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Abstract

German beef production is increasingly based on suckler 
cows. At present, the determination of greenhouse gas and 
air pollutant emissions from suckler cows are calculated  
using standard assumptions and IPCC default values. In this 
work, a national procedure and relevant values are derived 
from the detailed dairy cow model used in the German agri-
cultural emission inventory. In addition, herd composition 
data, data concerning animal weights, milk yields and diet 
composition were collated from literature and evaluated to 
deduce the excretion rates of volatile solids and nitrogen 
from which greenhouse gas and air pollutant emissions 
could be obtained. As a result, suckler cows of the single gen-
otypes found in Germany could be described satisfactorily.

Cow weight, milk yield and feed composition were iden-
tified as most important input parameters.

In the inventories, emissions have to be reported as time 
series. However, time series of important data needed to de-
scribe the overall German suckler cow management could 
not be established, in particular the distribution of geno-
types in the national herd. Hence, the characterisation and 
the resulting excretion rates of the “mean German suckler 
cow” rely on recent data only. Some of our findings contra-
dict the recommendations given in German standard text-
books, in particular for the milk yield of suckler cows.

Keywords: methane, volatile solids, nitrogen, excretion, suckler 
cows, model

Estimate of methane, volatile solids and  
nitrogen excretion rates of German suckler 
cows

Zusammenfassung

Schätzung der Ausscheidungsraten von 
Methan, organischer Trockensubstanz 
(“volatile solids”) und Stickstoff von 
deutschen Mutterkühen

Die Mutterkuhhaltung ist ein Wirtschaftszweig in der deut-
schen Rindfleischproduktion, der zunehmend Bedeutung ge-
winnt. Emissionen von Treibhausgasen und luftverschmutzen-
den Gasen aus der Mutterkuhhaltung wurden in Deutschland 
bisher unter Verwendung von Standard-Annahmen (IPCC „de-
fault values“) beschrieben. In der vorliegenden Arbeit wird die 
Quantifizierung der für die Emissionen wichtigen Ausschei-
dungen von Mutterkühen von dem Milchkuh-Modell abgelei-
tet, das im nationalen Emissionsinventar verwendet wird.  
Daten zur Herdenzusammensetzung wurden ausgewertet und 
Literaturdaten zu Tiergewichten und zur Milchleistung sowie 
zur Fütterung zusammengestellt, um die für die Berechnung 
der Emissionen wichtigen Ausscheidungsraten von „volatile 
solids“ und Stickstoff bestimmen zu können. 

Kuhgewicht, Milchleistung und Futterqualität wurden  
dabei als die wichtigsten Eingabeparameter identifiziert.

In den Inventaren müssen Emissionen als Zeitreihen 
berichtet werden. Für wichtige Parameter der deutschen 
Mutterkuh-Haltung insgesamt, insbesondere die Verteilung 
der Genotypen, konnten diese nicht im gewünschten Um-
fang erstellt werden. Daher beschränkt sich die Beschrei-
bung der Ausscheidungsraten der deutschen „mittleren Mut-
terkuh“ auf die Darstellung der gegenwärtigen Situation. Die 
beschriebenen Ergebnisse widersprechen teilweise den in 
den gängigen deutschen Handbüchern gemachten Empfeh-
lungen, insbesondere der Milchleistung der Mutterkühe.

Schlüsselwörter: Methan, volatile solids, Stickstoff, Ausschei-
dung, Mutterkühe, Modell
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1  Introduction

Cattle are the main source of air pollutants and greenhouse 
gases in German agriculture. In 2011, about 64 % of the 
529 Gg a-1 NH3 emitted from German agriculture originated 
from the manure management of cattle, and 92 % of agricul-
tural CH4 emissions from cattle (enteric fermentation and 
manure management). The share of suckler cows is small but 
not negligible: 6.4 % of cattle NH3 emissions and 6.7 % of  
cattle CH4 emissions are at present related to suckler cows. 
They represent about 15 % of the number of dairy cows in 
Germany (with varying shares, e.g. Bayern: 6.1 %; Branden-
burg: 37.3 %, see Lorz, 2010).

Suckler cows produce offspring without producing milk 
as commodity. As a rule, these animals are kept on marginal-
ly profitable grassland areas where the production of beef is 
coupled to landscape maintenance and preservation (e.g. 
Weiher, 1994; Bauer et al., 1997; Hochberg, 2007). With de-
creasing dairy cow numbers and decreasing numbers of 
births per dairy cow (ADR, 1993 ff), beef production with 
suckler cow herds is likely to increase to meet the demand. 
Until now, the various production processes with different 
genotypes have not been analyzed with respect to their typ-
ical emissions of greenhouse gases and air pollutants. Such 
an attempt presupposes the availability of a set of models 
describing the whole production line, i.e. suckler cows, heif-
ers for replacement and female and male beef cattle. This has 
to be performed using a consistent and coherent set of mod-
els that reflect animal performance and feed properties. 

This work aims at a description of suckler cows excretion 
and emission rates. The dairy cow model used in the German 
agricultural emission inventory is adapted to describe the 
performance and feed data of suckler cows, to enable the 
derivation of excretion rates of volatile solids (VS) and nitro-
gen (N). As production characteristics have changed with 
time, calculations aim at a time series of typical mean excre-
tion rates of German suckler cows. It is not intended to pro-
vide a spatial resolution, e.g. for German federal states.

Hence, the approach comprises the following steps:
 • Step 1: establishing the suckler cow model by adaptation 

of the original dairy cow model
 • Step 2: identification and provision of input parameters 

used to run the suckler cow model
 • Step 3: sensitivity analysis

The application of the adjusted model to describe typical 
German suckler cows then presupposes:
 • Step 4: establishing the national herd composition (share 

of different breeds)
 • Step 5: identification of relevant national performance 

data (as time series)
 • Step 6: quantification of excretion rates using national in-

put data sets
 • Step 7: discussion of representativeness and valuation of 

uncertainties

2  The suckler cow model

The suckler cow model is derived from the dairy cow model 
as described in Rösemann et al. (2013; for further details see 
Dämmgen et al., 2009, 2011) used in the German agricultural 
emission inventory model GAS-EM. It differs from the dairy 
cow model in three respects.

(1) Changes in the quantification of maintenance energy re-
quirements

For suckler cows producing beef calves (“Fleischrassen”), the 
constant ηnel, m (see Equation (1)) differs from that for dairy 
cows; energy requirements are about 20 % less than for dairy 
cows (Equation 1.4.1 in GfE, 2001; see also Steinwidder and 
Häusler, 2004):

              (1)

.0.75

unit
unitmnel,m 








⋅⋅=

w
wwnel η

       
where

nelm  mean daily net energy required for maintenance 
   (in MJ cow-1 d-1 NEL)
ηnel, m  constant 
    dairy cows:   ηnel, m, dc = 0.364 MJ kg-1 d-1 NEL
    suckler cows:  ηnel, m, sc = 0.293 MJ kg-1 d-1 NEL
wunit  unit value of animal weight (wunit = 1 kg cow -1)
w   animal weight averaged over lifetime (in kg cow -1)

(2) Changes in the calculation of suckler cows’ mean live 
weights and weight gains (see Appendix I).

(3)   The use of variable calf birth weights for the quantifica-
tion of energy requirements related to the development 
of the conception products (see Appendix II).

3  The input parameters required

The various suckler cow model sub-modules make use of an 
input data set that differs from the dairy cow model:

 • For the assessment of energy requirements and feed intake 
rates the model requires information on live weight, live 
weight gain, milk yield, milk fat and protein contents, calf 
weight and number of calves per year.

 • As the feed intake rate is also depending on the energy 
content of the diet, the energy contents of the diet con-
stituents (expressed as NEL and ME contents1 are needed 
as well. 

 • Methane (CH4 ) emissions from enteric fermentation  
depend on diet composition. Hence, the crude fibre (CF), 

1 The German valuation system of feed quality differentiates between dairy 
cows and other cattle. For dairy cows the NEL system is used (NEL: net energy 
for lactation), for other cattle the ME system (ME: metabolizable energy) is  
applied in the respective calculations. Hence, both NEL and ME intakes are 
shown in the following Tables.
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nitrogen (N) free extracts (NFE), crude protein (CP) and 
crude fat (ether extract, EE) contents of the diet have to be 
taken into account.

 • Usually methane emission rates are characterized by the 
so-called methane conversion rate (MCR), i.e. the ratio of 
the energy equivalent of the methane released to the 
gross energy (GE) intake. Hence, the GE content of the diet 
has to be known.

 • The quantification of CH4 emissions from manure manage-
ment according to IPCC (1996, 2006) presupposes the 
quantification of VS excretion rates. For their calculation 
feed ash content and digestibility of organic matter are 
needed.

 • N is excreted as organic N with faeces and as total ammo-
niacal N (TAN) with urine. In order to estimate their excre-
tion rates, information on feed dry matter intake, feed N 
content, digestibility of N in feed, overall N contents of 
both cows and the calves, milk yield and N content of milk 
protein is required.

4  Sensitivity analysis

The applicability of the model was tested in a sensitivity anal-
ysis that was based on data as provided in various German 
recommendations and textbooks (Bach, 1990; Bauer et al., 
1997; Weiß et al., 2005; KTBL, 2006; DLG, 2009; KTBL, 2010) 
and covers the respective ranges of input parameters found 
in the literature.

4.1  Default values for the sensitivity analysis
Standard properties for the calculation of energy require-
ments are:
 • mean cow weight 700 kg cow -1

 • mean weight gain 0 kg cow -1

 • birth rate  1 calf cow -1 a-1

 • calf birth weight 40 kg calf -1

 • milk yield 2,500 kg cow -1 a-1

 • milk fat content 0.040 kg kg-1

 • milk protein content 0.034 kg kg-1

 • feed quality during grazing 5.5 MJ kg-1 NEL in DM
 • duration of the grazing period 210 d a-1 with 24 h d-1

These properties are varied during the sensitivity analysis.

4.2  Output parameters
The following tables (Tables 2 to 10) list relevant input  
parameters such as feed intake as well as their variation and 
the resulting excretion rates as well as common key parame-
ters as output entities. Feed intake is usually characterized by 
energy (NEL and ME) and dry matter (DM) intake rates. CH4 is 
released from enteric fermentation (characterized by MCR) and 
from manure storage (characterized by Bo and MCF). The latter 
is governed by the excretion rates of VS. As explained above, 
emissions of N species from the manure management system, 
such as NH3, nitric oxide (NO) and nitrous oxide (N2O) originate 
from total N and TAN available in the system. The ratio of TAN 
excreted to total N excreted is used as an indicator value 2.

In Tables 2 to 10, input data for the standard suckler cow 
used in the sensitivity analyzes are written in bold figures.

The number of digits given in the tables does not reflect 
the uncertainty of the respective modelled parameter.

 
4.3  Variation of animal weights and weight gains
Maintenance energy requirements are governed by animal 
weight. Table 1 depicts the range of mean weights that can 
be found for German suckler cows (see also Table 12 below). 

The effect of the mean cow weight on mean energy re-
quirements  and excretion rates

Mean weights differ from the final weights. They depend 
on the final cow weight and the life-span of the suckler cow. 
For details see Appendix I. Table 2 expresses the mean 
weights as percentage of the final weight.

 

2 It is customary to derive TAN excretion rates from total N excretion rates  
 using this ratio. It is listed in the emission reporting guidance documents,  
 e.g. EMEP (2009), as a default value.

Table 1 
The effect of the mean cow weight on mean energy requirementsA and excretion rates

mean cow weight kg cow -1 500 600 700 800 900

NEL intake rate MJ cow -1 d-1 46.6 51.8 56.9 61.7 66.4

ME intake rate MJ cow -1 d-1 79.5 88.4 97.0 105.3 113.4

DM intake rate kg cow -1 d-1 8.5 9.4 10.3 11.2 12.1

CH4 emission (enteric) kg cow -1 a-1 97.2 105.6 113.6 121.4 128.9

MCR MJ MJ-1 0.097 0.095 0.093 0.091 0.090

VS excreted kg cow -1 a-1 937 1,043 1,144 1,242 1,337

N excreted kg cow -1 a-1 56.4 62.9 69.2 75.2 81.0

TAN excreted kg cow -1 a-1 40.9 45.3 49.5 53.4 57.2

TAN/Nexcr kg kg-1 0.725 0.720 0.715 0.711 0.706
A  The model presupposes that animals are fed according to requirements.
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Table 2 
The effect of the duration of the useful life-span on the 
mean animal weight (expressed as percentage of the cows’ 
final weight) 

life-span a 3 5 7 9

mean weight % of final weight 91.6 93.0 93.6 93.9

As shown in Table 3, weight gain requires additional energy 
(and feed) and retains more N. 

Table 3 
The effect of the mean weight gain on mean energy require-
ments and excretion rates

mean weight gain kg cow -1 a-1    0 10  20  30

NEL intake rate MJ cow -1 d-1 56.9 56.9 57.0 57.1

ME intake rate MJ cow -1 d-1 97.0 97.1 97.4 97.5

DM intake rate kg cow -1 d-1 10.3 10.4 10.4 10.4

CH4 emission (enteric) kg cow -1 a-1 113.6 113.7 113.9 114.1

MCR MJ MJ -1 0.093 0.093 0.093 0.093

VS excreted kg cow -1 a-1 1,144 1,145 1,148 1,150

N excreted kg cow -1 a-1 69.2 69.0 68.4 68.0

TAN excreted kg cow -1 a-1 49.5 49.1 47.9 47.1

TAN/Nexcr kg kg-1 0.715 0.712 0.700 0.693

The energy requirements for the growth of the conception 
products vary with the calves’ birth weights (see Appendix 
II). The amount of nitrogen retained is more than compensat-
ed by the additional feed intake (Table 4).

4.4  Variation of milk yield and composition
As data from the literature suggest, wide ranges of milk 
yields and milk fat and protein contents have to be consid-
ered. Table 5 illustrates the importance of the knowledge of 
reliable milk yields. The synthesis of milk fat is an energy- 

consuming process. This is reflected in Table 6. Changes in 
milk protein contents have little effect on the energy require-
ments but do affect the N balance (Table 7).

In this model, the duration of the lactation period has no 
effect on energy demands or excretion rates, as the annual 
total of the milk yield is used.

Table 5 
The effect of the annual milk yield on mean energy require-
ments and excretion rates

milk yield kg calf -1a-1 1,500 2,000 2,500 3,000 3,500

NEL intake rate MJ cow -1 d-1 53.9 55.4 56.9 58.3 59.8

ME intake rate MJ cow -1 d-1 92.0 94.5 97.0 99.5 102.0

DM intake rate kg cow -1 d-1 9.8 10.1 10.3 10.6 10.9

CH4 emission 
(enteric)

kg cow -1 a-1 
108.9 111.3 113.6 116.0 118.3

MCR MJ MJ-1 0.094 0.093 0.093 0.092 0.092

VS excreted kg cow -1 a-1 1,085 1,115 1,144 1,174 1,203

N excreted kg cow -1 a-1 65.5 67.3 69.2 71.0 72.8

TAN excreted kg cow -1 a-1 46.6 48.0 49.5 50.9 52.3

TAN/Nexcr kg kg-1 0.712 0.713 0.715 0.717 0.719

Table 6 
The effect of milk fat content on mean energy requirements 
and excretion rates

milk fat content kg kg-1 0.035 0.040 0.045 0.050

NEL intake rate MJ cow -1 d-1 56.8 56.9 56.9 56.9

ME intake rate MJ cow -1 d-1 97.0 97.0 97.0 97.1

DM intake rate kg cow -1 d-1 10.3 10.3 10.3 10.4

CH4 emission 
(enteric)

kg cow -1 a-1 113.6 113.6 113.6 113.7

MCR MJ MJ -1 0.093 0.093 0.093 0.093

VS excreted kg cow -1 a-1 1,144 1,144 1,144 1,145

N excreted kg cow -1 a-1 69.1 69.2 69.2 69.2

TAN excreted kg cow -1 a-1 49.4 49.5 49.5 49.5

TAN/Nexcr kg kg -1 0.715 0.715 0.715 0.715

Table 4 
The effect of the calf birth weight on mean energy requirements and excretion rates

calf birth weight kg calf -1                20               25               30              35               40               45

NEL intake rate MJ cow -1 d-1 55.0 55.5 55.9 56.4 56.9 57.3

ME intake rate MJ cow -1 d-1 93.9 94.7 95.4 96.2 97.0 97.8

DM intake rate kg cow -1 d-1 10.0 10.1 10.2 10.3 10.3 10.4

CH4 emission (enteric) kg cow -1 a-1 110.7 111.4 112.2 112.9 113.6 114.4

MCR MJ MJ-1 0.093 0.093 0.093 0.093 0.093 0.093

VS excreted kg cow -1 a-1 1,107 1,117 1,126 1,135 1,144 1,154

N excreted kg cow -1 a-1 67.4 67.9 68.3 68.7 69.2 69.6

TAN excreted kg cow -1 a-1 48.2 48.5 48.8 49.2 49.5 49.8

TAN/Nexcr kg kg-1 0.715 0.715 0.715 0.715 0.715 0.715
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Table 7 
The effect of milk protein content on mean energy require-
ments and excretion rates

4.5  Variation of energy contents of pasture
Feed quality varies considerably. We have chosen different 
pasture types that are typical for German suckler cow pro-
duction. Pastures with NEL contents of about 5.2 MJ kg-1 can 
be found in extensive systems but NEL contents of 6.3 MJ kg-1 
are considered typical for dairy cows. The mean pasture qual-
ity is taken to be 5.5 MJ kg-1 (LFZ Raumberg-Gumpenstein, 
2011; Bauer and Grabner, 2012). Details of the feed composi-
tion assumed are shown in Table 8. 

Grass silage and barley are fed when the cows are housed. 
A constant ratio of 90 to 10 % fresh matter (or about 96 to 4 % 
of DM, in accordance with the proposal in Weiß et al., 2005) is 
fed. The winter diet fed has about the same nutritional value 
as the standard grass feed used in our calculations (pasture 
grass 3). Hence the amounts fed can be related to the dura-
tion of grazing. 

The resulting DM and NE intake and excretion rates are 
collated in Table 9.

milk protein content kg kg-1 0.031 0.034 0.037 0.040

NEL intake rate MJ cow -1 d-1 56.8 56.9 56.9 56.9

ME intake rate MJ cow -1 d-1 97.0 97.0 97.0 97.0

DM intake rate kg cow -1 d-1 10.3 10.3 10.3 10.3

CH4 emission 
(enteric)

kg cow -1 a-1 113.6 113.6 113.6 113.6

MCR MJ MJ -1 0.093 0.093 0.093 0.093

VS excreted kg cow -1 a-1 1,144 1,144 1,144 1,144

N excreted kg cow -1 a-1 69.2 69.2 69.1 69.1

TAN excreted kg cow -1 a-1 49.5 49.5 49.5 49.4

TAN/Nexcr kg kg -1 0.715 0.715 0.715 0.715

Table 8 
Properties of the feed constituents used (DM: dry matter; NEL net energy for lactation; ME: metabolizable energy;  
CP: crude protein; CF: crude fibre; NFE: nitrogen free extracts; EE: ether extracts - crude fat; Ash: ash content).  
(Data sources: Beyer et al., 2004; DLG, 2009)

     energy contents B        feed constituent contens B

 DM A 
kg kg-1

   NEL 
MJ kg -1

     ME 
  MJ kg -1

   CP 
kg kg -1

   CF 
kg kg -1

  NFE 
kg kg-1

    EE 
kg kg -1

  Ash 
kg kg -1 

pasture grass 1 0.18 6.30 10.00 0.183 0.225 0.425 0.042 0.125

pasture grass 2 0.21 5.80 9.81 0.141 0.272 0.455 0.039 0.093

pasture grass 3 0.25 5.48 9.38 0.118 0.288 0.508 0.026 0.060

pasture grass 4 0.30 5.20 8.97 0.115 0.304 0.473 0.034 0.074

grass silage 0.350 5.24   8.99 0.144 0.272 0.435 0.037 0.112

barley (winter) 0.880 8.08 12.84 0.124 0.057 0.765 0.027 0.027
A DM related to fresh matter. BAll information related to DM.

Table 9 
The effect of feed quality on excretion rates

4.6  Variation of grazing times
In Germany, the duration of the grazing period for suckler 
cows varies between 190 and 280 d a-1 with a mean between 
210 and 220 d a-1 (Rösemann et al., 2013, data on CD en-
closed). The sensitivity analysis makes use of a default value 
of 210 d a-1 and steps of 20 d a-1. The animals are kept out-
doors 24 h d-1 in any case.

As differences in feed composition between grazing and 
housing are minor, the changes in excretion rates small  
(Table 10).

4.7  Summary of findings
It can be seen from the above that cow weight and milk yield 
have the highest impact on energy intake and excretion rates. 
Changes in calf birth weights have little influence on excre-
tion rates. Almost no effect can be identified for milk fat and 
protein contents. Due to the small difference between the  
energy contents of pasture and silage/barley, the duration of 
the grazing period has but a small effect on excretion rates.

Hence, as a matter of priority, typical cow weights and 
milk yields are to be identified for the national emission  
inventory.

pasture NEL content kg cow -1 a-1 5.2 5.5 5.8 6.3

NEL intake rate MJ cow -1 d-1 56.9 56.9 56.9 56.9

ME intake rate MJ cow -1 d-1 97.5 97.0 96.2 92.2

DM intake rate kg cow -1 d-1 10.7 10.3 10.0 9.4

CH4 emission (enteric) kg cow -1 a-1 107.2 113.6 98.9 88.3

MCR MJ MJ-1 0.085 0.093 0.084 0.080

VS excreted kg cow -1 a-1 1,306 1,144 998 893

N excreted kg cow -1 a-1 66.1 69.2 71.9 85.3

TAN excreted kg cow -1 a-1 46.5 49.5 52.1 65.2

TAN/Nexcr kg kg-1 0.704 0.715 0.724 0.765
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Note: The NEL requirements during the cows’ dry period are 
here taken as constant irrespective of the cows’ weight. GfE 
(2001) state that this is related to a live weight of 650 kg cow -1. 
Bauer and Grabner (2012) apply it to all suckler cows. How- 
ever, the NEL requirements during the dry period are small 
compared to the overall annual NEL requirements. This short-
coming will not affect the results.

5  Derivation of input parameters de-
scribing the mean German suckler cow 

In contrast to dairy cows, where only a few genotypes con-
tribute to the overall milk production, the suckler cow popu-
lation consists of a high number of genotypes which differ 
considerably in their properties such as weight and milk 
yield. For most input parameters used in the model, no offi-
cial data are available. 

An attempt is made to derive a complete and representative 
set of input parameters to describe the “mean German suckler 
cow”. These are listed at the end of each respective chapter.

5.1  Herd composition
About 40 genotypes are considered in German beef cattle 
herdbooks3, 10 of them covering 90 % of the whole popula-
tion 4. For these, the Federation of German Cattle Breeders 
(Arbeitsgemeinschaft Deutscher Rinderzüchter, ADR) pro-
vides the number of herdbook cows of beef genotypes 
(“Herdbuchtiere nach Rassen: Fleischrassen”). Data for the 
composition of the whole German suckler cow population 
are available from 2008 onwards (Table 11). It shows that the 
majority of this population consists of crossbred animals: 
Many of today’s suckler cows are derived from dairy cattle.  
In northern Germany in particular, they often are the result of 

3 For the information provided in (regional) German herdbooks see e.g.  
 RSA (2003) or FVB (2010).
4 For a comprehensive description of the genotypes bred in Germany see  
 Hampel (1995).

Table 10 
The effect of the duration of the grazing period on mean energy requirements and excretion rates

grazing period d a-1 170 190 210 230 250 270

NEL intake rate MJ cow -1 d-1 56.3 56.6 56.9 57.1 57.4 57.7

ME intake rate MJ cow -1 d-1 95.9 96.5 97.0 97.6 98.1 98.7

DM intake rate kg cow -1 d-1 10.2 10.3 10.3 10.4 10.5 10.5

CH4 emission (enteric) kg cow -1 a-1 110.9 112.2 113.6 115.0 116.4 117.9

MCR MJ MJ-1 0.092 0.092 0.093 0.093 0.094 0.094

VS excreted kg cow -1 a-1 1,125 1,134 1,144 1,154 1,164 1,174

N excreted kg cow -1 a-1 68.4 68.8 69.2 69.5 69.9 70.3

TAN excreted kg cow -1 a-1 49.1 49.3 49.5 49.6 49.7 49.9

TAN/Nexcr kg kg-1 0.718 0.717 0.715 0.713 0.711 0.710

(repeated) cross-breeding of Beef-Simmental bulls on black 
and white dairy cows (Holstein German). In southern Germa-
ny, Simmental cows were partly crossed with French beef 
breeds. Today, most crossbreds show properties of modern 
Beef-Simmentals. This is partly due to the availability of low-
cost Simmental bulls in Germany.

It should be kept in mind that regional herd composi-
tions may deviate considerably from the national mean, see 
e.g. Roffeis et al. (2006) for Brandenburg. 

Table 11 
German suckler cows’ herd composition (data from ADR, 
2009 to 2012)

5.2  Typical cow live weights
Table 12 collates cow weights in the early 1990s and in 2010; 
it is assumed that the latter represent the present situation. 
Mean weights are calculated as the arithmetic means of the 
respective lower and upper values. An overall increase can 
be observed for most genotypes, although this change is 

year 2008 

heads

2009 

heads

2010 

heads

2011 

heads

mean  share 

of breed 

Xheads

crossbreds 216,599 224,524 228,402 224,703 0.45

Angus,  
German

  36,292   36,134   35,693   34,567 0.07

Blonde  
d’Aquitaine

----- A ----- ----- -----

Charolais   58,655   57,423   55,567   52,511 0.11

Galloway   18,693   17,889   17,675   16,945 0.04

Hereford ----- ----- ----- -----

Highland   14,326   14,518   14,826   14,490 0.03

Limousin   62,893   63,290   63,136   61,924 0.13

Simmental   43,839   45,128   45,619   45,765 0.09

Uckermärker ----- ----- ----- -----

other   40,270   39,682   39,334   38,914 0.08

A no information available
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doubted by some experts. One potential explanation for  
increased body weights is that breeding for higher weight 
gain of the offspring will also result in also higher body mass 
of their mothers. Improved feeding may be another explana-
tion. In addition, genetic gains have been achieved in the 
feed conversion rate.

It is obvious that mean weights have increased for some 
breeds. However, their use as input parameters is coupled to 
the knowledge of the herd composition, which remains  
unknown before 2008. Hence the following derivation of the 
mean German suckler cow is confined to the period after 
2008. 2010 is chosen as a reference year.

The weighted mean weight of the national suckler herd 
(wm) in 2010 as calculated from the respective share of heads 
xn, g of a genotype (Table 11) and the mean weight of the gen-
otype wg (where crossbreds are treated as Simmentals) ac-
cording to

(2)∑ ⋅=
g

gn, g m wxw

and 

(3)∑ = 1g n,x 
 

 
amounts to 736 kg cow -1.

It remains unclear whether the dataset in Table 12 refers to 
mean live weights or slaughter weights. As can be deduced 
from Table 2, the difference may be reasonable.

Statistics give the live weight at the slaughter house or 
the carcass weight, from which final live weights can be  
derived. However, these weights cannot be used directly to 
derive the mean weights needed for the calculation of ME or 
NEL requirements for maintenance, as the animals grow con-

Table 12 
Typical lower, upper and average cow weight margins of genotypes in 1990 and 2010.  
Sources: Bach (1990) for about 1990 and in Waßmuth et al. (2006) and Fischer et al. (2011)

typical suckler cow (in kg cow -1)

           lower margin              upper margin                  meanA

1990 2010    1990   2010 1990 2010

Angus, German 550 550 700 700 625 625

Blonde d’Aquitaine 750 850 1,000 950 875 900

Charolais 750 800 900 1,000 825 900

Galloway 450 550 550 550 500 550

Hereford 600 700 650

Highland 400 450 450 550 425 500

Limousin 650 650 750 750 700 700

Simmental 650 700 750 800 700 750

Uckermärker 850 800 850

A arithmetic mean of range

siderably during their life-span as suckler cows. Furthermore, 
their weight oscillates with the reproduction cycles.

Recommendations regarding the productive life-span of 
suckler cows vary considerably. KTBL (2010) assumed four 
lactations as base for their economic data set. Weiß et al. 
(2005) assumed 6 lactations. 7.7 lactations are reported for 
organic farming in Böttcher (2010). Brändle and Krieg (2008) 
as well as Bauer et al. (2007) mention 6 to 7 lactations. By 
definition, suckler cows are called suckler cows after having 
given birth for the first time. Hence, if one assumes a mean of 
6 births per cow, the lifetime of the mean suckler cow com-
prises 6 lactation periods and 5 births. With a mean life-span 
as suckler cows of 5 years, the mean annual weight gain is 
almost 3 % of the final weight.

A detailed procedure to derive suckler cow mean weights 
from a known weight is described in Appendix I.

A final live weight of 750 kg cow -1 is assumed for the 
mean German suckler cow.

5.3  Typical calf birth weights
Calf birth weights vary with genotype, as Table 13 illustrates. 
As a rule, heavier cows give birth to heavier calves. It should 
be noted that the German genotypes may differ consider-
ably from foreign breeds carrying the same names (which 
may be different genotypes). Consequently, the abundant 
information provided in the foreign literature was not used 
for comparisons; we constricted ourselves to data from  
German genotypes.

A weighted mean calf weight for 2010 was obtained from 
this data using the same procedure as for suckler cows (Equa-
tions (2) and (3)). Then, the mean calf weight relevant to  
calculate the energy requirements of suckler cows is 35.9 kg 
calf -1.

A mean calf birth weight of 36 kg calf -1 is assumed for 
the derivation of intake and excretion rates of the mean  
German suckler cow.
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A time series of mean calf weights cannot be calculated as 
the actual herd composition is unknown for most of the time 
from 1992 onwards. Deriving the composition of the  
national herd from numbers of herdbook cows would be 
misleading, as the herdbooks overrepresent the rarer breeds.

5.4  Nitrogen contents of suckler cows and calves
Due to lack of data on the N content of suckler cows and 
calves, the respective N contents of dairy cows and their 
calves are used. According to DLG (2005), these amount to 
0.0256 kg kg-1 N for cows and 0.0296 kg kg-1 N for calves.

5.5  Milk yield, milk composition and duration of 
lactation
Suckler cows give birth to one calf per year. Their milk pro-
duction is governed by the milk required by their calves. As 
can be seen from Table 14, these amounts vary to an extent 
that makes the formation of a mean milk yield impossible. 
Again, foreign animals of the genotypes bearing identical 
names may differ with respect to their milk yield as well as to 
the percentages of milk fat and milk protein.

German recommendations also differ with respect to 
mean milk yields. Bach (1990) mentions 8 months of suck-
ling with an average milk yield of 10 kg cow -1 d -1, which sums 
to about 2,450 kg cow -1. Weiß et al. (2005) assume a milk yield 
of about 2,500 kg cow -1 in 6 to 8 months of lactation. Hampel 
(1995) substantiates his energy requirement estimates with 
milk yields between 1,800 and 2,500 kg cow -1. Irrespective of 
genotype and animal weight, DLG (2009) start from the  
assumption of about 3,000 kg cow -1 for a lactation period of 
 210 d a-1 5. However, Steinwidder and Häusler (2004) show 

5 DLG (2009) extends their table to 12 months. As weaning is proposed to 
 happen after 7 months, the following period is not taken into consider- 
 ation.

Table 13 
Typical male and female calf birth weights of genotypes provided in Bach (1990) and ADR (1993) (Table 81) and ADR (2011, 
Table 5.2, Fleischleistungsprüfung) for about 1990 and 2010, respectively, as well as mean weights (arithmetic mean of the 
respective male and female calves)

typical calf birth weights (in kg calf -1)

                    male                   female                    mean

1990 2010  1990 2010 1990 2010

Angus, German 550 550    700    700 625 625

Blonde d’Aquitaine 750 850 1,000    950 875 900

Charolais 750 800    900 1,000 825 900

Galloway 450 550    550    550 500 550

Hereford 600    700 650

Highland 400 450    450    550 425 500

Limousin 650 650    750    750 700 700

Simmental 650 700    750    800 700 750

Uckermärker ----- A ----- ----- ----- ----- -----

A no information available

(experimental) milk yields between 5 and 10 kg cow -1 d -1 for 
various genotypes including crossbreds, which results in a 
milk yield of about 1,500 kg cow -1 a-1. 

It has to be kept in mind that milk yields increase with the 
age of the suckler cow. Petit and Liénard (1988) refer to un-
published results of Ménissier (1987) where the milk yields of 
the lactations of the second and subsequent calvings exceed 
those of the first calving by 30 to 50 %. However, the cumula-
tive milk yield for 210 d of lactation never exceeded 1,300 kg 
cow -1 a-1.

With respect to suckler cows’ milk yields, literature data 
and German recommendations disagree to an extent that re-
quires special consideration (see Appendix III).

The information available on milk fat and protein contents 
is even more sparse. Hence the calculations make use of the 
respective mean properties of cows’ milk, i.e. 41 g kg -1 fat and 
34 g kg -1 protein (see Tables 4.10 and 4.11 in Rösemann et al., 
2013), as also suggested in Steinwidder and Häusler (2004).

Weaning occurs between 6 and 10 months of age. A  
determining factor is the beginning sexual maturity of the 
calves (males at about 250 kg calf -1, females at about 280 kg 
calf -1, Steinwidder and Häusler, 2004), i.e. after about 7 months.

Conservative assumptions of a lactation period of 
210 d, a milk yield of 1,500 kg cow -1 and milk fat and protein 
contents of 41 and 34 g kg -1, respectively are made here.

5.6  Diet composition and feed properties
It is typical for the suckler cow production line to feed rough-
age as grass, grass silage or hay only, sometimes combined 
with small amounts of straw. Energy contents fall below 
those of the feed used for dairy cows (Bach, 1990; Stein- 
widder and Häusler, 2004; Häusler et al., 2011; Bauer and 
Grabner, 2012). Average NEL contents are approximately 
5.5 MJ kg -1 (annual mean). Some barley may be added in win-
ter when the silage quality is insufficient.
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Table 14 
Milk yields and milk fat and protein contents – results of a literature survey.

genotype cow weight milk yield milk fat 
content

milk protein  
content

source

kg cow -1 kg cow -1 a -1 g kg -1 g kg -1

Angus, German 2,500 - 3,000 Fleischrinderzüchter (undated)

Angus, red 470 1,745 Freetly and Cundiff (1998)

Angus, red 1,164 Scholz et al. (2001)

Angus 1,454 Marston et al. (1992)

Angus 45 33 Sinclear et al. (1998)

Blonde d’Aquitaine ----- ----- ----- -----

Charolais 1,350 Petit and Liénard (1988) A

Charolais 628 1,520 Petit and Liénard (1988)

Charolais 640 1,630 Petit and Liénard (1988)

Charolais 607 1,250 Petit and Liénard (1988)

Charolais 49 37 Sinclear et al. (1998)

Charolais about 700 1,656 Murphy et al. (2008)

Charolais 1,596 McGee et al. (2005)

Charolais 1,318 McGee et al. (2005)

Galloway ----- ----- ----- -----

Hereford   950 Petit and Liénard (1988)

Hereford 480 1,060 Freetly and Cundiff (1998)

Hereford 594   768 2.59 36.0 McMorris and Wilton (1986)

Hereford about 1,550 Kress et al. (1996)

Highland ----- ----- ----- -----

Limousin 1,130 Petit and Liénard (1988)

Limousin 515 1,160 Petit and Liénard (1988)

Limousin 556 1,210 Petit and Liénard (1988)

Limousin 595 1,250 Petit and Liénard (1988)

Limousin 469 1,080 Petit and Liénard (1988)

Limousin 1,891 43.0 36.5 Scholz et al. (2001)

Limousin about 600 1,320 Murphy et al. (2008)

Simmental 3,750 40.9 34.9 Scholz et al. (2001)

Simmental 700 1,364 30.9 36.9 McMorris and Wilton (1986)

Simmental 1,724 Marston et al. (1992)

Simmental 543 - 685 3,351 32.0 30.0 Häusler et al. (2011)

Simmental 3,329 Steinwidder et al. (undated)

Uckermärker ----- ----- ----- -----
A Milk yields in Petit and Liénard are listed in kg cow -1 d -1 for a lactation period of 6 to 7 months. Here, they were multiplied with 220 d of lactation.

Hence we use pasture grass 3 (5.5 MJ kg -1 NEL) and the si-
lage / barley mixture (9 to 1) as described in Table 8.

5.7  Housing and grazing
Statistisches Bundesamt supplied data describing the overall 
distribution of the grazing management. 24 % of all animals 
are kept outdoors all year round; 76 % are kept on pasture part 
of the day, 23.6 h d -1 over a grazing period of 227.5 d a-1. This 
data is used in the suckler cow model.

6  Resulting energy requirements, feed 
intake and excretion rates – discussion 
and conclusions

If the data set described above is input into the suckler cow 
model, one obtains the results shown in Table 15. This table 
also allows for a comparison with the data set used in the 
German agricultural emission inventory (Rösemann et al., 
2013, data on CD enclosed).
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Table 15 
Energy requirements, dry matter intake and excretion rates 
of the mean German suckler cow

The data used in the German emission inventory stem from 
various standard textbooks, table books and guidance docu-
ments for emission inventories. The assumptions with regard 
to ME and DM intake rates as well as the N excretion rates  
exceed those found in the work at hand; whereas the VS fall 
below those established in this work. 

In the inventory, the CH4 emission rates from enteric fer-
mentation are calculated using the MCR provided in the IPCC 
(2006) Guidebook. It can be shown that this MCR underesti-
mates emission rates for low milk yields under German con-
ditions (Dämmgen et al., 2012). The feed quality assumed for 
suckler cows in the work at hand reflects the fact that suckler 
cows are mainly kept on marginally profitable grasslands, 
which produce herbage with low energy and high fibre con-
tents. This also explains the low N excretion rate found in this 
work. Many pastures do not receive N in the form of fertilizer 
or manure, so rely on the recycling of the N excreted and the 
N fixation of legumes to support production. The ratio of TAN 
to N excreted as used in the present inventory is the default 
value provided in EMEP (2009). Its application would result in 
a TAN excretion rate of 49 kg cow -1 a-1. However, the suckler 
cow model calculates this ratio from feed properties, which 
results in a lower TAN excretion rate than in the present  
German inventory.

unit

mean  
German  

suckler cow 
(this work)

German  
inventory 2010  

(Rösemann  
et al., 2013)

mean weight kg cow -1 750 650

NEL intake rate MJ cow -1 d-1 50.7

ME intake rate MJ cow -1 d-1 86.2 98.6

DM intake rate kg cow -1 d-1 9.2 9.8

CH4 emission  
(enteric)

kg cow -1 a-1 88.2 76.2

MCR MJ MJ -1 0.089 0.065

VS excreted kg cow -1 a-1 987 881

N excreted kg cow -1 a-1 57.6 82

TAN excreted kg cow -1 a-1 36.9

TAN/Nexcr kg kg -1 0.641 0.60

The estimates of energy intake obtained in this work are 
compared with a range of recommendations published in 
Germany in Table 16. This comparison suffers from an inade-
quate description of the parameters governing the energy 
input in the published recommendations. In particular, it is 
likely that the published recommendations incorporate a 
safety margin, to ensure that the energy requirements are  
always fulfilled, despite inter-animal variations in the herd. 
The high milk yields assumed explain why the energy  
requirements given in the literature exceed those deter-
mined in the work at hand. The values from KTBL (2006, 
2010) are closest to the findings in this work but no perfor-
mance data are included in this publication.

The discussion of the uncertainties of the results obtained 
for the mean German suckler cow reflects the uncertainties 
of the suckler cow excretion model and the data. 

The dairy cow model from which the suckler cow model 
was derived passed international review processes within 
the IPCC and EMEP review processes successfully. Compari-
sons with measured data are still sparse. However, the CH4 
module derived from Kirchgeßner et al. (1995) illustrates the 
natural scatter of results from which we estimate an uncer-
tainty of about 10 % (valid input parameters provided). 

It remains difficult to address the uncertainties of the 
output parameters produced in the work at hand, as no un-
certainties are available for the input parameters. Only the 
animal numbers provided by Statistisches Bundesamt can be 
claimed correct. 

If the cow weights are taken to have a range as shown in 
Table 12, an uncertainty of about 20 % may be deduced for 
single genotypes. If one assumes an error of 50 kg cow -1 for 
the “mean cow” (i.e. about 7 % of a 750 kg cow) in the esti-
mate of the mean weight, an error of about 4 % results for the 
excretion rates. Furthermore, it is unclear which type of  
animal weight is listed (mean weight, weight before slaugh-
tering). The information provided in Table 2 suggests another 
uncertainty of about 5 %. 

As shown in Table 3, weight gains are unlikely to have a 
significant effect on uncertainties.

Calf weights are recorded from measurements and can 
be considered accurate, as are the reported weight gains. The 
derivation of energy requirements for calves, however, relies 
on data and methods for which uncertainties are unknown. 
However, Table 4 indicates that errors in the assumption of 
mean calf birth weights (which will be in the order of a few kg 

Table 16 
Comparison of modelled energy requirements with published German recommendations (rounded data)

milk yield animal weight energy intake

Source kg cow  -1 a -1 kg cow  -1 unit source this work

Bach (1990) 2,500 650 NEL (GJ cow -1 a-1) 28 18.5

Weiß et al. (2005) 2,500 650 NEL (MJ cow -1 d -1) 69 50.7

KTBL (2006) --- --- GE (GJ cow -1 a-1) 54 60.0

DLG (2009) 4,000                     600 - 750 NEL (MJ cow -1 d -1) 76 50.7

KTBL (2010) --- --- ME (GJ cow -1 a -1) 36 31.4
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calf -1) will not lead to significant errors in the excretion rates 
of the suckler cows.

The suckler cow model makes use of assumptions on 
feed quality. As Table 9 shows, a change of the NEL content 
by 0.1 MJ kg-1 (about 2 %) may result in changes of about 5 % 
for the excretions.

With so many inadequacies in the input parameters, we 
are unable to rigorously calculate the overall uncertainty of 
the excretion rates of the mean German suckler cow. We esti-
mate that – given a well characterized set of input data – the 
model is able to produce plausible results with an uncertain-
ty of less than 20 %. 

7  Representativeness of the “mean 
German suckler cow”

In principle, the suckler cow model can be used to describe 
single farm situations as long as the set of input parameters 
can be established satisfactorily. The use of mean values as 
established above restricts the meaningfulness of resulting 
excretion and emission rates to the nation as a whole. A high-
er resolution in space, e.g. the application of the model to 
single administrative districts, is not allowed.

Appendix I 

Determination of mean weights and weight 
gains of suckler cows

Mean cow weights
Suckler cows are first bulled when they reach about 65 % of 
the mature cow weights (Bach, 1990; Waßmuth et al., 2006; 
EBLEX, 2008; Bauer and Grabner, 2012). At their first calving, 
they have reached about 86 % of their final (mature) cow 
weights and about 96 % after the birth of their second calves. 
After the third calf no substantial further weight gain is  
observed. Cows lose about 10 % of their weight at calving in 
the form of the calf and afterbirth. This weight is regained in 
the period by the next calving. 

These experimental findings are depicted in the model.  
Figure A1 illustrates the development of a cow’s live weight 
as considered in this work.
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Figure A1 
Example live weight development of a suckler cow (green 
line) (modified after EBLEX, 2008, and related to the German 
situation using Brade’s expert judgement), the annual mean 
weights (red lines) and the relevant weight gain (blue).
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resulting in

                                                                                           
  

or 

 

where

wmean relevant mean weight (in kg cow -1)
w1a weight immediately after the first calving (in kg cow -1)
w2b weight immediately before the second calving (in kg cow -1)
w2a weight immediately after the second calving (in kg cow -1)
w3b weight immediately before the third calving (in kg cow -1)
w3a weight immediately after the third calving (in kg cow -1)
wfin final weight at the end of the cow’s life (in kg animal-1)
nlife-span life-span from first calving to slaughtering (in a)

and

w1b weight immediately before the first calving (in kg cow -1)
a constant (a = 0.90 kg kg -1) (see text above)
b constant (b = 0.86 kg kg -1)
c constant (c = 0.96 kg kg -1)

Mean cow weight gains
The animal subcategory ‘suckler cows’ comprises females af-
ter their first calving. Overall weight gains have to consider 
comparable weights reflecting the periodic changes due to 
pregnancy and calving. It is assumed that cows reach their  
mature weight after the third calving, and that the weight 
gained after the first calving is about 10 % of the mature 
weight, that after the second calving is 4 % 6.

As illustrated in Figure A1, the relevant annual weight gain is

6 This corresponds to Waßmuth et al. (2006) who recommend a weight of 
 about 60 % of the final  weight, or about 400 kg cow -1 in Bauer et al. (1997).

(A8)

where

Δwmean relevant mean weight gain (in g animal-1 d-1)
wfin mature weight (at the end of the cow’s life) 
 (in kg cow-1)
w1b start weight immediately before the first calving  
 (in kg cow -1)
β mass units conversion factor (β = 1,000 g kg-1)
nlife-span life-span from first calving to slaughtering (in a)
α time units conversion factor (α = 365 d a-1)
b constant (b = 0.86 kg kg-1)
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Appendix II

Derivation of the energy requirements for 
pregnancy

The energy required to develop conception products are a 
function of the size of the conception products. For beef 
cows, the ME requirements for pregnancy (in addition to 
their maintenance requirements) was expressed as a func-
tion of the calf’s birth weight by Nicol and Brookes (2007)  
(Table A1). 

Table A1 
ME requirements for the development of the conception 
products according to Nicol and Brookes (2007)

GfE (2001) recommend additional ME requirements as 
shown in Table A2 without mentioning the calf’s birth weight. 

Table A2 
ME requirements for the development of the conception 
products according to GfE (2001)

The comparison of the data provided in Tables A1 and A2 in 
Figure A2 suggests that the German calf birth weights should 
be about 35 to 38 kg calf -1, which corresponds with the data 
used in the German agricultural inventory (36 kg calf -1)  
(Rösemann et al., 2013). 

The data set published in GfE (2001) reflects the state of 
knowledge prior to 1976; it gives just two data points and  
ignores any requirements in the early stage of the develop-
ment of the conception products. We therefore prefer to use 
the more detailed description given in Nicol and Brookes 
(2007), as there is no principal difference between the  
metabolisms of beef, dairy and suckler cows.

As shown in Table A1, Nicol and Brookes (2007) also give  
cumulative additional requirements. Here, the relation 
between requirements and calf birth weight is linear 
(Figure A3).

weeks before calving

calf birth weight 12 8 4 0 total

kg calf -1 MJ cow -1 d -1 MJ cow -1

30 6 11 20 34 1,700

40 9 15 26 45 2,300

50 11 18 32 55 2,800

weeks before calving

6 to 4 3 to 0 total

ME NEL ME NEL ME NEL

21 13 30 18 1,071 651

Figure A2 
ME requirements for the development of the conception 
products according to Nicol and Brookes (2007) (lines and 
markers) and GfE (2001) (squares)

Figure A3 
Relation between cumulative ME requirements for the  
development of the conception products according to Nicol 
and Brookes (2007) and linear regression 

Nicol and Brookes (2007) use ME to characterize the energy 
requirements. The GfE (2001) data facilitate the conversion of 
ME requirements to NEL: The fractions deduced from Table 
A2 for the two time spans are 0.62 and 0.60 MJ MJ -1, respec-
tively; the fraction for the entire 6 weeks is 0.61 MJ MJ -1.  
Using this as energy units conversion factor χ, cumulative 
NEL requirements for the development of the conception 
products can be calculated in ME units from the regression 
in Figure A3 as

(A10)

where

nelp cumulative NEL required for the development of the 
 conception products (in MJ animal-1 NEL)
χ mean energy units conversion factor (χ = 0.61 MJ MJ-1, 
 see text)
d coefficient (d = 55 MJ kg -1 ME; slope in Figure A3)
wcalf birth weight of calf (in kg calf -1)
e constant (e = 66.67 MJ calf -1; offset in Figure A3)
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Appendix III 

Derivation of milk yields from calves’ energy 
requirements

The estimate of milk yields is obviously of key importance for 
the quantification of emissions from suckler cows. In princi-
ple, milk yields can be derived from calves’ energy intake 
rates if the contribution of suckling is known.

Energy requirements
Energy requirements are calculated separately for calves 
(weight at day 125, w125, of a 125 kg calf -1) and young beef 
cattle until weaning after seven months (w210).

According to Dämmgen et al. (2013), the ME require-
ments of calves from birth to a live weight of 125 kg animal-1 

gained in 18 weeks or 125 days sum to about 3,200 MJ calf -1 

The recommendations provided by GfE (2001, Table 
1.5.3) and shown in Table A3 are used to describe energy  
requirements of young beef cattle. 

Table A3 
ME intake rates of young beef cattle related to animal 
weights wybc and weight gains Δwybc (GfE, 2001)

Table A3 is converted to a steady function relating ME  
requirements to animal weights and weight gains of young 
beef cattle for weights above 100 kg animal -1.

live weight wybc weight gain Δwybc

kg animal -1 g animal -1 d -1

600 700 800 900

150 32.3 34.1 36.0

200 39.6 42.0 44.3 46.6

250 46.7 49.6 52.6 55.8

300 53.6 57.6 60.8 64.6

 
(A11)

where

MEybc metabolizable energy required for the life-span of 
 young beef cattle (in MJ animal -1 d -1)
f coefficient (a = 0.0001202 MJ g kg-1)
wybc live weight (in kg animal -1)
g constant (b = 0.000030 MJ g -1)
Δwybc daily weight gain (in g animal -1 d -1)
h coefficient (h = 0.070502 MJ kg -1)
i constant (d = 10.957800  MJ animal -1 d -1)

The results obtained from the application of this equation 
match the contents of Table A3 perfectly. Hence, this equa-
tion is used to calculate ME requirements for animal weights 
above 125 kg animal -1.

As the relation of ME requirements with weights and weight 
gains is linear in both cases, the (slight) extrapolation to higher 
weight gains seems adequate and was also used in GfE (2001).

Relevant animal weights and weight gains
ADR (1993, and subsequent years) list mature weights and 
overall weight gains Δwtotal, for the offspring from herdbook 
cows that passed performance tests for all years, They also 
report he weights at day 200, w200, since the year 2000  
onwards. The arithmetic means of the weight gains for male 
and female animals are shown in Table A4.

Table A4 contains gaps for weights at day 200, w200, for 
Galloway and Highland cattle, for 2000 and 2010. These had 
to be filled to construct a weighted mean for the overall herd. 
Missing values were derived by using a mean ratio xΔw, g  
between the overall weight gain, wtotal, g, and the weight gain 
at day 200, w200, g, for each genotype. The arithmetic mean of 
the values listed in Table A4 for 2000 and 2010, xΔw*, were 
used; values for Charolais and 2010 were omitted as dubious.

Table A4 
Ratios xΔw of weight gains for genotypes g at day 200, Δw200, and overall weight gains, Δwtotal 

                 2000               2010                 mean

Δwtotal Δw200 xΔw, g Δwtotal Δw200 xΔw, g xΔw, g*

Angus, German 1,227 988 0.81 1,264 1,010 0.80 0.80

Blonde d’Aquitaine 1,139 1,345 1,255 0.93 0.93

Charolais 1,403 1,154 0.82 1,418 1,422 1.00 0.91

Galloway   777    776

Hereford 1,236 904 0.73 1,294 1,059 0.82 0.77

Highland   686   578

Limousin 1,238 1,016 0.82 1,281 1,107 0.86 0.84

Simmental 1,349 1,114 0.83 1,471 1,197 0.81 0.82

Uckermärker 1,485 1,151 0.77 0.77

( ) ( )iwhwgwf +⋅+∆⋅+⋅= ybcybcybcybcME
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The resulting weight gains w200 for Galloway and Highland 
cattle are 639 and 520 g animal-1 d-1, respectively.

A weighted mean reflecting the herd composition (num-
bers of herdbook cows in 2010 of the respective genotype as 
provided in Table 11 were used) can be obtained from this 
data. 
 

(A12)

and 

(A13)

Calculations yield a mean XΔw of 0.82 which happens to be 
the value obtained for Simmentals.

The relevant mean weights describing the animals  
between days 125 and 210 were derived from the weight at 
day 125 (125 kg animal-1) and the weight gained in 85 days as 
young beef cattle with a weight gain Δw200, the so-called 
weanlings:

 
(A14)

where

wwean relevant mean weight of the weanling for ME  
 requirement calculations (in kg animal -1)
w125 final weight of calves (w125 = 125 kg animal -1)
wbirth  birth weight of calves (in kg calf -1)
twean time of weaning (in d)
tcalf final day of calves’ life-span (in d)
Δw200 daily weight gain until day 200 (in g animal -1 d -1)
β mass units conversion factor (β = 0.001 kg g -1)

Table A5 
Resulting relevant weanling weights wwean and weight gains Δw200 for the calculaton of ME

1992 2000 2010

wwean Δw200 wwean Δw200 wwean Δw200

kg animal -1 g animal-1 d-1 kg animal -1 g animal-1 d-1 kg animal -1 g animal-1 d-1

Angus, German 176   929 183   988 186 1,010

Blonde d’Aquitaine 1,139 215 1,255

Charolais 198 1,088 206 1,154 233 1,422

Galloway 140   628 135   639 144   638

Hereford 175   903 174   904 191 1,059

Highland 134   578 144   564 124   476

Limousin 176   920 187 1,016 198 1,107

Simmental 191 1,043 200 1,114 208 1,197

Uckermärker 203 1,151

Examples of relevant weights and weight gains are listed in 
Table A5. Again, weighted means for the year 2010 are calcu-
lated to be used for the ME assessment using Equation (A11). 

Relevant energy requirements of weanlings
The energy requirements of weanlings at day 210 are the  
total of the respective requirements of calves and young 
beef cattle:

where

MEwean*  ME required for the life-span from birth to wean- 
    ing (in MJ animal -1 ME)
MEcalf*  ME required for the life-span from birth to day 125  
    (MEcalf = 2,875 MJ animal -1 ME)
MEybc*  ME required for the life-span from day 125 to  
    weaning (in MJ animal -1 ME)

MEcalf* is constant and determined according to Dämmgen et 
al. (2013). MEybc* is calculated for the various genotypes using 
MEybs generated according to Equation (A11):

where

MEybc*  ME required for the life-span from day 125 to  
    weaning (in MJ animal -1 ME)
MEybc  ME required for the life-span of young beef cattle  
    (in MJ animal -1 d -1)
twean   time of weaning (in d)
tcalf   final day of calves’ life-span (in d)

∑ ⋅= ∆∆
g

g g w xxX w, n,

∑ = 1 xn, g

(

)

(

)β⋅∆

⋅−++⋅=

200

calfweanbirth125wean )(
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ttwww

*** ybccalfwean +=ME ME ME

ME ( )calfweanybcybc* tt −⋅= ME

(A15)
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Share of milk in calves’ diets
Bauer and Grabner (2012) give an estimate of the share in 
calves’ nutrition of ME that is covered by milk. Their informa-
tion was complemented by the data given in Dämmgen et al. 
(2013) to provide an example estimate over the whole lacta-
tion period. 

Figure A4 
ME intake rate per calf. green: overall ME intake rate;  
red: ME intake rate as milk

In order to get an overall share the area below the green and 
red polygons in Figure A4 were calculated. Their ratio, i.e. the 
fraction of ME intake with milk and the total ME intake is 
0.47 MJ MJ -1. This value is used for the derivation of milk 
yields for all genotypes and all years. 

The milk required for the feeding of calves is then calculated as

(A17)

Ymilk milk yield required to nourish one calf (in kg cow -1)
MEybc* ME required for the life-span from day 125 to wean- 
 ing (in MJ animal -1 ME)
xME share of ME attributed to milk (xME = 0.47 MJ MJ-1)
ηME, milk ME content of milk (ηME, milk = 19.19 MJ kg -1)
ηDM milk dry matter content of milk (ηDM milk = 0.123 kg kg-1)
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Table A6 gives example results.

Table A6 
Modelled milk yields for various genotypes

For 2010, the weighted mean using animal number provided 
for the shares of single genotypes in the overall population 
amounts to 1,501 kg cow -1 a-1. Due to lack of animal numbers, 
it does not include Blonde d’Aquitaine and Uckermärker.
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