period considered, according to two levels of precision.

Species Equation Type of animal Period Type of equation
(1) Cow 1 year Basic proposal
Dairy cattle
(2) Cow 1 year Simplified
3) Cow + calf less than 3 months old 1 year Basic proposal
Suckler cattle
) Cow + calf less than 3 months old 1 vear Simolified
Early weaning y P
(5) Heifers .
+ Tables 5 and 6 (dairy and suckler) 1year Basic proposal
Cattle
(6) Males, all ages .
+ Tables 7 and 8 (dairy and suckler) 1year Basic proposal
Ewes + lambs before weaning .
(8) (dairy and suckler) 1 year Basic proposal
9) Lambs after weaning 1 year Basic proposal
(10) Ram 1 year Basic proposal
(11) Ewes + lambs before weaning 1 year Simplified
Sheep
(12) Lambs after weaning 1 year Simplified
(13) Ewes + lambs + rams 1 year Simplified
(14) Lambs for fattening Fatt. period |Basic proposal
Table 9 Lambs for fattening Fatt. Period Simplified
and 1 year
(15) Goats and kids 1 year Basic proposal
(16) Goats and kids 1 year Simplified
17) Goat 1 year Basic proposal
Goats . . R
(18) Goats, kids and billy goats 1 year Simplified
(19) Fattening kids Fatt. Period |Basic proposal
. . Fatt. Period L
Table 10 Fattening kids and 1 year Simplified

calving interval of 420 days and a dry
period of 65 days (Idele, 2020a). This
cow is in a herd with a 33% turnover
rate, and the primiparous cows calve
at 30 months (at 93% of adult live
weight). Such a cow has a NEt require-
ment of 41 800 MJ per year (51% for
lactation, 42% for maintenance, 4%
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for pregnancy, 2% for activity and 1%
for growth), which corresponds to 1.44
LU (41 800/29 000). This value is called
the “pivot value”. A production of
7 000 kg of milk per cow per year cor-
responds to the average production of
European dairy cows (from 5 900 kg/
cow/year in Ireland to 9 900 kg/cow/

year in Denmark), and the world aver-
age milk yield of cows is 2 500 kg per
year (from 1 500 kg/cow/year in India
to 10 600 kg/cow/year in the USA).
The range of variation of the values
of each variable taken into account to
calculate NEt is determined according
to observable realities in France (Idele,
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Figure 1. Variations in the LU coefficients of dairy cows (a) and suckler cows (b) generated by the variation of the variables
used to calculate net energy requirements between the minimum and maximum values adopted.

a

Milk yield (kg/cow/year)

Cow live-weight (kg)

Fat content of milk (%)

Grazing period (% of year)

Calving interval (days)

Duration of lactation (days)

Range land grazing (% grazing périod)

Live weight at 1st calving (% cow live-weight)

Replacement rate (%)

b

Cow live-weight (kg)
Milk yield (kg/cow/year)
Grazing period (% of the year)

Calving interval (days)

Range land grazing (% grazing period)

Duration of lactation (days)

Live weight at 1st calving (% cow live-weight)

Replacement rate (%)

Pivot value: 1.440 LU Total range
Ipivot value
2000 | 1 000 66.1%
7 000 kg
350 N T 850 29.2%
640 kg
3.0 s 5 16.8%
4%
o I 100 7.1%
33%
500l™ 310 4.2%
420d
2201470 2.89%
340d
0 100 2.6%
0%
95| 85 1.0%
93%
15 | 50 0.8%
33%
- 0.60 -0.40 -0.20 0.00 0.20 0.40
Variation in the dairy cow LU coefficient
; . Total range
Pivot value: 0.986 LU Ipivot value
450 I IR s 41.5%
720 kg
850 I e 3 000 24.6%
1900 kg
O [ e 100 11.0%
60%
520 310 7.9%
390d
O I 100 7.4%
0%
120 N 300 6.3%
270d
95 85 1.2%
95%
10 |1 40 0.8%
23%
—0.200 -0.100 0.000 0.100 0.200

—0.300

Variation in suckler cow LU coefficient

Variables ranked in descending order of impact on the pivotal LU value defined for an average animal whose characteristics are specified as the central value
of each variable (e.g., milk production of 7000 litres per dairy cow).

2020c). Figure 1a shows the impact of
the minimum and maximum values
of each variable considered on the
LU value around the “pivot” value.
It appears that the quantity of milk

produced and the weight of the cows
are the two variables with the great-
est influence on the LU value. Then,
comes the fat content of milk and
the length of the grazing period. The

other variables (calving-calving inter-
val, lactation length, weight of prim-
iparous cows at calving and turnover
rate) have little impact on the NEt
requirements.

INRAE Productions Animales, 2021, numéro 2
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We propose to retain the four vari-
ables that have the most weight in the
sensitivity analysis (milk production,
live weight, milk fat content and length
of grazing period) to which we add the
time spent grazing on pasture, which is
combined with the length of the graz-
ing period. To reduce the calculation to
a one-year presence time, we set the
lactating cow’s presence time at 81%
(340 days of lactation for a 420-day calv-
ing interval) and therefore 19% of her
presence time as dry and 0.87 pregnan-
cies per cow per year (420-day calving
interval). This allows us to propose the
following equation for the annual NEt
requirement of a dairy cow:

(1) ENt_DC (MJ/yr) =
(DP x (22.7 + 25.4 X GR) + 148.3)
X LWO7> + (1.47 + 0.40 x FC) x QM

where DP = duration of the grazing
period expressed as a share of annual
time (from 0 to 1), GR = share of graz-
ing time spent on rangelands or large
mountain areas (from 0 to 1), LW = live
weight of the cow in kg, FC = milk fat
content in %, and QM = quantity of milk
produced per cow in kg per year.

The variables LW and QM are relatively
easy to collect by survey or consultation of
technical databases. If the FC variable is not
available, we propose to set it at 4%; if the
length of the grazing period is unknown,
we propose to set the time spent grazing
and in stalls at 33% and 67% of the year,
respectively. Thus, the simplified Equation
(2) considers only the two variables that
have the most weight (LW and QM) and
are also the most accessible.

(2) ENt_DC (MJ/yr) =
156 x LW®7 + 3.07 x QM

The average animal is a French suck-
ler cow (France has one-third of the
European suckler cow herd) of 720 kg
that produces 1 900 litres of milk
(Sepchat et al., 2017) sucked by her
calf for 270 days. Her calving interval
is 390 days (Idele, 2020d), and her dry
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period is 120 days. Few references exist
on the fat content of milk from suckler
cows, which we set at 45 g per kg of milk
(Sepchat et al., 2017). As suckler farm-
ing is mainly grazing, this cow grazes
7 months a year. She is in a herd with a
replacement rate of 23%, with primipa-
rous cows calving at 36 months (at 95%
of adult live weight). She thus has an NEt
requirement of 28 600 MJ per year (65%
for maintenance, 21% for lactation, 7%
for activity, 6% for pregnancy and 1%
for growth), which corresponds to 0.99
LU (28 600/29 000). The live weight of
the cows and their milk production are
the most important factors ( )
in the calculation of NEt. The energy
requirements for the activity of suckler
cows are relatively more important (7%
of NEt) than those of dairy cows and are
influenced by the length of the grazing
period and the type of grazing (paddock,
rangeland, and mountain areas). We thus
propose to keep the three variables that
have the most weight in the sensitivity
analysis ( ): live weight, milk
production and duration of the graz-
ing period for the calculation of the NEt
requirements of a suckler cow (Equation
(3)), to which we add the variable graz-
ing time on pasture that is combined
with the variable duration of the graz-
ing period. To reduce the calculation
to a one-year attendance time, we set
the lactating cow’s attendance time to
69% (270 days of lactation for a calving
interval of 390 days) and the number of
pregnancies per cow per year to 0.94
(390 days of calving interval).

(3) ENt_SC (MJ/yr) =
(DP x (22.7 + 25.4 X PP) + 146.2)
x LW%7> + 3.27 x QM

where DP = duration of the grazing
period expressed as a share of annual
time (from 0 to 1), PP = share of graz-
ing time spent on rangelands or large
mountain areas (from 0 to 1), LW = live
weight of the cow in kg, and QM = milk
production of the cow in kg/year.

Milk production is difficult to esti-
mate for suckling cows. It can be

approximated by estimating that a
calf drinks an average of 6 to 8 litres of
milk per day over its lactation period
(Sepchat et al., 2017). By knowing the
average duration of calf suckling at the
udder (which generally corresponds to
the age at weaning of the calf, exceptin
some cases where calves are separated
from the mothers and fed reconstituted
milk while the cows are dry), we can
estimate the total milk production of
the cow (QM = milk drunk by calves in
litres per day x duration of suckling at
the udder in days). We also estimate the
duration of the grazing period by set-
ting it at 60% of the annual attendance
time. Thus, we propose the simplified
Equation (4):

(4) ENt_SC (MJ/year) =
160 x LW°75 + 25 x Suck

where LW = live weight of the cow in
kg, Suck = duration of dam suckling calf
in days

Breeding heifers are growing animals
intended for herd renewal and calving at
two to three years old. Their NEt require-
ments are the sum of their maintenance,
activity, growth and pregnancy require-
ments. They depend on the animal’s live
weight and daily weight gain, which
leads to the definition of key life peri-
ods for which NEt requirements are cal-
culated. Each period is characterised by
the beginning and end live weights and
therefore an average weight gain for the
animal considered, objective set by the
breeder to reach a sufficient weight at
the time of calving. The growth require-
ments depend on the age at calving, the
objective being in general to reach 85
to 95% of the weight of the adult cow.
From their second week of life, female
calves in the dairy herd receive fodder
and concentrates in addition to milk,
which is often reconstituted from pow-
der with a high proportion of plant pro-
teins; from birth to three months of age,
we consider that the NEt requirements
of dairy heifers are covered on average
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Liveweight for targets dairy and suckler heifers as a percentage of mature cow weight at different typical ages by

age at calving.

Typical ages 3 months 6 months 12 months | 24 months | 30 months | 36 months
] Calving 2 years 50 85 - -
Heifers
(dairy herd) .
Calving 30 months 15 30 43 78 93 -
Calving 3 years 43 70 - 95
Typical ages 3 months 8 months 12 months | 24 months | 30 months | 36 months
Heifers Calving 2 years 20 45 58 85 - -
(suckler
herd) Calving 30 months 20 43 51 81 93 -
Calving 3 years 20 40 51 75 - 95

by 50% by nondairy feed. These dairy
heifers are weaned between 2 and 3
months of age; from 3 months of age,
their energy requirements are met 100%
by solid feed (forages and concentrates).
Heifers in suckler systems are weaned
between 4 and 9 months. In general,
they do not consume any fodder or
concentrate from 0 to 3 months of age
and therefore count as 0 LU during this
period. At three months, 20 to 30% of
the needs of these heifers are covered
by feed other than mother’s milk (Idele,
2014b). We therefore consider that over
the period from 3 to 8 months, their NEt
needs are covered at 60% on average
by forages and concentrates.

sets weight targets as a percentage of
adult cow weight for different typical
heifer ages.

In all equations for calculating energy
requirements, the live weight of heifers
can be expressed in terms of the live
weight of the mature cow. For example,
the average live weight of a 1-2-year-old
dairy heifer calving at 3 years of age will
be, according to (0,43 X LW+
0,70 x LW)/2, where LW is the live
weight of the adult cow. The weight
gain between 1 and 2 years of age of
this same heifer will be 0.70 x LW - 0.43
X LW_.The only weight variable used in
IPCC Equations 10.3 and 10.6 is the live
weight of the adult cow. We assume that
all heifers spend half the year on pasture

and half the year in the barn, except
for dairy heifers, which remain in the
barn for up to six months. Pregnancy
requirements are calculated over the
last 9 months before calving. Combining
Equations 10.3, 10.4, 10.6 and 10.13 of
the IPCC, we obtain Equation (5) of the
NEt requirement of a farmed heifer
expressed only as a function of the
weight of the adult cow:

(5) NEt_H (MJ/year) =
a x LWc®”> + b x LWc'9?7

where a and b are coefficients
depending on the calving age of the
heifer and the lifespan ( ), and
LWc is the live weight of the mature
cow in kg.

Suckler heifers intended for slaugh-
ter are fed with breeding heifers, except
during their last three to four months
when they receive a fattening ration.
During this last period, the NEt require-
ment can also be expressed as a func-
tion of the adult cow’s weight (target
live weight of the heifer at slaughter: 90
to 105% of the live weight of the adult
cow) with the coefficients a and b given
in

There is great diversity in the type of
males produced, depending on whether
they are castrated (steers) or not (wean-

lings, bulls, young bulls), their age at
sale (from two weeks for dairy calves to
more than 3 years for some steers), their
weight at sale and therefore their daily
weight gain (fromless than 300 g to more
than 1 800 g per day). For high-growth
categories of animals (heavy weanlings,
baby beef), production routes are rela-
tively standardized: growth targets and
sale ages differ little between countries,
systems and cow breeds (Office de
I'Elevage, 2008; Idele, 2010; Pesonen et
al., 2013; Murphy et al., 2018). Whether
derived from purebred cows (Charolaise,
Limousine, Angus, Blanc Bleu Belge,
Hereford, etc.) or from crosses with
dairy breeds, these bull calves are sold
between 15 and 20 months of age with
1100to 1500 g average daily gains from
weaning to sale.

For the categories of animals with
lower growth rates (steers, store
males), the types of animals are rel-
atively diversified: in the grassland
plains of South America, these males
have low growth rates (300 to 500 g
per day) and are slaughtered relatively
light, between 350 and 500 kg (Pravia
et al. 2014; Lampert et al. 2020); in
European grassland areas, the steers
produced have sufficient grass in
quantity and quality to allow bet-
ter growth and they are slaughtered
heavier, from 650 to more than 850 kg
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Values of coefficients a and b for calculating the total net energy requirement of a breeding heifer as a function of
its age at calving and length of life.

Periods of life 0-3 months | 3-6 months | 6-12 months | 12-24 months | 24-30 months | 24-36 months
a 64.14 103.72 - -
Calving 2 years
b 2.71 3.46 - -
Heifers al 1176 41.66 50.88 95.54 123.83 -
(dairy herd) | Calving 30
months
b 0.44 2.75 1.57 3.19 3.50 -
a 59.88 83.10 - 120.56
Calving 3 years
b 1.57 2.28 - 2.78
Periods of life 0-3 months | 3-8 months | 8-12 months | 12-24 months | 24-30 months | 24-36 months
a 32.93 77.52 108.29 - -
Calving 2 years
b 217 3.17 2.72 - -
Heifers
(suckler . a 0 32.17 72.39 101.98 125.46 -
herd) Calving 30
months
b 0 1.93 1.74 2.87 2.77 -
a 31.01 70.65 90.17 - 123.29
Calving 3 years
b 1.60 2.40 217 - 2.22
Values of coefficients a and b for calculating the total net energy require- M 2.2 Sheep

ment of a beef heifer during its fattening period.

Our objective is to calculate the LU
value of the different types of animals
making up the sheep flock (ewes,
lambs, rams) but also of a “followed
we’, i.e., with its lambs, its renewal and
the share of associated ram. Indeed, the
data most easily accessible in farm sur-
veys are the overall number of breed-
ing ewes, the replacement rate and ewe
productivity (number of live lambs per

Heifer > 30 months
24-36 months

30 months old heifer
24-30 months

Heifer < 24 months
12-24 months

a 104.31 117.34 117.83

b 4.04 4.13 3.62

For rearing periods, refer to the coefficients for rearing heifers calving at 24 months, 30 months and
36 months for beef heifers under 24 months, 30 months and 36 months, respectively.

50% more than a cow for suckler and

(Réseaux d'élevage, 2005; Drennan and
McGee, 2009; Taylor et al. 2018).

As with heifers, the live weight of
males can be expressed as the live
weight of the adult male ( ) in
all energy requirement equations. The
weight of the adult male is not avail-
able on the farms, as males are gener-
ally sold before they reach adulthood.
We can estimate this weight relative
to that of cows, considering that an
adult bovine male weighs 40 and
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dairy breeds, respectively. We obtain
Equation (6) of the NEt requirement of
a male, expressed only as a function of
the weight of the adult male:

(6) NEt_Male (MJ/year) =
a x LWm®”> + b x LWm™"%7

where aand b are coefficients depend-
ing on the type of male produced and
the period of life ( ), and LWm is
the live weight of the adult male in kg.

ewe per year).

Ewe productivity is a determinant
variable of the overall technical and
economic performance of farms and
is most often monitored in surveys
(Benoit et al., 2019); therefore, it is usu-
ally available or estimable. Ewe produc-
tivity is calculated as follows (Benoit
etal., 2020):

(7) Ewe Productivity (EP) =
LR x Prol x (1 - LbsMortality)
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Liveweight targets for dairy and suckler males as a percentage of adult male weight at different typical ages accord-
ing to the type of male produced.

Typical ages 3 12 20 24 30 36 44
yp 9 months | months | months | months | months | months | months | months
Store (weanling,
Males breeding stock) 14 30 41 - 60 72 83 100
(suckler
breeds) |- aiened bulls 14 33 48 80 ; ; ; ;
Steers < 30 months 62 73 83 95
13 30 40 -
Steers > 30 months 65 80 - -
. 3 12 24 30 36
Typical ages months | months | months months | months | months
Veal for slaughter 14 25 :()’g ) ) ) ) )
< 8 months
Males months)
(dairy
breed and | Store
crossbred) | (breeding stock) 15 25 40 60 72 83 100
Fattened bulls
< 24 months 16 27 50 82 - - - -
Steers 13 23 36 - 54 - 76 90

Values of coefficients a and b for calculating the total net energy requirement of a male, depending on its type and

length of life.
. . 0-3 3-8 8-12 12-24 24-30 24-36 36-44
Perlods of life months months months months months months months
Store (weanlings a 28.24 67.39 87.78 - 113.93 137.09
breeding stock) b 0.73 147 1.05 - 168 227
Males Fattened bulls a 0 29.67 68.56 96.63 } ) )
(I:r‘:;'g:)' < 24 months bl 0 0.93 228 3.47 - ; ;
a 24.16 58.03 76.96 94.96 105.84 116.85
Steers > 30 months
b 0.88 1.50 1.42 1.75 1.77 1.74
a 24.16 58.03 78.65 100.19 - -
Steers < 30 months
b 0.88 1.50 1.67 2.60 - -
Periods of life 0-3 3-6 6-12 12-24 24-36 36-44
months months months months months months
Veal for slaughter a 11.55 19.81 26.68 - - -
< 8 months b| 030 0.65 0.95 ; ; -
Males Store a 12.01 40.39 63.07 87.13 113.93 137.09
(dairy .
breed and | (Preeding stock) b| 035 119 1.24 1.10 168 227
crossbred)
Fattened bulls a 12.46 42.64 66.01 98.89 - -
< 24 months b| 041 1.39 225 3.55 - ;
a 9.45 32.48 51.04 70.06 92.31 110.89
Steers
b 0.61 1.26 1.13 1.04 1.71 1.95
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where LR is the average annual lamb-
ing rate of the flock (number of lambs
per ewe per year), Prol is the average
annual prolificacy of the flock (num-
ber of lambs born per lambing) and
LbsMortality is the percentage of dead
lambs among lambs born. Including
the EP variable in our equations will
therefore mean that the LbsMortality
variable is also taken into account.

Litter weight at birth is a factor in ewe
lactation requirements. This weight is
dependent on the weight of the ewe
and the prolificacy. According to Thériez
(1991), we integrate in our model a rela-
tionship between the weight of the ewe
and the weight of a single born lamb
(Equation (a)), a relationship between
the weight of a double born lamb and
a single born lamb (Equation (b)), and
finally, a relationship between the
weight of a double born lamb and a
triple born lamb (Equation (c)):

(@) LW1=0.00559 x LWb + 1.0377

(b) LW2 =LW1 x
(1.7642 — 4367 x LW1 x LWb®7 )

(c) LW3 =0.846 x LW2

where LWDb is the weight of the ewe
and LW1, LW2, and LW3 are the birth
weights of single, double and triple
lambs, respectively.

Equations (d), (e) and (f), established
on a large database of lambing data
(with prolificacies varying from 110 to
230%), give the proportions of single,
double and triple lambs born accord-
ing to the prolificacy level of the dam.
Considering that the mortality of double
and triple lambs is increased by 50 and
150%, respectively, compared to that of
single lambs, we can finally estimate
the average weight of lambs born. The
latter allows us to calculate the ewe’s
milk production for the growth of her
lambs, from birth to weaning (via the
variable “Prol’, Equation (8)), according
to the equivalence of five litres of milk
for one kg of weight gain (IPPC, 2019).
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(d) % single_born_lambs =
0.003 x Prol? - 1.7147 x Prol + 241.2

(e) % double_born_lambs =
—-0.0057 x Prol>+ 2.2979
X Prol - 172.8

(f) % lambs_born_triple =
100 - (d) - (e)

To calculate the LU value of the flock,
we propose, for sheep and goats, to
consider all females from one year of
age as constituting the flock of repro-
ductive females. Indeed, theoretically,
it would be necessary to distinguish
ewe lambs (or goat kids, for goats)
between one year and the age of their
lambing, with specific LU coefficients.
However, there is generally no individ-
ual monitoring of animals that would
allow this, but above all, the net energy
requirements of a pregnant ewe lamb
added to its growth needs are globally
little different from those of an ewe
(with gestation, lactation and drying
off phases). The “ewe lamb” category is
therefore considered for the calculation
of its LU value from weaning to one year
of age. This value is then integrated with
the“followed ewe”. The approach will be
identical for goats.

We propose Equation (8) for the cal-
culation of the annual energy require-
ment of ewe and her lambs until
weaning, Equation (9) for all her lambs,
from weaning to sale or at one year for
replacement ewe lambs, and Equation
(10) for the ram:

(8) NEt _Ewe (MJ/year) =
LW07> x 79.21 x [LR x (Prol x 0.049
+0.028) + 11 +4.92 x LW + 4.6 x LR
X QM + 23 x (WW - 4.41) X EP + 60

(9) NEt_Lamb (MJ/year) =
(LW - 23) x (DG x (0.196 x LW
+6.83) + 0.0044 x LW + 0.1464
X (LW + 23)%75 + 0.1] / DG + 10)
X (EP % (1 - %SW) -0.2) + 329

(10) NEt_Ram (MJ/yr) =
91.1 X LW%7> + 4.9 x LW + 60

where LW is the average live weight
of the animal considered (kg); for rams,
if the live weight is not known, we esti-
mate it at 1.4 times the weight of the
ewe. LR is the lambing rate (number of
lambing per ewe per year), Prol is the
prolificacy (number of lambs per lamb-
ing), QM is the quantity of milk milked
(litres) per milking ewe per year, EP is
the ewe productivity calculated accord-
ing to Equation (7), WW is the weaning
weight of the lambs (kg) and %SW is
the proportion of the lambs sold at
weaning. DG is the average daily gain
(growth, in kg/day). This last variable (Cf
Equation (9)) also allows us to account
for the lambs’ fattening mode (grass or
indoor lambs), and these two variables
are partly correlated.

The calculation of the flock’s NEt
requirement will be done by i) adding
the result of Equations (8) and (9), ii)
multiplying this result by the average
annual number of ewes in the flock, iii)
adding to this the result of Equation (10)
multiplied by the average number of
rams. Dividing the final result by 29 000
will give the LU value of the whole flock.

To propose a simplified equation for
the calculation of the ewe’s LU value
(Equation (11)), we take into account
three basic variables: i) the ewe’s live
weight, ii) the amount of milk milked
per ewe, and iii) the ewe productivity,
which combines the ewe’s lambing
rate, prolificacy and lamb mortality. The
other variables are set on the basis of
the characteristics of the pivot animal
presented in

(11) NEt_ewe (MJ/year) =
87.2 X LW%7> + 4,92 X LW + 4.37
x QM + 427.6 X EP + 60

For the simplified LU Equation (12)
concerning post-weaning lambs (pro-
duced by one ewe), we fix the variables
LW and DG (see pivot valuesin )
to keep only the variables EP (ewe pro-
ductivity) and % SW (proportion of
lambs sold at weaning and thus not
fattened on the farm).
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Variations in the LU coefficient of the milking or suckling ewe (“followed”) generated by the variation in the vari-
ables entering the calculation of the net energy requirements between the minimum and maximum values adopted.

Lambing rate

Milk yield (liters)

Prolificacy (%)

Ewe live-weight (kg)

Lambs sold at weaning (%)

Lambs selling weight (kg)

Lambs mortality (%)

Daily gain Wean.-Sale (g/day)

Grass indoor lambs (%)

Ewes (% time flock indoor)

Lowlands / hills (%)

Replacement rate (%)

Weight at weaning (kg)

Fleece weight (kg)

Daily gain birth-wean. (g/day)

Pivot value: 0.144 LU Total range
Ipivot value
0.5 15 38.0%
0.95
0 350 37.5%
100 250 33.9%
160%
45 I 30.6%
70 kg 8
100 I o 17.0%
30 & 35 N 47 & 50 (indoor & grass) 16.0%
40 & 45 kg
30 I 5 9.7%
12%
200-100 M 350-275 (indoor & grass) 9.0%
300 g-200 g
0 m 100 8.7%
50%
100 I 0 5.6%
50%
100% plain @ 100% mountain 4.7%
50%
12 W30 4.4%
20%
5 I 23 4.2%
23 kg
10045 2.6%
2.5 kg
150 M350 1.9%
250 g
-0.03 -0.01 0.01 0.03 0.05 0.07

Variation in the ewe LU coefficient
(+ its lambs, ewe lambs and 1/40 ram)

Variables ranked in descending order of impact on the pivotal LU value defined for an average animal whose characteristics are specified as the central value
of each variable (e.g., milk production of 600 litres).

(12) NEt_Lamb (MJ/year) =
365.7 X EP X (1 = %SW) + 256

We also propose an equation for the
“followed ewe’, that is a priori easy to
implement on most farms.
shows the sensitivity analysis for such
an ewe, the “pivot ewe” corresponding
to a rather productive animal. It is a
suckling ewe (no milk marketed) fol-
lowed, i.e., with her lambs until they are
sold (or one year old, for replacement
ewe lambs). Nevertheless, this equation

has the advantage of being applicable
to mixed flocks selling milk but also
fattened lambs, for example, in many
Mediterranean areas. pres-
ents a hierarchy of the variables taken
into account in the calculation of NEt
requirements according to the range of
variation of the LU value they generate.
We consider the first five variables to
construct the simplified Equation (13):
lambing rate, milk production, prolifi-
cacy, ewe live weight, % of lambs sold at
weaning. The variable “Lamb mortality”

(range 9.7%) is in fact kept via Ewe
Productivity, in association with the
variables Lambing rate and Prolificacy.
Equation (13) thus ultimately has four
parameters. The impact of the variable
Weight at weaning is limited to 4.2%
because, in this case, if there is early
weaning, the lamb’s growth require-
ment is transferred to its concentrate
and forage. However, this variable was
taken into account in Equation (8) for
the ewe alone where this compensation
effect cannot exist, knowing that there
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is also a very strong correlation between
the variables Weaning weight and %
Lambs sold at weaning for specialized
dairy systems with early weaning (light
weight of lambs) and simultaneous sale
of all lambs except replacement ewe
lambs. Equation (8) is thus well suited
to specialized dairy systems.

We thus propose Equation (13) for
the “followed ewe” (ewes plus lambs
plus rams), considering the presence
of one ram for every 40 ewes and the
live weight of the ram 40% higher than
that of the ewe:

(13) NEt_ewe (MJ/year) =
90.3 X LW°7> + 5.1 x LW + 4.37
X QM + EP x (365.1 x (1 = %SW)
+427.6)+ 317

where LW is the weight of the ewe,
QM is the quantity of milk milked, EP
is the ewe productivity and %SW is the
proportion of lambs sold at weaning.

To obtain the LU value of the flock,
the NEt_ewe value (Equation (13)) must
be divided by 29 000 and multiplied by
the yearly average number of ewes in
the flock.

Although we have proposed a global
equation including lambs fattened
on-farm, we propose the elements
below for situations where lambs would

be purchased to be fattened on-farm.
The calculation of their LU value
accounts for the maintenance, activity
and growth requirements (Equations
10.3, 10.5 and 10.7, respectively, IPCC,
2019). Equation (14) proposes the calcu-
lation of the NEt requirement of a lamb
over its wean-to-sale period.

(14) NEt_Lamb (MJ/head) =
(SW -WW) x (0.5 x (0.393 x
DG + 0.0138) x (SW + WW) + 0.1403
X (SW + WW)%75 + 2.775 x DG)/DG

where SW is sale weight, WW is wean-
ing (or purchase) weight, and DG is
average daily weight gain (kg/d).

We propose some figures for standard
types of lambs. They are contrasted in
terms of weight and fattening methods
( ). As the duration of presence of
these lambs is generally less than one
year, we also calculate the LU coefficient
on the basis of a 365-day presence.

m 2.3 Goats

Following the same approach as for
sheep, we prioritize the variables taken
into account in the calculation of goat
net energy requirements ( ). As
kids are usually fattened in a separate
enterprise, we isolate the calculation
of the kid’s LU after weaning from that
of its dam, accounting for the wean-

Characteristics and LU coefficients of four types of fattened lambs.

ing-sale period. The LU value of the
replacement goat kids is integrated
into the LU value of the goats. Three
variables cause the pivotal value to
vary by more than 10% when they vary
between the minimum and maximum
values used ( ).

We integrate these three variables
into the equation for calculating the
NEt (MJ/year) for goats:

(15) NEt_Goat (MJ/year) =
(115.0 + 12.23 X LR)

x LWO7 + (3.0 x QM + 234)
X LR+ 4.6 X LW + 431

where LR is the kidding rate (num-
ber of kids per goat per year), LW is the
average goat live weight and QM is the
amount of milk produced per goat per
year (including milk drunk by kids).

Note that this equation is also well
adapted for long lactation herds
(beyond one year or even two years)
by always considering the annual milk
production of the herd per goat (the
LU concept being based on a one-year
campaign); the kidding rate can then be
reduced to 0.3 or 0.4 at the herd level.
As LR is the variable that induces the
least variability in the calculation and
its range of variation is a priori low, we
set it at 0.95 to propose the simplified
Equation (16):

Characteristics of the lambs

Indoor fattening

On-grass fattening

Live weight for sale (kg) 33 40 40 48
Average daily gain (g.d™") 350 350 225 225
Live weight at weaning (kg) 23 23 23 23
Age at sale (days) 104 124 151 186
Net Energy Requirement (MJ) 222 416 514 831
Livestock unit value over the period 0.008 0.014 0.018 0.029
Annual livestock unit coefficient 0.098 0.108 0.086 0.094
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Variations in the LU coefficient of the goat, generated by the variation of the variables entering the calculation of
the net energy requirements between the minimum and maximum values retained.

Milk yield (liters)

Goat live weight (kg)

Lambing rate 0.5

Replacement rate (%)
Weaning weight (kg)
Prolificacy (%)

Fleece weight (kg)

Lowlands/Hills

—-0.06 —0.05 -0.04 —0.03 —0.02 —0.01 0.00

0.01

Pivot value: 0.195 UGB Total range
Ipivot value
100 I 1 000 45.4%
600 L
35 I e 75 32.4%
65 kg
I 1.0
0.95 20.5%
12 I 35% 8.0%
22%
5 IR 25 kg 6.3%
15 kg
100 IR 210 5.1%
160%
0 N 5kg 0.8%
pllm 0.6%

0.02 0.03 0.04

Variation in the goat LU coefficient (+ kid goats + 1/40 billy goat)

Variables ranked in descending order of impact on the pivotal LU value defined for an average animal whose characteristics are specified as the central value

of each variable (e.g., milk production of 600 litres).

(16) NEt_Goat (MJ/year) =
126.6 X LW + 4.6 x LW
+2.85 X QM + 653

For a billy goat, the proposed equa-
tion is of the same type as that used for
rams, i.e.

(17) NEt_BillyG (MJ/year) =
115.0 x LW°7> + 4.6 x LW

where LW is the weight of the billy goat.

As for sheep, we propose a simplified
global Equation (18) for a “followed
goat” (goats, replacement, and billy
goat) considering that the weight of
billy goats is 40% higher than that of
goats and that there is one billy goat
present for 40 goats. The energy require-
ment of any fattened kids is additional.

(18) NEt_Goat (MJ/year) =
130.3 X LW°7> + 4,75 x LW
+2.85x QM + 653

where LW is the average weight of
the goat and QM is the amount of milk
produced per goat per year.

To obtain the herd’s LU value, the
NEt_Goat value (Equation (18)) must
be divided by 29 000 and multiplied by
the average number of goats over one
year old in the herd.

As for other animals, the LU value of
kids takes into account activity, main-
tenance and growth requirements
(Equations 10.3, 10.5 and 10.7, respec-
tively, IPCC, 2019). The calculation
parameters concern the weaning and
end of fattening period weights of the
animal and its average growth rate.
We take the situation of an indoor fat-
tening. The equation for the total net
energy requirement of the kid during
its post-weaning rearing period is as
follows:

(19) NEt_kid (MJ/head) =
(LW -WW) x [0.5 x (0.33 x DG
+0.0067) x (LW + WW) + 0.1873
X (LW + WW)%7> + 5 x DG] / DG

where WW is the starting live weight
(usually weaning weight), LW is the
sale weight and DG is the average daily
weight gain (kg/d).

For a quicker calculation for typical
situations, we present ( ) the net
energy requirements of the animals for
the weaning-to-sale period (or one year),
as well as the LU values, by varying the
age and weights at weaning and sale.

3. Discussion

H 3.1. The concept
of the Livestock Unit

The evolution over the years of the
definitions and uses of the LU concept
makes its use hazardous for studies of
the performance of livestock systems,
particularly in view of the challenges of
optimizing the resources used by the
animals and for the purposes of compar-
ing the “weight” of livestock in produc-
tion systems. By returning to the initial
concept of the LU, which linked it to the
energy requirements of the animals, we
propose an objective and measurable
unit for all types of ruminant animals.
The proposed equations take into
account the main variables determining
the net energy requirement of animals,

INRAE Productions Animales, 2021, numéro 2
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Characteristics and LU coefficients of seven types of fattened kids differing in age at weaning and duration of

fattening period.

Duration of the period (days) 25 49 76 55 36 55 319
Age at end of period (days) 27 51 78 80 82 101 365
Live weight end of period (kg) 11 17.5 25 25 25 25 50
Average daily gain (g.d) 275 180 110
Age at weaning (days) 2 2 2 25 46 46 46
Live weight at weaning (kg) 4 4 4 10 15 15 15
Net Energy Requirement (MJ) 90 21 392 315 229 289 1989
Livestock unit value over the period 0.003 0.007 0.014 0.011 0.008 0.010 0.069
Annual livestock unit coefficient 0.044 0.054 0.065 0.073 0.079 0.065 0.078

including weight and production level.
These parameters vary from one farm
to another but are readily available and
can lead to LU values varying by a factor
of two for two animals of the same cat-
egory; for example, until now, all dairy
cows counted as 1 LU, whereas with our
proposal, a 500 kg dairy cow producing
3 000 L of milk per year would count
as 0.90 LU compared to 1.87 LU for a
780 kg cow producing 10 000 L of milk.
We retain the notion of one reference
animal for one LU, with an overall net
annual energy requirement of 29 000
MJ. This proposal, established initially
for ruminant farms, could be extended
to farms with other types of herbivores
and to monogastric animals.

This new definition of the livestock
unit makes it possible to address
questions relating to the use of total
feed resources (fodder, concentrates,
coproducts) used to meet the energy
requirements of the animals, which is
consistent with the evolution of the
ruminant diet, which often includes a
significant proportion of concentrates.
However, the annual dry matter intake
of animals could be estimated. The IPCC
proposes three equations (10.14, 10.15
and 10.16) to estimate the gross energy
requirements of animals from the net
energy requirements and the estimated

INRAE Productions Animales, 2021, numéro 2

digestibility of the gross energy of the
ration. Dry matter intake can then be
obtained by dividing the gross energy
requirement by the gross energy con-
tent of the ration. This method allows
very large-scale estimates to be made for
national inventories of animal intake of
fodder. However, the estimates of ration
digestibility are too coarse, and they do
not take into account the interactions
between the feeds making up the ration,
so they cannot be used at the farm level.

The use of the IPCC reference system
makes it possible to i) take into account
the specificity of animal management,
which has repercussions on energy
requirements and therefore on the
resources mobilized (even if we cannot
go as far as to evaluate them); ii) make
the equations general and applicable
on a global scale; iii) make them rela-
tively easy to implement by isolating
the variables that determine the result,
which are available on the farm.

W 3.2 Choice of key variables
in the proposed equations

The variables of live weight and animal
productivity (milk, prolificacy, growth
rate) are among the most important
determinants of the animals’ net energy
requirements (INRA, 2018) and therefore

of their LU coefficients. We confirmed
their importance after the analysis of
the impact of the potential variation of
each variable, taken individually, on the
variation in LU coefficients. It would have
been theoretically necessary to cross-
check the variability of some variables
because they are not all independent of
each other. For example, the weight of
Holstein dairy cows may be positively
correlated with milk production (Berry
etal, 2007), while increasing the weight
of suckler cows may have a negative
impact on cow productivity and calf
weight (Farrell et al., 2021). For sheep,
we considered some correlations, such
as theimpact of lamb birth mode (single,
double) and dam weight on lamb birth
weight, and thus expected weight gain
before sale. However, other links exist:
for sheep, the mortality rate of lambs is
partly linked to the level of prolificacy,
and the growth rate of lambs is also
partly linked to the method of fatten-
ing in buildings, i.e., with concentrates,
or on grass, on more or less productive
surfaces; the weight at weaning and
the share of lambs sold at weaning are
highly correlated with, in specialized
dairy sheep farming, lambs weaned very
young to be fattened off the farm.

The variables that we have retained
in our proposed equations, in particular
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the weight of the animal and its level
of production, appear on the one hand
to be determining factors in the LU
value and, on the other hand, their val-
ues can be approximated without too
much difficulty. A more precise sensi-
tivity study, taking into account all the
links between variables, would be diffi-
cult to implement and would come up
against the availability of data and the
multiplicity of situations encountered
(e.g., linking the level of growth of the
animals with the proportion and char-
acteristics of the grass grazed, which
changes over time).

Furthermore, the sensitivity analysis
was carried out on the basis of ranges
of variation of zootechnical parame-
ters rather specific to OECD countries,
i.e., not covering certain more extreme
situations in terms of, for example, the
size or production level of animals with
different genotypes. The proposed
equations would not necessarily be

challenged, but their range of validity
must be restricted to the tested ranges
of variation, and some additional com-
ponents of net energy requirements
could be taken into account (e.g., the
work done by draught animals).

H 3.3. The new LU
values calculated

The proposed LU values for the dif-
ferent animal categories studied are
sometimes quite far from historical
values, especially for dairy cattle since
their level of milk production, which has
a strong impact, has a potentially large
range of variation. The deviations from
historical values are smaller for suckler
cattle but higher for suckler sheep.

We propose to compare the results
of different methods for calculating
LU coefficients for dairy cattle on
the one hand and sheep for meat
on the other. The values from four

methods are compared: i) historical
method (M,); ii) method based on
the full IPCC equations (IPCC, 2019)
(M, s i) “complete” method Mcand
iv)“simplified” method Msrboth based
on the equations proposed in Part 2
of this article to judge the adaptation
of the two proposed methods to a
wide range of contexts, we use very
contrasting farming systems (produc-
tion level and animal size) for each of
the two types of production studied
( ). These systems are
taken from the French farm-types
proposed by the Institut de I'Elevage
(IDELE-bovins-lait, 2021, IDELE-Ovins,
2021).

The LU coefficient of the dairy cows
calculated according to M (Equation
(1) or MS(Equation (2)) is very close to
that of M pcer with a maximum differ-
ence of 3% between M, .and M for the
Normand farm-type, linked to the milk

fat content of the Normand breed and

Main characteristics of three contrasting French dairy cattle systems in terms of breed and weight of cows, pro-
duction level, access to pasture, age at first calving and type of males sold.

corame | s | 0 MG | e | g | ufEi e
Specialized milk | Holstein 680 9 950 40.0 0 28 6 g:l,"segl d
m’:n:affj;rs Normande 720 6 000 42.0 45 29 gy ers
’r‘;ldgijnnetarir;:”;);gtﬂfe Tarine 545 4185 35.6 3in rr?biaqg:adgggtures 36 8 ggyl/\;ecs)ld

Main characteristics of four contrasting French meat sheep systems in terms of ewe weight, ewe productivity and
rearing method and characteristics of lambs sold.

Name of case | weight | RePIac. | Lambing | Prolt. | S | Ewe | (ot | gqiy | Saleat | (o
(kg) (%) (kg) | W-Sales (%)
Case 1| Prolific, plain 70 18 1.07 208 16 1.87 33.7 27549 0 100
Case 2| West. Semi-ext. 85 20 0.96 172 15 1.40 37.0 21049 0 46
Case 3| Pastor., Pre-Alps 50 19 0.78 117 12 0.80 35.0 709 46% 0
Case 4 | Mountain, grass 70 20 0.95 156 9 1.35 32.5 2709 0 100

INRAE Productions Animales, 2021, numéro 2



156e/MARC BENOIT, PATRICK VEYSSET

Figure 4. Deviation of the LU values of dairy cows (a), breeding heifers (b) and the
whole herd (c) for the three types of dairy farms described in Table 11, calculated
according to the historical, complete and simplified methods, in relation to a base
100 corresponding to the calculation of LUs according to the IPCC equations.

to the duration of grazing not taken
into account in M.. The significant dif-
ference with the historical value of 1 LU

is explained by taking into account the

a .
120 Dairy cows level of milk production. Logically, the
difference is greatest in the case of the

|1P O%Ci specialized herd producing 9 950 litres/
cow/year (+44%) and smallest for the

80— alpine milk system at 4 185 litres/cow/
year (+7%). The proposed method for

60— calculating LU coefficients for breed-
ing heifers provides results very close

40 to M, (no more than 3% difference),
but the values are lower than historical

20 coefficients (Figure 4b). For systems
with a relatively heavy breed (Holstein

0 or Normande) and with an age at first
calving of less than 30 months, the dif-

Specialised milk Milk + steers Mountain pasture

ference in the LU value of the breeding
heifers is -8% on average between
b M, and the historical coefficients. On
140 - Heifers the other hand, for a smaller cow size
(and therefore smaller heifers) and a
120 calving age of primiparous cows at
'II%((:)C 36 months (and therefore a lower daily
growth from birth to calving), the dif-
80 — ference is —-43% for the Tarine breed
alpine system. It should be noted that
60 - for 33-month-old Normand steers, the
404 LU coefficients obtained by M. and
M_ are very close (less than 3% differ-
20 - ence) but 19% lower than historical
values (same reasons as for heifers). In
0 o . i ) the end, the numbers of total LUs of
Specialised milk Milk + steers Mountain pasture the herds calculated according to the
M_or M methods are very close to those
obtained by M, (Figure 4c) with less
¢ Herd than a 3% difference for the three dairy
120- systems studied. The difference with
IPCC the historical coefficients remains sig-
100 nificant for the most productive system
per cow (+36%) and diminishes when
80 the level of cow production approaches
the historical reference of 3 000 litres/

60 cow/year.

40—

For the meat sheep systems stud-
20— ied, the characteristics of which are
presented in Table 12, Figure 5a
0 shows that M gives a result that is on

W Historical

Specialised milk

Milk + steers
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Mountain pasture

H Complete method & Simplified method

average 26% higher than M for a
“followed ewe”, with in particular a
very high difference (51%) for Case 3

where the ewes have low weight and
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productivity. This overevaluation con-
cerns the ewes (Figure 5b), since the LU
value of the lambs is on the contrary
underevaluated on average by 21% by
M, (Figure 5¢). M s very close to Mo
with an average of 1% undervaluation
for the “followed ewe", linked to Case 3,
whose ewes are in full grazing, with
important energy needs in this context
(variable not taken into account in M)).
M_ takes well into account the needs of
the lambs. Mgives on average a result
7% higher than M,,_ for the “followed
ewe’, with less precise results than
M_for the lambs (amplitude from -12
to +26% compared to M, according to
the four systems, vs. -3 to +6% only for
M), the needs of the ewes being well
approached.

Furthermore, for dairy ewes, the
average values derived from M and
M _remain of the same order as with M,..
For example, for a 70 kg ewe producing
280 kg of milk per year, with her lambs
weaned at 10 kg, the LU coefficient (MC)
is 0.17, comparable to that calculated
by the Institut de I’Elevage (France) for
ewes of the same type (Idele, 2014a).
Similarly, in goat production, the orders
of magnitude correspond to the usual
standards for relatively productive pro-
duction systems (963 litres of milk per
goat in France in 2019, Idele, 2020b).

For suckler cattle, considering the
weight of the animals is a fundamental
element in refining the calculation of
the LU value of the herds and the indi-
cators used, which may lead to ques-
tioning certain conclusions established
on the basis of historical LU coefficients.
For example, Veysset et al. (2014) pub-
lished a study on the long-term evolu-
tion of the performance of beef farms.
Using the sample data used, over the
period 1991-2016 (26 years), we cal-
culated the average weight of all cull
cows marketed (n = 29 626, for 2 143
farm-years, with a maximum number
of 95 farms in 1991). This increased by
15.2% between 1991-1992 and 2015-
2016 (678 and 781 kg live/head, respec-
tively). This weight gain translates into

Figure 5. Deviation for 4 types of sheep farming described in Table 12 of the LU
values of the “followed” ewe (+ lambs and ram) (a), single ewe (b), lambs (c), calcu-
lated according to the historical, complete and simplified methods, compared to a
base 100 corresponding to the calculation of LU according to the IPCC equations.

a
160

150
140 —
130 —
120

110 —
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Followed ewe (+ lambs and ram)
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80 —
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Case 4
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80 |
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=
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80 —

60

40 |

20 —

? .
-
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Note that the LU value of the lamb

Case 2 Case 3 Case 4

B Complete method [ Simplified method
s for the historical method is evaluated on the basis of an LU coefficient

of 0.05 for an attendance time of 130 days (including the preweaning period).
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an 8.4% increase in the LU value of
cows, which represent 50 to 60% of the
herd’s LUs depending on the system. As
a result, the stocking rate (number of
total livestock units in the herd per ha of
forage area), which, with the historical
method of calculating livestock units,
was announced as decreasing by 6.5%
over the period studied, would increase
with the proposed new calculation
method. Furthermore, while the analy-
sis concluded that meat production per
LU, the result of technical and genetic
progress, would increase by 8.0%, it
could be stable or even decrease if the
new method of calculating LUs, which
takes into account the increase in cow
weight, is used.

Conclusion

Quantifying the size of herds, which is
used in various types of work, requires
the definition of an animal unit to make
comparisons between farms, regions or
countries, and over time. The historical
approach to the concept of LU proposes
very simple and standardized equiva-
lences by species and by major types
of animals; this approach is still suitable
for large-scale statistical purposes, but
it appears too crude for technical and
economic studies at the sub-level, par-
ticularly at the farm level.

The use of the concept of net energy
requirements of animals is transverse to
livestock species and for different types
of production. It thus makes it possible
to study livestock systems that vary in
terms of technical functioning, animal

Références

Assouma M.H., Lecomte P, Hiernaux P, Ickowicz A.,
Corniaux C., Decruyenaere V., Diarra A.R., Vayssiéres
J.,2018. How to better account for livestock diversity
and fodder seasonality in assessing the fodder intake
of livestock grazing semi-arid sub-Saharan Africa
rangelands. Livest. Sci., 216, 16-23. https://doi.
0rg/10.1016/j.livsci.2018.07.002

Benoit M., Sabatier R., Lasseur J., Creighton P, Dumont
B., 2019. Optimising economic and environmental
performances of sheep-meat farms does not

INRAE Productions Animales, 2021, numéro 2

production levels and the genotypes
used. We therefore propose to use this
concept of net energy requirements as
the basis for calculating LUs, using the
equations published by the IPCC. For
very fine approaches, itis possible to sys-
tematically use these equations if all the
necessary parameters are available. This
method makes it possible to consider all
energy requirements, including those
related to animal work, and even other
regional specificities, such as the type of
grazing. In this paper, we propose two
intermediate methods between the
full application of these IPCC equations
and the very standardized historical
method. These two methods take into
account, among other things, the two
variables that explain the most import-
ant part of the potential differences in
animal needs, namely, their weight and
their production level. The first of the
two methods attempts to approximate
the IPCC equations as closely as possi-
ble but, following a sensitivity analysis,
leaves out certain parameters that have
little impact and are not easy to monitor
properly on most farms. We propose a
second“simplified” method, taking into
account only the most important and
easily accessible parameters. Compared
to the historical approach, these two
methods allow a better discrimination
of the influence of the format and the
level of production on the animal stock-
ing rate while remaining applicable to
large scales (pool of several hundred
farms, territories, etc.).

For many applications and research
work in particular, the use of one or
the other of these two methods should

fully fit with the meat industry demands. Agron.
Sustain. Dev., 39, pp.40. https://doi.org/10.1007/
$13593-019-0588-9

Berry D.P, Buckley F., Dillon P, 2007. Body condi-
tion score and live-weight effects on milk pro-
duction in Irish Holstein-Friesian dairy cows.
Animal, 1, 1351-1359. https://doi.org/10.1017/
$1751731107000419

BlaxterK.L., 1989. Energy metabolism in animals and
man. Cambridge University Press, 305p.

make it possible to better translate the
differences in animal stocking rate in
relation to the feed requirements of
the animals, particularly in compar-
ative studies between farms or dia-
chronically. Even if our proposal does
not directly address the question of the
resources needed to raise a type of ani-
mal and for its production, from a qual-
itative and quantitative point of view, it
does address the question of the level
of needs to be met by bringing them
closer to the farm’s production capacity
of plant resources for its herds.

This article aims to provide elements
for thought and a concrete proposal for
new equations adapted to studies on
the evaluation of ruminant farming sys-
tems. Given the important issues raised,
this contribution should be discussed
within a consortium of researchers and
users to strengthen or even complete
these proposals. It would also be neces-
sary to pursue this approach for mono-
gastric species, which are unfortunately
not currently taken into account by the
IPCC.

B Acknowledgements

This methodological proposal is the
result of the European project MIX-
ENABLE, which benefited from the finan-
cial support of the participating states
(including France) and the European
Commission, through the H2020 ERA-
NET CORE Organic Cofund programme.
We would like to thank Jacques Agabriel
for his attentive and wise reading, as
well as the reviewers of the INRAE
Productions Animales journal.

Boichard J., 1969. Gestion agricole et géographie
rurale. Revue de géographie de Lyon 44, 323-374.
https://doi.org/10.3406/geoca.1969.2647

Cavailhes J., Bonnemaire J., Raichon C., Delamarche F.,
1987. Caracteres regionaux de |'histoire de l'elevage
en France. 1-Méthodographie et résultats statistiques
1938-1980., 636p.

Coléou J., 1960. Les références concernant le ration-
nement des animaux. Le bilan fourrager. Econ. Rurale,
43, 33-54. https://doi.org/10.3406/ecoru.1960.1690



https://doi.org/10.1016/j.livsci.2018.07.002
https://doi.org/10.1016/j.livsci.2018.07.002
https://doi.org/10.1007/s13593-019-0588-9
https://doi.org/10.1007/s13593-019-0588-9
https://doi.org/10.1017/S1751731107000419
https://doi.org/10.1017/S1751731107000419
https://doi.org/10.3406/geoca.1969.2647
https://doi.org/10.3406/ecoru.1960.1690

Livestock unit calculation: a method based on energy requirements to refine the study of livestock farming systems /159e

Demarquilly C., Faverdin P, Geay Y., Vérité R., Vermorel
M., 1996. Bases rationnelles de I'alimentation des
ruminants. INRA Prod. Anim., 71.80. https://doi.
0rg/10.20870/productions-animales.1996.9.HS.4089

Drennan M.J., McGee M., 2009. Performance of
spring-calving beef suckler cows and their progeny
to slaughter on intensive and extensive grassland
management systems. Livest. Sci., 120, 1-12. https://
doi.org/10.1016/j.livsci.2008.04.013

EUROSTAT, 2019. Unités Gros Bétail (UGB).
Coefficients. Statistics Explained. https://ec.eu-
ropa.eu/eurostat/statistics-explained/index.
php?title=Glossary:Livestock unit (LSU)

Farrell L.J., Morris S.T., Kenyon PR., Tozer PR., 2021.
Simulating Beef Cattle Herd Productivity with Varying
Cow Liveweight and Fixed Feed Supply. Agriculture
11, 35. https://doi.org/10.3390/agriculture 11010035

IDEA, 2019. Table de conversion des UGB alimentaires
annuelles pour le calcul de l'indicateur A 10. https://
idea.chlorofil.fr/utilisation/outils-dapplication.html

IDELE-bovins-lait, 2021. http://idele.fr/no_cache/
recherche/publication/idelesolr/recommends/cas-
types-hovins-lait.html. Consulté le 6 juillet 2021.

IDELE-Ovins, 2021. http://idele.fr/no_cache/
recherche/publication/idelesolr/recommends/cas-
types-ovins-allaitants.html. Consulté le 6 juillet 2021.

Idele, 2010. Engraisser des bovins en Rhdne-Alpes,
itinéraires techniques types. Institut de I'Elevage,
Réseaux d‘élevage, Chambres d’Agriculture Rhone-
Alpes PACA, Paris, 29p.

Idele, 2014a. Alimentation des ovins: rations
moyennes et niveaux d'autonomie alimentaires.
Collection résultats, 54p.

Idele, 2014b. Guide de I'alimentation du troupeau
bovin allaitant. Vaches, veaux et génisses de renou-
vellement. Collection les Incontournables. Institut de
I'Elevage, Paris, France, 340p.

Idele, 2019. Systémes bovins laitiers des zones de
montagnes et piémonts d’Auvergne et de Lozere —
conjoncture 2019. 142p.

Idele, 2020a. Les chiffres clés du GEB, bovins 2019,
productions lait et viande. Institut de I'Elevage et CNE,
Paris, France, 12p.

Idele, 2020b. Résultats de controle laitier — Espece
caprine — France 2019. France conseil élevage, col-
lection résultats, 34p.

Idele, 2020c. Résultats de contrdle laitier, espéce
bgvine, France 2019. Collection Résultats, Institut de
I'Elevage, Paris, France, 115p.

Abstract

Idele, 2020d. Résultats du contrdle des performances
bovins aIIaitgnts, France 2019. Collection Résultats,
Institut de I'Elevage, Paris, France, 128p.

Iger-Centres-de-Gestion, 1989. Le mot juste. 250
termes et expressions pour analyser les résultats de
gestion des exploitations d'élevage. 168p.

INRA, 2018. Alimentation des ruminants. Editions
Quae, Paris, France, 728p.

IPCC, 2019. 2019 Refinement to the 2006 IPCC
Guidelines for National Greenhouse Gas Inventories.
Chapter 10. Emissions From Livestock And Manure
Management. 209p.

Jahnke H.E.,1982. Livestock production systems
and livestock development in Tropical Africa. Kieler
Wisserschaftverlag Vauk, Germany, 273p.

Lampert V.N., Canozzi M.E.A., McManus C.M., Dill
M.D., de Oliveira T.E., Mercio T.Z., Teixeira 0.S.,
Barcellos J.0.J., 2020. Modelling beef cattle produc-
tion systems from the Pampas in Brazil to assess
intensification options. Sci. Agric., 77, 13p. https://
doi.org/10.1590/1678-992x-2018-0263

McLaren C., 1997. Dry Sheep Equivalents for compa-
ring different classes of livestock. Information notes.
Department of Primary industries., https://www.
researchgate.net/publication/242130820 Dry
Sheep Equivalents for Comparing Different
Classes_of Livestock.

Murphy B., Crosson P., Kelly A.K., Prendiville
R., 2018. Performance, profitability and green-
house gas emissions of alternative finishing
strategies for Holstein-Friesian bulls and steers.
Animal, 12, 2391-2400. https://doi.org/10.1017/
$1751731118000034

Office de I'élevage, 2008. Production de jeunes bovins
de races a viande et de races laitiere, 13 fiches de
références sur les itinéraires techniques. Institut de
'Elevage, Chambres d'Agriculture Pays de la Loire et
Bretagne, Arvelis Institut du Végétal, Paris, France,
37p.

Ortigues 1., 1991. Adaptation du métabolisme
énergétique des ruminants a la sous-alimentation.
Quantification au niveau de I'animal entier et de
tissus corporel. Reprod. Nutr. Dev., EDP Sciences, 31,
593-616.

Pesonen M., Honkavaaea M., Huuskonen A., 2013.
Production, carcass and meat quality traits of
Hereford, Charolais and HerefordxCharolais bulls
offered grass silage-grain-based rations and slaugh-
tered at high carcass weights. Acta Agricult. Scand.,
Section A 63, 28-38. https://doi.org/10.1080/09064
702.2013.777091

Pravia M.I., Ravagnolo 0., Urioste J.I., Garrick D.J.,
2014. Identification of breeding objectives using a
bioeconomic model for a beef cattle production sys-
tem in Uruguay. Livest. Sci., 160, 21-28. https://doi.
0rg/10.1016/j.livsci.2013.12.006

Réseaux d’élevage, 2005. Produire des beeufs dans
I'Est, 7 itinéraires techniques. Institut de |'Elevage,
Chambres Régionales d'Agriculture d'Alsace, de
Lorraine et de Champagne-Ardenne, 18p.

Rothman-Ostrow P, Gilbert W., Rushton J., 2020.
Tropical Livestock Units: Re-evaluating a Methodology.
Front Vet. Sci., 7, 556788.

Scarnecchia D.,1985. The Animal-Unit and Animal-
Unit-Equivalent Concepts in Range Science.
J. Range Manage., 38, 346-349. https://doi.

0rg/10.2307/3899419

Scarnecchia D., Kothmann M., 1982. A dynamic
approach to grazing management terminology.
J. Range Manage., 35, 262-264. https://doi.

0rg/10.2307/3898407

Sepchat B., Dhour P, Agabriel J., 2017. Production
laitiere des vaches allaitantes: caractérisa-
tion et étude des principaux facteurs de varia-
tion. In: Elevage bovin allaitant. Agabriel J.,
Renand G., Baumont R. (Eds). Dossier, INRA Prod.
Anim., 30, 139-152. https://doi.org/10.20870/
productions-animales.2017.30.2.2240

Taylor R.F., Crosson P, Kelly A.K., McGee M., 2018.
Benchmarking technical and economic performance
of beef cow-calf to finishing production systems in
Ireland. Prof. Anim. Scient., 34, 421-434.

Thériez M., 1991. Conséquences de l'augmen-
tation de la prolificité sur I'élevage des agneaux
et sur la production de viande. INRA Prod.
Anim., 4, 161-168. https://doi.org/10.20870/
productions-animales.1991.4.2.4328

Upton M., 1989. Livestock productivity assessment
and herd growth models. Agric. Syst., 29, 149-164.
https://doi.org/10.1016/0308-521X(89)90060-7

Upton M., 1993. Livetock productivity assessment
and modelling. Agric. Syst. 43, 459-472. https://doi.
0rg/10.1016/0308-521X(93)90034-Y

Veysset P., Benoit M., Laignel G., Bebin D.,
Roulenc M., Lherm M., 2014. Analyse et détermi-
nants de I'évolution des performances d'élevages
bovins et ovins allaitants en zones défavorisées
de 1990 a 2012. In: Spécificités de I'élevage de
ruminants en montagne. Grosclaude J., Thibier
M., Baumont R. (Eds). Dossier, Inra Prod.
Anim., 27. 49-63. https://doi.org/10.20870/
productions-animales.2014.27.1.3054

Originally based on the ingestion of forage by herbivores and by extension on their energy requirements, the concept of a livestock unit
(LU) is widely used, without always being precisely defined, to study livestock farming systems. However, the calculation of the LU value
of a given animal can be considered quite rough since it does not account for its size, production level, or rearing conditions on which its
energy and thus feed requirements depend. We propose an LU calculation adapted to the bovine, ovine and caprine species based on
the net energy needs of the animals using the IPCC (Intergovernmental Panel on Climate Change) equations and parameters. Due to a
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sensitivity analysis of these parameters, we confirm that the weight of the animals and their production level are determinants of their
net energy requirements. By integrating these two parameters, we propose two types of equations that differ in their level of precision
and in the availability of the required data. Based on an equivalence of 29 000 MJ for an LU represented by a 600 kg dairy cow producing
3 000 kg of milk per year with 4% fat, we kept the notion of a reference animal. The proposal allows us to account for, through the size of
the animals, their level of production and their genotype, the variability of the animals’ feed requirements. The LU coefficients calculated
in this way can differ significantly from historical coefficients and thus modify the conclusions of comparisons of farming systems between
themselves or over time.

Résumé

Calcul des Unités Gros Bétails : proposition d’'une méthode basée sur les besoins énergétiques pour affiner
I'étude des systémes d’élevage

Originellement basé sur I'ingestion de fourrages par les herbivores et par extension sur leurs besoins énergétiques, le concept d’Unité de Gros Bétail
(UGB) est largement utilisé, sans étre toujours précisément défini, pour décrire et évaluer les systémes d'élevage ou pour calculer des statistiques.
Cependant, le calcul de la valeur UGB d’un animal donné peut étre considéré comme trés frustre dans la mesure ot il ne tient compte ni de sa taille,
ni de son niveau de production, ni de ses conditions délevage, dont dépendent ses besoins énergétiques et donc alimentaires. Nous proposons
une méthode de calcul de I'UGB adaptée aux espéces bovines, ovines et caprines basée sur les besoins énergétiques nets des animaux, en utilisant
les équations et parametres fournis par le GIEC (« Groupe d'experts Intergouvernemental sur I’Evolution du Climat »). Grdce & une analyse de sen-
sibilité vis-a-vis des variables utilisées, nous confirmons que le poids des animaux et leur niveau de production sont déterminants de ces besoins.
En intégrant ces deux paramétres, nous proposons deux types déquations qui différent par leur niveau de précision et par la disponibilité des
données requises. Sur la base d’une équivalence de 29 000 MJ pour une UGB correspondant a une vache laitiére de 600 kg produisant 3 000 kg de
lait par an a un taux butyreux de 4 %, nous conservons la notion d’animal de référence pour une UGB. La méthode proposée permet d’approcher,
a travers la taille des animaux, leur niveau de production et leur génotype, la variabilité des besoins alimentaires des animaux. Les coefficients
UGB ainsi calculés peuvent tres significativement différer des coefficients historiques et ainsi modifier les conclusions de comparaisons de systémes
de production entre eux ou dans le temps.
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