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Abstract

The contemporary concern about anthropogenic release of greenhouse gas (GHG) into the
environment and the contribution of livestock to this phenomenon have sparked animal
scientists’ interest in predicting methane (CHa4) emissions by ruminants. Focusing on milk
production, we address six basic nutrition models or feeding standards (mostly empirical
systems) and five complex nutrition models (mostly mechanistic systems), describe their key
characteristics, and highlight their similarities and differences. Four models were selected to
predict milk production in lactating dairy cows, and the adequacy of their predictions was
measured against the observed milk production from a database that was compiled from 37
published studies from six regions of the world, totalling 173 data points. We concluded that
not all models were suitable for predicting predict milk production and that simpler systems
might be more resilient to variations in studies and production conditions around the world.
Improving the predictability of milk production by mathematical nutrition models is a
prerequisite to further development of systems that can effectively and correctly estimate the
contribution of ruminants to GHG emissions and their true share of the global warming event.
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Introduction

The Agricultural Model Intercomparison and Improvement Project (AgMIP?) is an
international endeavour whose purpose is to bring together agricultural modelling
communities with cutting-edge information technology to enhance models’ predictions and to
foster the development of the next generation of models for the agricultural sector.
Rosenzweig et al. (2013) indicated the goals of AgMIP are to improve world food security
(e.g., meat and milk) and to enhance adaptation capacity across different regions of the globe
in light of climate change. Thus, the intercomparison of models’ adequacy in predicting meat

and milk production is an important step.

Recent estimates from the Intergovernmental Panel on Climate Change (IPCC) indicate that
agriculture was responsible for 13.5% of the global anthropogenic greenhouse gas (GHG)
emissions in 2004 (IPCC, 2007). Agricultural methane (CH4) emissions, of which 33 to 39%
is ruminant enteric CH,, accounts for about 60% of the global anthropogenic CH4 emissions
(Moss et al., 2000). Consequently, about 2.7 to 3.2% of global anthropogenic GHG is due to
CH, emissions from ruminant enteric fermentation. To identify potential strategies for
mitigating CH4 emissions to the environment, valid predictions of CH4 emissions by
ruminants (e.g., cattle, sheep, and goats) must be available in order to accurately represent
their share of GHG emissions (Gerber et al., 2013; Hristov et al., 2013; Tedeschi et al., 2011;
Tedeschi et al., 2003).

Several attempts have been made to predict CH4 emissions by ruminants, from simple
empirical relationship regressions (Axelsson, 1949; Blaxter and Clapperton, 1965; Kriss,
1930) to more robust empirical regressions using dietary nutrient intake and composition
(Ellis et al., 2009; Ellis et al., 2007; Jentsch et al., 2007; Moe and Tyrrell, 1979; Moraes et al.,
2014; Ramin and Huhtanen, 2012, 2013; Wilkerson et al., 1995; Yan et al., 2009) to more
complex systems using biochemical pathways and anaerobic fermentation stoichiometry
(Baldwin, 1995; Danfer et al., 2006a; Dijkstra et al., 1992; Gill et al., 1989; Mills et al., 2001;
Pitt et al., 1996) and thermodynamics (Janssen, 2010; Kohn and Boston, 2000). Though
empirical regressions may generally yield more accurate and precise estimates of animal
responses than mechanistic models for practical applications (France et al., 2000), they may
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not be as useful as mechanistic/dynamic systems in understanding the mechanisms underlying
CHy, production and in providing opportunities to discover strategies for mitigating CHa
emissions under different scenarios of production. Benchaar et al. (1998), however, found that
mechanistic models provided greater precision and accuracy than empirical regressions and
that mechanistic models could be calibrated through adjustment factors to yield even better
predictions.

Several attributes of commercial ruminant production poses additional complications to
developing comprehensive mathematical models. The first issue is methodological: the
discrepancy between methods can bias model predictions. For example, the respiration
chamber method measures total CH4 (rumen and hindgut), whereas sulphur hexafluoride (SFe)
method determines rumen CH, only, which does not represent complete recovery of the
ruminant animal’s total CH4 emission, though the difference can be as low as 4% or less for
SFs (McGinn et al., 2006a). A revised methodology for the SFs tracer technique has been
proposed (Deighton et al., 2014). The second issue is statistical: in addition to predictive
errors of mathematical models, the observed data also contains sources of random, unknown
errors. The scientific community does not entirely accept the use of meta-analytical
techniques to overcome this issue because, when predicting CH, emission, one cannot remove
the random errors associated with a random factor (e.g., studies) if its share of the total
variance is considerable. The third issue is related to grazing ruminants: besides the inherent
difficulties in modelling grazing ruminants (Teague et al., 2013), the techniques for measuring
CH, emission in pasture conditions are challenging, even the use of open-path laser scanners
to determine concentrations of CH4 has produced contradictory or incomplete results
(McGinn and Beauchemin, 2012; McGinn et al., 2006b; McGinn et al., 2011; Tomkins et al.,
2011). Though mathematical nutrition models for ruminants can predict animal performance
under different environmental conditions, it is not entirely clear which nutrition model can
adequately predict animal production in different parts of the world.

Most intercomparisons of the adequacy of livestock mathematical models’ predictions of
animal response have been performed only as needed, and few have used guided and
experimentally designed comparisons. Often, model evaluations are perceived as ways to
promote the use of one system over another rather than highlight important gaps and
limitations of scientific knowledge and how to address them. It is very common to find
publications about models that have been “validated”’; when in reality models cannot be
validated in the sense of proving their correctness and utility for future predictions; they can
simply be evaluated on an ad hoc basis (Tedeschi, 2006). For beef cattle, intercomparisons of
livestock ruminant models for the performance of growing animals have been conducted
(Arnold and Bennett, 19914, b), but recent models for beef cattle have not been compared.
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Others have made partial comparisons or critiques of specific elements of nutrition models
(Alderman, 2001; Alderman et al., 2001a, b; Bannink et al., 1997; Dijkstra et al., 2008;
Sauvant, 1996; Sundstgl, 1993; Tedeschi et al., 2013a), but there have been only limited
comparisons about the models’ ability to predict growth or milk yield (MY) in different parts
of the world under distinct production scenarios (e.g., feedstuffs, breeds, management, and
climatic factors). Furthermore, model comparisons for nutrient excretion and GHG emissions
of modern livestock operations are lacking (Tedeschi et al., 2005b), mainly for regions of the
world that produce large quantities of meat and milk to support the livelihood of humans.

The goal of this manuscript was to update and expand the discussion on the evolution and
evaluation of models for milk production by Tedeschi et al. (2014). The first objective is to
provide the evolution and a brief synopsis of important mathematical nutrition models that
can be used to assess animal performance (i.e., milk production) or CH, emission of dairy
cattle production systems in different parts of the world. The second objective is to a show
preliminary comparison of a subset of these mathematical nutrition models on the adequacy of
their predictions of MY. The third objective is to discuss the inclusion of ruminant nutrition
models into modern whole farm models.

Evolution of Nutrition Models

Figure 1 shows the chronological evolution of relevant nutrition models and feeding standard
systems that were developed to facilitate fundamental research as well as on-farm applications
for evaluation and formulation of diets. The models described below are usually classified as
empirical systems and they formed the conceptual basis for the development of more
complex, modern mathematical nutrition models. Appendix 1 has detailed information about
selected nutrition models provided by their developers.

Description of empirical nutrition models

The American model—National Research Council (NRC)

The NRC system is based on the work of the group within the United States Department of
Agriculture (Beltsville, Maryland) studying dairy cattle by using respiration chambers (Moe
etal., 1972; Moe and Tyrrell, 1974; Moe and Tyrrell, 1975; Moe et al., 1970; Moe et al.,
1971; Tyrrell and Moe, 1975a; Tyrrell and Moe, 1975b; Tyrrell et al., 1970) and studies
conducted at the University of California-Davis for growing and finishing cattle by using the
comparative slaughter technique (Garrett et al., 1959; Lofgreen, 1965; Lofgreen and Garrett,
1968; Lofgreen et al., 1962). The first Recommended Nutrient Allowances for Dairy and
Recommended Nutrient Allowances for Beef were published in 1945 (NRC, 1945a; 1945b).
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Figure 1.Chronological evolution of mathematical nutrition models (red boxes) and key references (blue boxes). Year of publication or release is
shown on the left. The green boxes represent models not yet released to the public. The solid line represents a direct relationship of influence,
and the dashed line represents that at least one other version or edition was released in between the marks. References are: (A1) (NRC, 1945a;
NRC, 1945b) (A2) Leroy (1954), (B1) (Blaxter, 1962), (B2) Van Soest (1963a) and Van Soest (1963b), (C1) Nehring et al. (1966), (C2) Lofgreen and
Garrett (1968), (C3) Moe et al. (1970), (D1) Schiemann et al. (1971), (D2) Waldo et al. (1972), (D3) Hoffmann et al. (1974), (D4) Ministry of
Agriculture, Fisheries and Food (1975), (D5) Van Es (1975), (E1) Baldwin et al. (1977), (E2) Baldwin et al. (1980), (F1) France et al. (1982), (F2) Gill
et al. (1984), (F3) Fox and Black (1984), (F4) Conrad et al. (1984), (G1) Danfaer (1990), (H1) lllius and Gordon (1991), (H2) France et al. (1992),
(H3) Russell et al. (1992), Sniffen et al. (1992), and Fox et al. (1992), (H4) Dijkstra et al. (1992), Neal et al. (1992), and Dijkstra (1993), (H5)
Tamminga et al. (1994), (J1) Nagorcka et al. (2000), (J2) Mills et al. (2001), (J3) Fox et al. (2004), (J4) Cannas et al. (2004), (K1) Bannink et al.
(2006), (K2) Bannink et al. (2008), and (L1) Gregorini et al. (2013). RNS is the Ruminant Nutrition System. Adapted from Tedeschi et al. (2014).
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The latest revision of the Nutrient Requirements for Dairy Cattle was released in 2001 (NRC,
2001). Nutrient Requirements for Beef Cattle was published in 1996 (NRC, 1996) and
updated in 2000 (NRC, 2000).

The British model—Agricultural Research Council (ARC)

Van Es (1975) compared the feeding standard systems of dairy cows developed by the
American (Beltsville), German (Rostock), Dutch (Wageningen), and British groups, and
concluded that the starch equivalent system incorrectly evaluated feeds for dairy cows. Van
Es (1975) proposed that the newly obtained information from energy balance trials with dairy
cows should be used instead. The starch equivalent system assumed that the feeding values of
feedstuffs for growing and finishing steers would rank the same when fed to lactating dairy
cows. The first livestock system by the ARC was released in 1965 (ARC, 1965), and it was
substantially revised in 1980 (ARC, 1980). The 1965 publication relied largely on data from
non-lactating ruminants and used the factorial approach (Van Es, 1975). The ARC (1965)
adopted the metabolisable energy (ME) feeding system developed by Blaxter (1962). Later,
the metabolisable protein (MP) was introduced in the ARC (1980). Technical reports
published in 1990 and 1991 by the Agricultural and Food Research Council (AFRC) further
modified the ARC (1980). A revised publication in 1993 incorporated these modifications
(AFRC, 1993). Agnew and Yan (2000) indicated that the main limitations of the ME system
as adopted by the ARC and AFRC publications were the lack of calorimetric data obtained in
the UK and the ancient data used to develop these systems. The MP system of the AFRC
(1993) was based on basal endogenous nitrogen (N) losses at a maintenance level of intake,
and there was no provision to adjust for cows consuming at production level. The Feed into
Milk (FiM) project was developed to overcome these limitations, but it still uses the original
concepts proposed in the 1960s. Agnew and Newbold (2002) provide a more detailed
discussion about the evolution of the feeding systems in the UK.

The German model—Rostock Feed Evaluation System

Jentsch et al. (2003) and Chudy (2006) describe the evolution of the German feeding
standards. Oskar Kellner’s Starch Value System was the main ruminant feeding system until
the twentieth century. It was based on Gustav Kiihn’s methods and the energy metabolism of
adult oxen. Kurt Nehring validated the use of the starch value system to assign energy values
to different feeds, using open-circuit respiration chambers at the Oskar Kellner Institut fur
Tierernahrung of the Academy of Agricultural Science. This research site used four air-
conditioned respiration chambers to study the fundamentals of energy metabolism and
nutrient utilization in farm animals, to apply the results in feed evaluation, and to develop a
complete feed evaluation system (Chudy, 2006). The publications by Nehring et al. (1966),
Schiemann et al. (1971), and Hoffmann et al. (1974) formed the basis of the Rostock Feed
Evaluation System. In 1971, the system was referred to as the “GDR Feed Evaluation
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System,” and seven editions were published until 1989. The most current edition (Beyer et al.,
2003) was revised by Jentsch et al. (2003).

The French model—Institut National de la Recherche Agronomique (INRA)

In France, for a long time, the energy value of feeds and the energy requirements of ruminant
animals were based on the feed unit (FU) system developed in 1954 by André M. Leroy
(Leroy, 1954). In the 1970s, the INRA proposed a new system based on the same principles
adopted by the Netherlands (Van Es, 1978) and Switzerland (Bickel and Landis, 1978),
systems in which the net energy (NE) values of feeds were estimated from ME and from the
partial efficiency of use of ME for maintenance, growth, and lactation. However, it differed in
three aspects: the ME content of feeds was computed from gross energy (GE), the NE content
of feeds was still expressed in FU equivalent, and the energy allowances for growing and
finishing cattle of different breeds were determined using experiments conducted in France
(Vermorel, 1978). These modifications were published by the INRA in its 1978 publication
Alimentation des Ruminants. The INRA updated the French system in 1988 (INRA, 1988)
and 1989 (INRA, 1989). The latest revised publication of the French system was released in
2007 (INRA, 2007).

The Australian model—Commonwealth Scientific and Industrial Research
Organization (CSIRO)

The first publication of feeding standards developed by the CSIRO was released in 1990
(CSIRO, 1990) and revised in 2007 (CSIRO, 2007). These standards are based on the UK
feeding standards (AFRC, 1993; ARC, 1965; ARC, 1980). The CSIRO system (CSIRO,
1990) was the foundation of decision support systems for Australian conditions, named
GrazPlan?, which included models such as GrazFeed, GrassGro, and AusFarm (Donnelly et
al., 2002; Donnelly et al., 1997; Freer et al., 1997; Salmon et al., 2004). Nagorcka et al.
(2000) proposed a more mechanistic and dynamic rumen model that would have included
variables other than substrate types and ruminal pH to improve the description and
accountability of ruminal production of volatile fatty acids (VFA). This model was named
AusBeef, and it is to be included in the GrazPlan suite of models.

The Dutch Feed Evaluation System

As described by Van Es (1978), the energy evaluation system used in the Netherlands was
based on the work of Van Es (1975) with modifications to the calculation of the ME content
of feeds, the maintenance requirement, and the use of FU equivalency, in which one lactation

2 Available at http://www.grazplan.csiro.au
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FU contained 1.65 Mcal of NE for lactation. Until 1991, the protein system was based on the
digestible crude protein (DCP), and in 1994 the DVE/OEB, which is based on the MP
concepts adopted by the INRA (1989), was proposed for inclusion in the Dutch protein
system (Tamminga et al., 1994).

Description of mechanistic nutrition models

The models in the next group are usually classified as mechanistic because they contain
conceptual and mechanistic elements in their logical structure. Some are intrinsically dynamic
while others are static (i.e., time is not a continuous variable), but all of them are
deterministic.

Molly

Molly?® is a dynamic, mechanistic model based on biochemical reactions in animal metabolism
(Baldwin, 1995). However, Molly was not the first mechanistic model; it came after Myrtle
and Daisy (France, 2013), which were conceptualized based on the combination of extant
models of rumen functions (Baldwin et al., 1977; France et al., 1982) and metabolism
(Baldwin et al., 1980; Gill et al., 1984). The Myrtle’s rumen model was developed to address
the nutrient supply of North American diets and the metabolism model was designed to
describe nutrient partitioning and energy balance of lactating cows (France, 2013). Myrtle and
Daisy were described by Baldwin et al. (1987b), Baldwin et al. (1987c), and Baldwin et al.
(1987a). Finally, after six years of improvements and modifications to the code (France,
2013), Baldwin (1995) released Molly. The present research programs in Australia (e.g.,
AusBeef; Nagorcka et al. (2000)) and in New Zealand are in many ways based on Baldwin's
work (he spent two sabbatical leaves there with John Black and Bruce Robson), and Molly's
successors are in active use there (John P. McNamara, personal communication). More
recently, Hanigan et al. (2009) have updated Molly with sophisticated parameters fitting
based on new datasets assembled over the last 20 years. Others other have challenged and
improved the energy and adipose functions of Molly and integrated Molly with a model of
reproductive processes (Boer et al., 2011) to create the first integrated model of nutritional
and reproductive processes, known as Jenny (McNamara and Shields, 2013).

Cornell Net Carbohydrate and Protein System (CNCPS)

The most recent complete version of the CNCPS was published by Fox et al. (2003) and Fox
et al. (2004). It includes both beef and dairy cattle with two levels of solution (L1 and L2).

3 Available at http://www.vmtrc.ucdavis.edu/metabolic
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Modifications have been made to L2 for the Cornell-Penn-Miner Institute (CPM) Dairy as
described by Tedeschi et al. (2008), to CNCPS version 6.0 as described by Tylutki et al.
(2008), and to subsequent CNCPS versions (Van Amburgh et al., 2010; Van Amburgh et al.,
2013; Van Amburgh et al., 2009). The original description of the mechanistic ruminal
fermentation submodel of the CNCPS was published in early 1990s (Fox et al., 1992;
O'Connor et al., 1993; Russell et al., 1992; Sniffen et al., 1992), and additional modifications
and new submodels have been developed since then (Lanzas et al., 2008; Lanzas et al., 2007a;
Lanzas et al., 2007b; Seo et al., 2006; Tedeschi et al., 2002a; Tedeschi et al., 2008; Tedeschi
et al., 2000a; Tedeschi et al., 2005a; Tedeschi et al., 2013b; Tedeschi et al., 2002b; Tedeschi
et al., 2000b; Tedeschi et al., 2001; Tedeschi et al., 2006; Tylutki et al., 1994). Derivative
models have been developed and deployed. CPM Dairy was developed for dairy cattle based
on the computational engine of the CNCPS version 5.0 with additional features (Boston et al.,
2000; Tedeschi et al., 2008) and Chalupa and Boston (2003) provide a historical perspective
on the development of CPM Dairy. Similarly, the Large Ruminant Nutrition System* (LRNS)
is based on the calculation logic of the CNCPS version 5.0. The AMTS.Cattle.Pro® is an
implementation of the CNCPS version 6.1. Like the beef NRC (2000), the LRNS has two
levels of solution: the L1 uses empirical equations to compute total digestible nutrients
(TDN), ME, NE, and MP whereas L2 uses the fractionation of protein, fractional rates of
ruminal degradation and ruminal passage, microbial crude protein (MCP) using the microbial
growth submodel (Russell et al., 1992; Tedeschi et al., 2000b), and intestinal digestibility to
compute MP. The MCP yield is predicted by two groups: those that grow slowly on fibre
carbohydrates (FC) and those that grow more rapidly on nonfibre carbohydrates (NFC). Each
feed carbohydrate (CHO) fraction (A is sugars, B1 is starch and pectins, B2 is available
neutral detergent fibre (NDF), and C is unavailable fibre) and protein fraction (A is
nonprotein N (NPN), B1 is soluble true, B2 is non-cell-wall, B3 is available cell wall, and C
is unavailable cell wall) has its own fractional degradation rate (kd). Undegraded fractions
flow out of the rumen with either the solid or the liquid passage rate (kp). CNCPS version 6.0
(Tylutki et al., 2008) expanded the CHO fractions were expanded to provide separate pools
for organic and volatile fatty acids and soluble fibre, as documented by Lanzas et al. (2007a),
and to provide new kp empirical equations developed by Seo et al. (2006). In CNCPS version
6.1 (Van Amburgh et al., 2010), peptides were shifted from the NPN to the soluble protein
fraction that degrades with a reduced kd, and the liquid kp is used to predict the proportion of
this fraction that passes undegraded from the rumen, as documented by Lanzas et al. (2008).

4 Available at http:/nutritionmodels.tamu.edu/Irmns.html or http://nutritionmodels.com/Irms.html

5 Available at https://www.agmodelsystems.com/AMTS/cattlepro.php
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Ruminant

This model was first described by Herrero (1997) and the latest complete description
presented in Herrero et al. (2013); it is largely based on the work of Illius and Gordon (1991),
Sniffen et al. (1992) and AFRC (1993). It consists of a dynamic section that estimates intake
and the supply of nutrients to the animal from the fermentation kinetics and passage of feed
constituents (carbohydrate and protein) through the gastrointestinal tract and their subsequent
excretion, whereas another section determines their nutrient requirements using well
recognised principles. Feeds are described by four main constituents: ash, fat, carbohydrate,
and protein. These are divided into soluble, insoluble but potentially degradable, and
indigestible fractions. Carbohydrate fractions represent non-structural carbohydrates
(solCHO), potentially digestible cell wall, and the indigestible residue. For concentrate feeds,
the proportion of starch in the solCHO is also used. Starch and fat in forages are almost
negligible, but they may be important fractions in grains. The protein fractions are the same as
those estimated in the MP system (AFRC, 1993), with the difference that their representation
in this model is dynamic. The pools of digested nutrients obtained from the model are used to
calculate the supply of nutrients to the animals. The model takes as inputs the quantities of
fermentable nutrients available in a particular time step and returns as outputs the products of
fermentation. The inputs are fermentable carbohydrate separated into simple sugars, starch,
and cell wall material; fermentable N separated into ammonia and protein; and lipid, each
summed across the various feed constituents, together with the microbial pool size. The
outputs are the quantities of new microbial matter, the individual VFA, CH4, ammonia, and
unfermented carbohydrates. It is assumed that there is only a single pool of microorganisms
of fixed composition. The microbial maintenance requirement was set at 1.63 mM of ATP per
gram of microbial dry matter (DM) per hour. The quantities of individual VFA and CH4
produced are calculated according to the quantities of different substrates fermented. There is
no fixed upper limit to the quantity of microbial matter produced; the lower limit is zero
growth. If fermentable N supply limits the amount of fermentable carbohydrate that can be
used, unfermented carbohydrate is returned to the appropriate rumen pool, thus reducing the
effective rate of carbohydrate fermentation. The model is generic and can simulate animals of
different bodyweights because of the incorporation of allometric rules for scaling passage
rates. The model also includes explicit protein—energy interactions, feeding level effects on
passage rates, and pH effects on cell wall degradation rates. These aspects are essential for
predicting stoichiometry changes, the effect of different supplementation regimes, and the
substitution effects of forages and concentrates. This model has been used in a number of
systems analysis studies of feeding strategies for ruminants (Castelan-Ortega et al., 2003;
Herrero et al., 1999), herd replacement decisions (Vargas et al., 2001), trade-offs in
smallholder systems (Waithaka et al., 2006), greenhouse gas emissions an mitigation
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strategies in livestock systems (Bryan et al., 2013; Havlik et al., 2014; Herrero et al., 2013;
Herrero et al., 2008; Thornton and Herrero, 2010).

Dutch Tier 3

The rumen fermentation models developed by Baldwin et al. (1977) and Black et al. (1981)
had limitations. The model by Beever et al. (1981) was unable to predict duodenal flow of
protein diets when low protein content were simulated, and the model by Baldwin et al.
(1987c) could not describe fibre fermentation of high-concentrate diets. An attempt to modify
these models and improve the predictions of VFA production in the rumen culminated in the
development of another model that was described by Dijkstra et al. (1992) and evaluated by
Neal et al. (1992), which led to the development of the Amino Acid and Nitrogen Supply Jolly
Estimator (ANSJE) model (J. Dijkstra, personal communication). Subsequently, Mills et al.
(2001) added an empirical representation of digestion occurring in the small intestine and a
mechanistic representation of fermentation occurring in the hindgut. They also included the
prediction of CH4 production, including new coefficients for VFA formation that Bannink et
al. (2006) obtained from data on lactating cows alone. After these modifications to the
original ANSJE model, a computer interface was added, creating COWPOLL, a decision
support tool for evaluating dairy cow diets for their pollution impact. Later, Bannink et al.
(2008) developed a more mechanistic approach that made the formation of VFA in the rumen
dependent on pH. Simultaneously, they developed a model describing the absorption of VFA
across the rumen epithelium and metabolism of VFA therein. Concurrently to ANSJE,
Dijkstra (1994) developed a rumen model with specific focus on the representation of the
presence and activity of protozoa: Protozoa and Acid Metabolism Estimator; a Lift to ANSJE
(PAMELA,; J. Dijkstra, personal communication), but this version has not been incorporated
into the COWPOLL fermentation model. PAMELA was evaluated by Dijkstra and Tamminga
(1995). Since 2005, the model published by Mills et al. (2001), which included the VFA
formation of Bannink et al. (2008) (which itself replaced that of Bannink et al. (2006)), has
been used as a Tier 3 approach to estimating CH4 emission in dairy cattle for the national
inventory report in the Netherlands (Bannink et al., 2011). It is commonly called “Dutch Tier
3”. In recent years, further modifications have been made to the rumen and large intestine
models, a mechanistic version has been developed for the small intestine submodel, and
calculations on manure production and composition have been added. These modifications
have not yet been made public (A. Bannink, personal communication).

Karoline

The dairy cow model Karoline, a dynamic and mechanistic model component of the Nordic
feed evaluation system NorFor (Volden, 2011), allocates the feed CHO into eight fractions:
forage indigestible NDF (iNDF), forage potentially digestible NDF (pdNDF), concentrate
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iNDF, concentrate pdNDF, starch, lactic acid, VFA (acetic, propionic, and butyric acids), and
a heterogeneous remainder pool that is calculated by subtracting CHO, crude protein (CP),
and ether extract (EE) from organic matter (OM), and that most likely contains water-soluble
CHO, pectic substances, plant organic acids, and alcohols produced during the silage
fermentation process (Danfer et al., 2006a). The feed CP is separated into six fractions:
ammonia N, free amino acids, peptides, soluble true protein, insoluble protein, and potentially
indigestible protein (Danfzr et al., 2006a). The feed fat is converted to fatty acids from feed’s
EE by using different equations for forage and concentrate feedstuffs (Danfer et al., 2006a).
Karoline allows the user to modify the ruminal kd for forage and concentrate pdNDF, starch,
and insoluble true protein, but the other fractions are fixed. Danfar et al. (2006b) indicated
that Karoline’s prediction errors for some digestion variables were smaller than those
obtained with the Molly model (Baldwin, 1995) as evaluated by Hanigan et al. (2013).
Karoline adopted a two-pool ruminal kinetics with selective fibre retention for CHO and a
three-pool ruminal kinetics with selective insoluble protein retention for protein as described
by Danfar et al. (2006a) and schematized in Figure 2. A selective retention model is used to
mathematically account for escapable and non-escapable pools in the rumen (Allen and
Mertens, 1988; Mertens, 1989, 2005). The non-escapable pool can only be degraded (i.e.,
digested) or transferred to another pool, but it cannot escape the rumen, so it represents an
intermediate step before escaping ruminal fermentation. There is some evidence that selective
retention models more adequately mimic the ruminal kinetics of forage (Huhtanen et al.,
2006; Mertens, 1993), concentrate (Mambrini, 1997; Wylie et al., 2000), and starch (Tothi et
al., 2003), but the need to obtain an additional fractional rate of release from one pool to
another has be taken into account. Karoline also contains a hindgut model that behaves
similarly to the rumen model but is simpler. Karoline’s prediction of CH4 is based on pool
size of fermentable substrates and anaerobic fermentation kinetics (Sveinbjornsson et al.,
2006).
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Intercomparison of Model Predictions for Milk Production

The models selected for this preliminary comparison were the LRNS version 1.0.30 (solutions
L1 and L2), NRC® (2001) version 1.1.9, and Molly. Whenever available, the model-predicted
MY was the least between the energy-allowable MY or the protein-allowable MY.

Description of the study database

A database was developed to compare the adequacy of selected nutrition models in predicting
MY of dairy cows from six distinct regions around the world—Africa, Asia, Europe, Latin
America, North America, and Oceania—based on their animal production characteristics:
types of feeds (e.g., silage-based, pasture), feeding system (intensive versus extensive), type
of cattle (e.g., Holstein-based, crossbreds), level of intensification, and animal management,
among other factors. The database comprised of 50 scientific papers published in peer-
reviewed journals from 1992 to 2014 (Abdullah et al., 2000; Alvarez et al., 2001; Assis et al.,
2004; Auldist et al., 1999; Bargo et al., 2001; Chantaprasarn and Wanapat, 2008; Chen et al.,
2008; Colmenero and Broderick, 2006; Danes et al., 2013; Dey and De, 2014; Erasmus et al.,
2013; Erasmus et al., 1992; Erasmus et al., 1994; Erasmus et al., 1999; Erasmus et al., 2004;
Fatahnia et al., 2008; Grainger et al., 2010; Greenwood et al., 2013; Guo et al., 2013; Heard et
al., 2007; Heard et al., 2004; Irvine et al., 2011; Jesus et al., 2012; Kalscheur et al., 1999;
Khezri et al., 2009; Kokkonen et al., 2000; Lehmann et al., 2007; Liu et al., 2008; Lunsin et
al., 2012; McCormick et al., 2001a; McCormick et al., 2001b; Meeske et al., 2009; Moallem,
2009; Moharrery, 2010; Mosavi et al., 2012; Murphy, 1999; O'Mara et al., 1998; O’Mara et
al., 2000; Oguz et al., 2006; Petit and Gagnon, 2011; Piamphon et al., 2009; Sanh et al., 2002;
Suksombat and Chullanandana, 2008; Sun et al., 2009; Vafa et al., 2012; Valizadeh et al.,
2010; Walker et al., 2010; Yalgin et al., 2011; Yan et al., 2011; Yarahmadi and Nirumand,
2012). The database contained 173 observations (19 for Africa, 45 for Asia, 16 for Europe, 12
for Latin America, 44 for North America, and 37 for Oceania) with the minimum information
needed for simulation, such as animal and feedstuff characteristics, dry matter intake (DMI),
and milk composition and production. Common feedstuff and animal databases were
developed, and functions were created to import and export the data from one model to
another using R (R Core Team, 2014).

¢ Available at https://nanp-nrsp-9.org/nrc-dairy-model
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Description of the feedstuff information

The feedstuff database contained 173 records obtained from the studies. Missing information
on needed dietary composition was obtained from the LRNS feed library, NRC (2000, 2001)
feed libraries, American and Canadian tables of feed composition (NRC, 1982), and the
Brazilian feedstuff composition repository’. The 10 most common feeds were finely ground
dry corn, finely ground soybean meal, corn silage, barley grain, urea, wheat bran, beet pulp
shreds, fishmeal, blood meal, and corn gluten. Table 1 summarizes the statistics of the main
feed nutrients. Some specific mixes had to be created in order to maintain all ingredients used
in the dataset.

Table 1. Descriptive statistics of the feedstuff and dietary chemical compositions and

animal characteristics

Items? Median Mean SD?! Range Quartiles
Min Max 25% 75%
Diets
DM, % as-fed 52.0 572 16.6 344 90.1 45.7 69.7
Fat, % DM 4.3 4.5 1.7 1.8 113 3.2 5.2
Ash, % DM 8.4 8.1 1.6 43 114 7.0 9.2
CP, % DM 18.0 18.2 28 101 255 16.3 20.2
Soluble CP, % CP 35.0 34.4 6.7 215 56.0 289 384
NPN, % CP 56.5 541 219 174 978 29.6 695
NDFIP, % CP 14.9 16.0 51 6.0 309 125 185
ADFIP, % CP 6.0 5.8 3.0 20 194 3.1 7.2
Starch, % NFC 70 675 148 27.2 93.7 59.0 789
NDF, % DM 35.8 349 58 222 46.8 30.3 38.7
Lignin, % NDF 8.5 8.3 2.5 36 134 6.3 11.0
Feedstuffs
DM, % as-fed 90 79.7 269 11.3 100 86 97
Fat, % DM 2.6 6.8 18.3 0 100 0.2 3.9
Ash, % DM 7.5 248 37.0 0 100 4.0 133
CP, % DM 13.5 254 44.0 0 281 58 26.8
Soluble CP, % CP 21.0 26.4 249 0 100 4.0 40.0
NPN, % CP 55.0 46.4 40.1 0 100 0 89.0
NDFIP, % CP 8.0 119 135 0 75 0 18.0
ADFIP, % CP 2.0 3.9 55 0 65 0 6.4
Starch, % NFC 64.0 54,0 39.9 0 100 0 90.0

7 Available at http://cqbal.agropecuaria.ws/webcqgbal/index.php
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Items? Median Mean SD! Range Quartiles
Min Max 25% 75%

NDF, % DM 15.1 214 203 0 789 O 37.8
Lignin, % NDF 4.3 6.0 6.4 0 307 O 104
Animals
SBW, kg 567 555 66.4 345 660 522 598
DM, kg/d 19.1 191 35 9.1 275 173 221
DIM, days 100 114 647 30 265 60 150
MY, kg/d 26.3 264 83 76 45 19.7 327
Milk fat, % 3.7 3.7 05 23 50 34 41
Milk protein, % 3.0 3.1 03 24 39 29 33

DM = dry matter, CP = crude protein, NPN = nonprotein nitrogen, NDF = neutral detergent fibre, NDFIP = NDF
insoluble protein, ADFIP = acid detergent fibre insoluble protein, NFC = non-fibre carbohydrate, SBW = shrunk
body weight, DMI = DM intake, DIM = days in milk (i.e., days after calving), MY = milk yield, and SD = standard
deviation.

Most of the values for kd of the protein and carbohydrate fractions, as well as for mineral and
vitamin compositions, were from the LRNS feed library. The approach adopted by Hanigan et
al. (2006) was used to obtain the nutrients and fractions needed by Molly, and the ME
inputted was the ME predicted by the L1 solution of the LRNS. The feedstuff DMI was
calculated as the dry matter (DM) percentage of each feedstuff multiplied by the observed
DMI. The data was only used if it was possible to compute DMI for animals with ad libitum
access to feeds.

Description of the animal information

All animal information provided in the studies was used as inputs. However, when relevant
information such as mature body weight was not available from the studies, the LRNS default
values for each breed were used. When no information was available for pregnancy days and
days since calving, values such as less than 100 days and more than 60 days, respectively,
were inputted to avoid conflict. Thus, significant pregnancy requirements and negative energy
balance were not accounted for. For Molly, the udder cell parameter was estimated as
suggested by Palliser et al. (2001) as 179.1 x e%953*MY 'in which MY is mature daily peak
milk yield (L/d). Not enough information was provided to account for the effect of body
weight and body condition score changes on predicted MY (Tedeschi et al., 2006). Table 1
summarizes the statistics of the animal characteristics.
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Assessment of model adequacy and regressions

The adequacy of the models was assessed by using the Model Evaluation System?®. The
models were compared on the following statistics were used: mean bias (MB); concordance
correlation coefficient (CCC); model accuracy (Cb); model precision (r?); mean square error
of prediction (MSEP) and its decomposition into mean bias, systematic bias, and random
errors; and MSEP square root (RMSEP) (Tedeschi, 2006). Statistical analyses were conducted
with R version 3.1 (R Core Team, 2014) and graphics were generated with the ggplot2
package (Wickham, 2009). Linear regressions used observed values as the dependent variable
(Y-axis) and the predicted values as the independent variable (X-axis), and the ordinary least
square linear regressions were obtained with the Im function (R Core Team, 2014). For
random coefficient models, studies were assumed to be a random effect, and the parameter
estimates were obtained with the generalized linear mixed-effects regressions using the Ime
function of the nlme package (Pinheiro et al., 2014). The variance components of the random
coefficient models (i.e., random errors and study errors) were estimated using a diagonal
positive-definite matrix constructor and only a random intercept parameter was fitted.

Results of the Model Intercomparison

Figure 3 has the boxplots of the residue of observed minus predicted MY for each model and
region. Models had different MY residue distribution, and mean and median values across
regions, but the MY residue for North America were the most consistent with the least
variation. The MY residue for Latin American had the largest variations. Figure 4 depicts
scatter plots between observed and predicted MY using the selected nutrition models. There
was a disproportionate number of studies that had adequate information to execute the
selected nutrition models. Quantitative information of feed nutrition models has long been
lacking (Arnold and Bennett, 1991b; Sauvant, 1996), and the problem persists today. Most
mechanistic models are detail-oriented systems that attempts to account for as many
biological concepts and relational structures as possible. This poses a problem when
evaluating these models: the needed information may not be available at all times for all
production conditions. In fact, the levels of aggregation differs significantly among nutrition
models for lactating ruminants (Sauvant, 1996). Model reduction techniques, such as the
replacement of model variables with constants, might be an alternative for situations in which
complex models have to be used with limited information (Crout et al., 2009). In fact, the
simplest of the models selected for this study, LRNS L1, seemed to have the best graphical
representation (i.e., less scatter around the Y = X line; Figure 4).

8 Available at http:/nutritionmodels.tamu.edu/mes.html or http://nutritionmodels.com/mes.html
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Observed - predicted milk yield, kg/d
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Figure 3. Boxplots of observed minus predicted milk yield (kg/d) for five models (Large Ruminant Nutrition System (LRNS) using solution levels 1 and
2, NRC (2001), and Molly) for six regions around the world (Africa, Asia, Europe, Latin America, North America, and Oceania). The box represents
the first and third quartile, the whiskers (vertical lines) represent the minimum and maximum values, the horizontal line within the box represents

the median, the asterisk represents the mean, and the solid dots represent outliers.
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Each model has a distinct predictive behaviour, their direct comparison difficult and
incomplete. This finding agrees with previous comparisons between CNCPS-based and
Molly-based nutrition models (Kohn et al., 1994). These two models differ substantially in
their modelling scope (i.e., applied versus biochemical) and logical structure (i.e., dynamic
versus empirical)
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Figure 4. Relationship between observed milk yield (Y axis) and study-unadjusted
predicted milk yield (X axis) by the Large Ruminant Nutrition System (LRNS) using
solution levels 1 (A) and 2 (B), NRC (2001) (C), Molly (D), and Ruminant (E) for data
collected from six regions around the world (Africa, l; Asia, @; North America, A;
Europe, [, Latin America, O; and Oceania, /). Studies are represented by different
colours and linear trendlines. The dashed line represents the linear regression of all
data points and the shaded area represents the 95% confidence interval of the linear

regression. The solid diagonal line represents the Y = X line.
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Table 2 lists the statistics of the models’ adequacy in predicting MY. When study
effect was not considered (i.e., data points within studies were assumed to be uncorrelated),
MB varied from -4.06 (Molly) to 0.87 (LRNS L1) kg/d, and the RMSEP ranged from 5.6
(LRNS L2) to 8.07 (Molly) kg/d. These results suggest that, depending on the nutrition model
used, a single-point prediction of MY might be between +5.6 and £8.07 kg/d different from
the observed MY, but on average it can vary from -4.06 to 0.87 kg/d. Model precision (i.e.,
r2) was low to moderate and varied from 0.55 (Molly) to 0.69 (NRC, 2001). Although model
accuracy (i.e., Cb) was high (> 0.88), the CCC was high for NRC (2001) (0.81), moderate for
LRNS L2 (0.77) and LRNS L1 (0.79), and low for Molly (0.66) due to low model precision.
The inadequacy of these models’ predictions (i.e., MSEP) was mostly due to random errors
for LRNS L1, LRNS L2, and NRC (2001), whereas MB was 25.4% of MSEP for Molly.
These diagnostics are not that different from those reported by Tedeschi et al. (2008), who
evaluated the CPM Dairy model with data on high-producing dairy cows. They found an r2 of
0.798, CCC of 0.89, Cb of 0.997, and RMSEP of 5.14 kg/d. Tylutki et al. (2008) evaluated
CNCPS version 6.0 and reported improved statistics compared to ours (e.g., r2 > 0.847, CCC
> 0.918, and RMSEP < 4.5 kg/d). Their evaluations indicated greater model accuracy and
precision most likely because their dataset was more homogenous and their feedstuffs were
standard and came with detailed physicochemical descriptions. For grass-based diets, Dijkstra
et al. (2008) compared the dietary energy value predicted by the AFRC, FiM, the Dutch NE
system, and a version of the Dutch Tier 3 model. They reported that the Dutch Tier 3 model (a
mechanistic model) was more precise and accurate than the other three models (which,
essentially, were empirical, static models). Others have found that empirical, static models
can also predicted dietary energy values accurately (Kaustell et al., 1997).

For each graph in Figure 4, the inconsistency in the direction of the linear trendlines within
studies suggests that the models were not accurate (and maybe not precise) within studies in
predicting MY. Some study linear trendlines even have directions opposite to the Y = X line
mark, indicating that as observed MY increased, models predicted less MY, or vice-versa. For
other studies, a model predicted a change in MY, but observed MY was constant. In fact,
most of the random variation (> 66%) was due to study effects (Table 2). This suggests that
the lack of adequate inputs caused incomplete representation of the production scenarios, and
that the models were unable to simulate the data because important variables were not part of
the model or simply because the considerable variation within each study limited the
predictability of MY. Other factors were likely not accounted for, such as inability to account
for the impact of changes in body condition score on MY (Tedeschi et al., 2006). More
complex models exist to predict such changes (Tedeschi et al., 2013b), but they would require
even more specific inputs.
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Table 2. Model adequacy statistics and variance component analysis of five models’ predictions of milk yield"

Statistics Milk yield not adjusted for study effect Milk yield adjusted for study effect
LRNS NRC Molly LRNS NRC  Molly
Level 1 Level2  (2001) Level 1 Level2 (2001)
N 173 173 173 164 173 173 173 164
Mean (kg/d)
Predicted (X) 25.5 28.1 27.9 30.1 25.5 28.1 27.9 30.1
Observed (Y) 26.4 26.4 26.4 26.1 26.2 26.2 26.1 25.4
MB (kg/d) 0.87 -1.72 -1.49 -4.06 0.63 -1.88 -1.78  -4.75
r2 0.68 0.63 0.69 0.55 0.85 0.84 0.84 0.93
ccc 0.79 0.77 0.81 0.66 0.85 0.86 0.86 0.77
Cb 0.96 0.98 0.98 0.88 0.92 0.94 0.94 0.80
MSEP
Root (kg/d) 6.21 5.6 5.38 8.07 5.04 3.95 4.29 6.35
MB (%) 1.95 9.39 7.72 25.4 1.56 22.8 17.2 55.9
Slope (%) 40.8 9.36 18.1 29.9 69.1 32.9 42.8 36.2
Random (%) 57.3 81.3 74.2 44.7 29.3 44.3 39.9 7.87
Variances (kg?/d?)
o? (OLS) 22.3 25.9 21.7 29.5 7.53 6.98 7.44 3.21
02 + 02,4y (GLS) 27.9 27.8 27.2 37.9 - - - -
62%5tudy (GLS) 18.7 19.3 18.1 33.9 — — — —
% of 62 + 0%ay 67.0 69.2 66.5 89.4 — — — —

' MB = mean bias, CCC = concordance correlation coefficient, Cb = model adequacy, MSEP = mean square error of prediction, OLS
= ordinary least squares (using linear models, LM), GLS = generalized least squares (using linear mixed-effects model, LME), LRNS
= Large Ruminant Nutrition System, NRC = National Research Council.



When the observed MY was adjusted for the random effects of studies (Table 2) using the
random coefficient models with variance components for intercept and slope, as expected, the
model precision increased (> 0.84), CCC increased (> 0.77), and RMSEP decreased (< +£6.35
kg/d). These statistics are more similar to those reported by Tedeschi et al. (2008), who also
had previously adjusted MY for the random effects of studies.

Whole-Farm Modelling

The animal module of process-based whole-farm models that is used to estimate the flow of
elements (e.g., C, N, and P) has posed an enduring model development challenge mainly for
those systems that deal with grazing conditions. This challenge is caused by the intrinsic
problem of estimating the amount and quality of the forage consumed by the animal. Several
whole-farm simulation models have been developed and their animal modules differ
considerably. Examples of whole-farm models include Agricultural Production Systems
Simulator (APIM®) (Moore et al., 2007), Australian Dairy Grazing Systems (DairyMod)
(Johnson et al., 2008) and Sustainable Grazing Systems (SGS) (Johnson et al., 2003) (both
collectively referred to as AgMod*®), DairyNZ Whole Farm Model, Discrete Event
Simulation Environment (DIESE) (Martin-Clouaire and Clouaire, 2009), EcoMod (Johnson et
al., 2008), Farm Assessment Tool (FASSET!?) (Berntsen et al., 2003), Great Plains
Framework for Agricultural Resource Management (GPFARM) (Andales et al., 2003),
GRAZPLAN (Donnelly et al., 1997; Moore et al., 1997), Hurley Pasture Model (HPM),
Integrated Farm System Model (IFSM*?) (Rotz et al., 2005; Rotz et al., 1999), LINCFARM,
Pasture Simulation (PaSim*®) (Graux et al., 2011), PROGRASS, and Whole Farm Model
(WFM) among many other systems. Bryant and Snow (2008) reviewed nine pastoral
simulation models (APSIM, EcoMod, FASSET, GRAZPLAN, GPFARM, HPM, IFSM,
LINCFARM, and WFM) and concluded that there was a need to include pests and diseases on
pasture production as well as improved animal performance predictions, including a more
mechanistic model for voluntary feed intake and ruminal fermentation processes. More

® Available at http://www.apsim.info/

10 Available at http://www.imj.com.au/consultancy/index.html

11 Available at http://www.fasset.dk/

12 Available at http://www.ars.usda.gov/SP2UserFiles/Place/19020000/ifsmreference.pdf

13 Available at https://www1.clermont.inra.fr/urep/modeles/pasim.htm
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recently, Snow et al. (2014) provided a brief summary of six of these models (APSIM,
AgMod, DIESE, FASSET, GRAZPLAN, and IFSM) and compared their different approaches
to model forage mixtures in the paddocks, animal-forage interactions, N transfers by the
animal in the paddocks, management of the whole farm, and future prospects. They also
provided ideas and solutions for the imminent limitations of these six models. Del Prado et al.
(2013) indicated that whole-farm models are the appropriate scale for mitigating GHG
emissions because the farm represents the unit at which management decisions are made.
They analysed different approaches for modelling GHG. Most of these reviews discussed the
strengths and drawbacks of whole-farm models, but there is a lack of model intercomparison
under different production systems.

Based on our intercomparison of ruminant nutrition models and the complexity of whole-farm
models, our recommendation is that simple models such as the level 1 solution of the LRNS
are used with whole-farm models to predict GHG emissions. More complex nutrition models
can be implemented into whole-farm models if additional needed information is available and
the complexity of the model does not impede or bias the interpretation of the simulations.

Conclusion/recommendations

In the first part of this manuscript, we highlighted that though mathematical nutrition models
share similar assumptions and calculations, they have different conceptual and structural
foundations inherent to their intended purposes. A direct comparison among these models was
further complicated by the different models requiring unique inputs that are very often not
available, and the low reliability of the inputs prevents an unbiased assessment of the models’
predictions. Very few studies have collected the necessary information to run more
mechanistic systems, and users have to rely on standard information to simulate MY using
many models. Study effect was a critical source of variation that limited our ability to
conclusively evaluate the models’ applicability under different scenarios of production around
the world. Only after study variation was removed from the database did the adequacy of the
models’ predictions of milk production improve, but deficiencies still existed. Based on these
analyses, we conclude that not all models are suitable for predicting milk production and that
simpler systems might be more resilient to variations in studies and production conditions
around the world. Improving the predictability of milk production by mathematical nutrition
models is a prerequisite to further development of systems that can effectively and correctly
estimate the contribution of ruminants to GHG emissions and their true share of the global

warming event.
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Ruminant Nutrition Models

Model: AusBeef Active: X Yes, [1 No

About the software:

Questions Responses

Development information:
Developed by Barry Nagorcka
Year of first developed 2000
Year of last modification 2003
Current version (major, minor, revision) Major
Country developed Australia
Used in which countries? Australia
Has the model been independently evaluated? RS
Retail and support information:
Marketed by (name) CSIRO
Phone +61 7 3214 2929
Website
Currency and price Licensing arrangements as requested
Format (downloadable, CD, DVD)
How often are updates available?
Maintenance cost (annual, monthly)
Supported by (technical/customer support) Technical advice available from staff
Form of support (email, phone, face-to-face) eMail

About the model usability: (1=very simple/easy ... 5 = very difficult)

Level of technical/nutritional knowledge required:
O 1/None OZ/ Low @3/ Intermediate O4/ High OS/Advanced

Ability/readiness of the software/model to be used for climate change simulation:
Ol/None OZ/Low O3/Intermediate @4/High OS/Advanced

Ability/readiness of the software/model to be used for sustainability/long-term simulation:
1/None OZ/ Low O3/ Intermediate @4/ High OS/Advanced

Ability/readiness of the software/model to be used for Life Cycle Analysis:
Ol/None @2/ Low O3/Intermediate O4/ High OS/Advanced

Ability/readiness of the software/model to be used as Object-Oriented Module (integration):
Ol/ None OZ/ Low @3/ Intermediate O4/ High OS/Advanced

Ability/readiness of the software/model to be used for greenhouse gas (methane) production:

O 1/None O 2/Low O 3/Intermediate O 4/High @ 5/Advanced

Ability/readiness of the software/model to be used for nutrient excretion (e.g., N, P):
1/None OZ/ Low O3/ Intermediate O4/ High @5/Advanced
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About the model characteristics:
IS the model based ona previous model or publications? Which? Modelling Nutrient Utilization in Farm Animals(2000) Ch3 nagorcka et al.

What is the programming language of the model and the software? VisSim

What is the nature of the model: [] deterministic or [ stochastic, [J empirical or [XImechanistic,
[ static or [ dynamic, [ continuous or [ discrete, [J homo-spatial or [ hetero-spatial, others

Recommended for use by: [1 farmers/producers, [*] nutritionists/consultants, [ veterinarians,
[x] research/scientists, [*] teaching/student, [] extension/outreach, L] others

What are the objectives/purposes of the model?

AusBeefmakespredictionsaboutthe performancef feedlotcattleusingbasicinformationaboutthe stockandfeedsthey
areoffered.lts goalis to assistot managersndnutritionistsin theformulationof rationsandthedevelopmenof feeding
strategiesthatimproveanimalperformanceleadto a desiredean/fatratio, reducefeedcosts,andreduceeffluent
production.

Specific description of the model (animal species, physiological stages, rumen/ intestinal/metabolism
submodels, levels of solution, lactation, growth, pregnancy, maintenance, body reserves,
energy/protein calculation):

AusBeefpredictsthe performancef cattle.A diagramof the modelcomponentss pastedn
laterin this document.

How is feed intake predicted?
Voluntaryfeedintakebasedn feedbackrom levelsof metabolitegpredictedn blood.

What are the input requirements (characterization) for animal, feeds, environment, others

1. Describethefeedlot

2. Describethecattle

3. Describetherations

4. Describethe pens(housing)
5. Describethefeedingstrategy
6. Describesalesmarkets

7. Selectreportoptions

8. RunSimulation
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Please provide more detailed information about the model engine and functions, user interface
(graphical, command, oriented), and specify key input parameters and outputs. For example, it is
important to know if the model predicts methane and how, manure output (urine + feces, or
separate), mineral and vitamin requirements, animal species and types, etc.

Userinterfaceis a seriesof tabulatedsheets

Inputtabs

Feedlot(Simulationtitle andfeedlotoperationatostsif required)
Cattle(Breed,Sex,framescore age,conditionscore Jlive weight,numberof animals,economic
valuesif required)

Rations(Selectfrom extensivedatabaseSpecificregionalinformationon manyfeedgrains
from differentregionsof Australia.Also ForagesSilages ProteinsourcesFatsandoils,
non-proteimitrogen,By productsmineralsupplementsanimalderivedproducts userdefined
feeds(noin database)jSubtabspecifymix compositionchemicalpropertiesof ingredient,
volatile chemicalsaminoacid composition,fattyacid composition physicalpropertieqflaked
etc),minerals)

Pen(Floor area,Climate;temperaturehumidity, wind speedmuddepth,shadedarea)
Feedingstrategy(Time of feedingeachdefinedration, Feedingmethod(daily event,adlibitum
etc))

Markets(Economicvaluesrequiredif simulationto be costed)

Outputs

Tablesummarizingoody compositionat endof simulation
Tablesummarizinganimalperformancdor eachfeedingperiod
Tableandchartshowingfeedconsumedachday
Tableandchartshowinganimalbody composition(live weight,caracasaveuight,leanprotein,
visceraproteinandbodyfat)

Growthratesof eachbodycomponent

Conversiorefficviency

Digestionrates

Absorptionrates

Amino acidlimitations

Rumenstate(pH, sizeof microbialpopulationsconcentrationsf VFAS)
Effluents(NitrogenandMethane)
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Please provide references pertinent to the development, evaluation, or application of the model.

Referencerovidedaboveis the only formal reference.
Otherdocumentatiomesideswithin CSIRO
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Ruminant Nutrition Models

Model: Biopara-Milk Active: X Yes, [1 No

About the software:

Questions Responses

Development information:
Developed by DR N. S.JessofBioparametric4 td.
Year of first developed 2006
Year of last modification 2013
Current version (major, minor, revision) 2.69
Country developed UnitedKingdom
Used in which countries? UK, Eire, Poland
Has the model been independently evaluated? RS
Retail and support information:

Marketed by (name) Biopara-Milk
Phone +44131667-6433

Website http://www.bioparametrics.com

Currency and price Annuallicense£500with trainingandusergroupmembership
Format (downloadable, CD, DVD) Downloadable

How often are updates available? Quarterly

Maintenance cost (annual, monthly) Annual £2000

Supported by (technical/customer support) Technicalandusersupport

Form of support (email, phone, face-to-face) Email, phone andfaceto face

About the model usability: (1=very simple/easy ... 5 = very difficult)

Level of technical/nutritional knowledge required:
( )1/None (e)2/Low ()3/Intermediate @4/High ( )5/Advanced

Ability/readiness of the software/model to be used for climate change simulation:
@1/None @Z/Low @3/Intermediate @4/High @5/Advanced

Ability/readiness of the software/model to be used for sustainability/long-term simulation:
@ 1/None @ 2/Low @ 3/Intermediate @ 4/High @ 5/Advanced

Ability/readiness of the software/model to be used for Life Cycle Analysis:
@1/None @2/ Low @3/Intermediate @4/ High @5/Advanced

Ability/readiness of the software/model to be used as Object-Oriented Module (integration):
@1/None @2/ Low @3/Intermediate @4/ High @5/Advanced

Ability/readiness of the software/model to be used for greenhouse gas (methane) production:
(®)1/None ()2/Low ( )3/Intermediate () 4/High (_)5/Advanced

Ability/readiness of the software/model to be used for nutrient excretion (e.g., N, P):
@1/None @Z/Low @3/Intermediate @4/High @5/Advanced
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About the model characteristics:
Is the model based on a previous model or publications? Which? Digestion in Ruminants

What is the programming language of the model and the software? Delphi

What is the nature of the model: [] deterministic or [ stochastic, [J empirical or [XImechanistic,

Recommended for use by: [x] farmers/producers, [*] nutritionists/consultants, [ veterinarians,
[x] research/scientists, [*] teaching/student, [] extension/outreach, L] others

What are the objectives/purposes of the model?

Feedingruminantscorrectlyto maximisemicrobialyield anduseof homegrownforage
reducingpurchasedeedto thatnecessaryo balancecarbohydrat@ndproteinsupplyfor cost
effectivemilk andmeatproductionthroughbetterrumenmanagement

Specific description of the model (animal species, physiological stages, rumen/ intestinal/metabolism
submodels, levels of solution, lactation, growth, pregnancy, maintenance, body reserves,
energy/protein calculation):

Themodeltakesingredientgrofferedoverthedayin sequencandcalculatesattainablemilk yield after satisfyinghigher
priority nutrientdemandsindertherumenvolumeconstraintHow muchcanbe eatenis facilitatedby 5 passageates
(liquid, smallandlargeforage,smallandlargeconcentrateanda maximumof 7 fermentatiorratesapplicableto nutrient
component®f eachingredient.Over 24 hoursfrom ingestedngredientsaandtheir componentermentatiorrates pH flux is
predictedrom complexrumendynamics.The pH andthe balancebetweercarbohydratendproteininfluencehow much
is fermentecandthe balancebetweemewmicrobialmatterandVFA'’s producedOveraday,absorbedrom thegutis a
proportionof rumenmicrobesandVFA'’s producedandthatwhich escapento the smallintestine(glucoseandstarchfrom
escapedugarsstarchandmicrobialmatter,aminoacidsfrom escapegbroteinandfrom microbial matter fatsfrom
microbial matterandescapedatsandthatproducedn the hind-gut(VFAS).

Nutrientsupplyis thenusedto predictmilk yield and/or bodyweightchanggseparatedor proteinandlipid).

Themodelscanbe scaledfor all ruminantspeciesCommercialuseis mainlyin dairy andbeefcattle.Whilst fairly close
agreementanbereachedn energyandproteinrequirementsor all functionsnutrientsupplydepend®n ability to
manageherumenenvironmentlt is necessaryo modelmicrobial populationsandtheir responséo pH flux independently
of thehostanimal.

How is feed intake predicted?
Throughmechanistisimulationof degradatiorandpassagesorefill is aconsequence

What are the input requirements (characterization) for animal, feeds, environment, others

Animalslactating:maturebodyweight,conditionscore Jactationpotential,milk composition,
cohort(heifers,2ndlactationor 3+), weekof lactation.

Animalsgrowing: currentweight,conditionscore sexandmaturesizeof animal.
Feedsalibrary of ingredientully analysedForagesBioparametri@analysisreportscontain
all of thedataincludingdegradatiomatesandnecessarjagtimes.
Thecurrentmodelsassume thermo-neutraénvironmenbut canbe adaptedor heatstressand
coldthermogenesis.
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Please provide more detailed information about the model engine and functions, user interface
(graphical, command, oriented), and specify key input parameters and outputs. For example, it is
important to know if the model predicts methane and how, manure output (urine + feces, or
separate), mineral and vitamin requirements, animal species and types, etc.

More detailedinfo:

Biopara-Milk runsasanexefile underwWindows.

Biopara-Milk wasdevelopedrom basicprinciplesof rumenfunction,bacterialgrowth,feed
digestionandpassageates,andanimalphysiology(maintenancegrowth, lactation,pregnancy
andbodyreserves).

It is asimulationmodelthathasa time-stepof six minutes10 perhour,andis runfor 20 days
peraonedayoutput.Everysimulatedday, the outputsarecheckedandif necessarytherumen
fill is adjustedup (thereis amaximum)or downfor the nextsimulatedday.A steadystateis
reachedy 20 daysin lessthanhalf asecond.

Methaneis producedrom stoichiometrie®f microbialfermentatioralongwith differing
patternf VFAS. Therearefive groupsof microbe,eachwith a specificrole. Eachgroup
representghe actionsof manymicrobialspecies.

RumenpH is predictedby continuousmonitoringof thelevelsof bicarbonatendprotons
within therumen.Bicarbonatds producedrom saliva(rest,eatingandruminating)aswell as
additionsin thediet. Protonsareproducedrom fermentatiorproducingor additionof acids.
VFA andlactic acidsareremovedby absorptionBicarbonateandprotonsaresubjectto liquid
andsolid flow.

RumenpH affectsthe maintenanceequiremenbf all groupsof microbes.The cellulolytic ones
aremostaffectedsothatreductionsn pH causeanincreasen the maintenanceequirementf
themicrobesThereforetheir growthratedecreases.

TheWell Cow bolus(intra-ruminalpH bolus)hasbeenusedto validatethe methodthat
Biopara-Milk usesto predictpH.

Theruminalcarbohydratéo proteinratio caninfluenceruminalfermentationIf thereis not
enoughproteinto carbohydratetherateof fermentatiorof carbohydraterops.Reduced
fermentatiorcausesnaterialto remainlongerin therumenreducingdry matterintake.
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Please provide references pertinent to the development, evaluation, or application of the model.

Commerciakvaluations providedthroughmatchingintakeandperformanceharacteristicen
farm.

References:
EmmansG.C.(1997).A Methodto Predictthe FoodIntakeof DomesticAnimalsfrom Birth to
Maturity asa Functionof Time.J TheorBiol 186,189—-199

FriggensN. C., IngvartserK. L., andEmmansG. C. (2004).Predictionof Body Lipid Change
in PregnancyndLactation.J. Dairy Sci.87,988— 1000

Gordon,l J.andlllius, A. W. (1996).Thenutritionalecologyof African ruminantsa
reinterpretationEcology65, 18-28

Dijkstra, J.,Ellis, J.L., KebreabE., Strathe A. B., L6pez,S.,FranceJ.,Bannink,A. (2012).
RuminalpH regulationandnutritionalconsequencesf low pH. Animal FeedScienceand
Technologyl72,22—-33

MertensD. R.andEly, L. O.(1979).A dynamicmodelof fiber digestionandpassagén the
ruminantfor evaluatingforagequality. J Anim Sci49,1088— 1095

JessopN. S.andHerrero,M. (1996).Influenceof solublecomponent®n parameteestimation
usingthein vitro gasproductiontechnique Anim. Sci.62,626-627

Rymer,C. andGivens,D. I. (1998).Theeffectof fibre quality on cow healthandperformance.
Milk DevelopmenCouncil,areviewProjectnumber98/R1/10
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Ruminant Nutrition Models

Model: Dairy GasEmissionModel (DairyGEM) Active: O Yes, No

About the software:

Questions Responses

Development information:
Developed by C. Alan Rotzetal.
Year of first developed Someof the original work beganaround1980
Year of last modification 2010
Current version (major, minor, revision) Version2.6
Country developed USA
Used in which countries? Many countries primarily US, CanadandnorthernEurope
Has the model been independently evaluated?  [SLUZoYIiERTEETS
Retail and support information:
Marketed by (name) USDA / Agricultural ResearctService
Phone 814-865-2049
Website http://www.ars.usda.gov/Main/docs.htm?docid=2269
Currency and price No charge
Format (downloadable, CD, DVD) Internetdownload
How often are updates available? Annually
Maintenance cost (annual, monthly) None
Supported by (technical/customer support) Supportis limited; email, phoneandfaceto face
Form of support (email, phone, face-to-face)

About the model usability: (1=very simple/easy ... 5 = very difficult)

Level of technical/nutritional knowledge required:
( )1/None ( )2/Low (®)3/Intermediate @4/High ( )5/Advanced

Ability/readiness of the software/model to be used for climate change simulation:
@1/None @2/Low @3/Intermediate @4/High @5/Advanced

Ability/readiness of the software/model to be used for sustainability/long-term simulation:
@ 1/None @ 2/Low @ 3/Intermediate @ 4/High @ 5/Advanced

Ability/readiness of the software/model to be used for Life Cycle Analysis:
@1/None @2/ Low @3/Intermediate @4/ High @SlAdvanced

Ability/readiness of the software/model to be used as Object-Oriented Module (integration):
@1/None @2/ Low @S/Intermediate @4/ High @5/Advanced

Ability/readiness of the software/model to be used for greenhouse gas (methane) production:
( )1/None ()2/Low ( )3/Intermediate () 4/High (e)5/Advanced

Ability/readiness of the software/model to be used for nutrient excretion (e.g., N, P):
@1/None @2/Low @3/Intermediate @4/High @SIAdvanced
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About the model characteristics:
Is the model based on a previous model or publications? Which? Earliest version was called DairyGHG

What is the programming language of the model and the software? Fortran and C++

What is the nature of the model: X deterministic or stochastic, empirical or X mechanistic,

Recommended for use by: farmers/producers, X nutritionists/consultants, veterinarians,
X research/scientists, X teaching/student, X extension/outreach, others

What are the objectives/purposes of the model?

Primarily aneducationatool for evaluatingair emissionsaandenvironmentafootprintsof dairy
productionsystems.

Specific description of the model (animal species, physiological stages, rumen/ intestinal/metabolism
submodels, levels of solution, lactation, growth, pregnancy, maintenance, body reserves,

energy/protein calculation):
Dairy cattle;whole herdincluding heifersanddry cows;nutrientrequirementsrebasedipon

NRCandCNCPS;anLP is usedto determineoptimal dietsfor eachanimalgroupbasedipon
theirrequirementandavailablefeeds.

How is feed intake predicted?
A functionof NDF andNDF digestibility baseduponwork of DaveMertensandMike Allen

What are the input requirements (characterization) for animal, feeds, environment, others

Importantinput parametergncludeavailablefeedsandtheir nutrientcontentsanimalbreed
characteristicdiousingfacilities,andmanurehandlingmethods.
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Please provide more detailed information about the model engine and functions, user interface
(graphical, command, oriented), and specify key input parameters and outputs. For example, it is
important to know if the model predicts methane and how, manure output (urine + feces, or
separate), mineral and vitamin requirements, animal species and types, etc.

DairyGEM consistf theanimalandmanurehandlingcomponent®f theIFSM model. This
providesa simplertool, primarily for educationapurposesTherearefewerinputrequirements
andmoregraphicaloutputcomparedo IFSM. Themodelis usedto studyair emissionsand
environmenta(carbon.energyandwater)footprintsof dairy productionsystems.

Feedallocationandanimalresponsearerelatedto the nutrientcontentof availablefeedsand
the nutrientrequirement®f theanimalgroupsmakingup the herd. The quantityandnutrient
contentsof themanureproducedareafunctionof thefeedsconsumedindherdcharacteristics.
Nutrientflows aretrackedthroughthefarmto predictair emissionsaandcarbon,energyand
waterfootprintsfor themilk producedCarbondioxide, methaneandnitrousoxide emissions
aretrackedfrom feed,animal,andmanuresourcesandsinksto predictnetgreenhousgas
emission Otherimportantemissionsncludeammoniaandhydrogensulfide. Fifteenyear
simulationsprovidelongtermaverageannualemissionsandfootprints.
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Please provide references pertinent to the development, evaluation, or application of the model.

1. ChianeseD.S.,C.A. RotzandT.L. Richard.Simulationof carbondioxide emissiongrom
dairy farmsto assesgreenhousgasreductionstrategiesTrans. ASABE 52(4):1301-1312.
2009.

2.ChianeseD.S.,C.A. RotzandT.L. Richard.Simulationof methaneemissiondrom dairy
farmsto assesgreenhousgasreductionstrategiesTrans. ASABE 52(4):1313-132320009.
3. ChianeseD.S.,C.A. RotzandT.L. Richard.Simulationof nitrousoxide emissiongrom
dairy farmsto assesgreenhousgasreductionstrategiesTrans. ASABE 52(4):1325-1335.
2009.

4. Montes,F., A. Rotz,andH. Chaoui.2009.Processnodelingof ammoniavolatilizationfrom
ammoniumsolutionandmanuresurfacesTrans.ASABE 52(5):1707-1719.

5.Rotz,C.A., F. MontesandD.S. Chianese2010.The carbonfootprint of dairy production
systemgshroughpartiallife cycleassessmend. Dairy Sci. 93(3):1266-1282.

6. Rotz,C.A., D.S.ChianeseF. Montes,andS.D.Hafner.2012.Dairy GasEmissionaViodel:
Referencévianual.University Park,PA: USDA Agricultural Researctservice Availableat:
http://www.ars.usda.gov/Main/docs.htm?docid=21345.
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Ruminant Nutrition Models

Model: Dutch Tier 3 for Enteric Methanein Cows Active: Xl Yes, [1 No

About the software:

Questions Responses

Development information:

Developed by JanDijkstra, Jim France JonatharMills, Andre Bannink

Year of first developed 1992

Year of last modification 2008

Current version (major, minor, revision) Major

Country developed NL, UK

Used in which countries? NL, UK, CA, US

Has the model'beenindependently evaluated? ™ REN I\ Elels S LVE TS I EIVER
Retail and support information:

Marketed by (name) NA, interfacecurrentlybuilt trough

Phone NA (AndreBannink)

Website NA

Currency and price NA

Format (downloadable, CD, DVD) NA yet

How often are updates available? NA

Maintenance cost (annual, monthly) NA

Supported by (technical/customer support) NA

Form of support (email, phone, face-to-face) NA yet

About the model usability: (1=very simple/easy ... 5 = very difficult)

Level of technical/nutritional knowledge required:
( )1/None ( )2/Low (®)3/Intermediate @4/High ( )5/Advanced

Ability/readiness of the software/model to be used for climate change simulation:
@1/None @2/Low @3/Intermediate @4/High @5/Advanced

Ability/readiness of the software/model to be used for sustainability/long-term simulation:
@ 1/None @ 2/Low @ 3/Intermediate @ 4/High @ 5/Advanced

Ability/readiness of the software/model to be used for Life Cycle Analysis:
@1/None @2/ Low @3/Intermediate @4/ High @5/Advanced

Ability/readiness of the software/model to be used as Object-Oriented Module (integration):
@1/None @2/ Low @3/Intermediate @4/ High @5/Advanced

Ability/readiness of the software/model to be used for greenhouse gas (methane) production:
( )1/None (e)2/Low ( )3/Intermediate () 4/High (_)5/Advanced

Ability/readiness of the software/model to be used for nutrient excretion (e.g., N, P):
@1/None @Z/Low @3/Intermediate @4/High @5/Advanced
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About the model characteristics:
Is the model based on a previous model or publications? Which? Dijkstra, Mills, Bannink

What is the programming language of the model and the software? ACSL

What is the nature of the model: deterministic or [J stochastic, [] empirical or XImechanistic,

Multicompartment digestive tract ruminant

Recommended for use by: [1 farmers/producers, [*] nutritionists/consultants, [ veterinarians,
[x] research/scientists, [x] teaching/student, [x] extension/outreach, X others policy makers, inventories

What are the objectives/purposes of the model?

Theaim of themodelis to predicttherespons®f dairy cowsto nutritional strategiesn terms
of entericfermentatiorandintestinaldigestion nutrientsabsorbedmilk productionbasecdon
mostlimiting nutrientor energy excretionwith urineandfeces,andmethaneemission.

Specific description of the model (animal species, physiological stages, rumen/ intestinal/metabolism
submodels, levels of solution, lactation, growth, pregnancy, maintenance, body reserves,

energy/protein calculation):
Themodelrepresentthe mechanismsef microbialactivity andsubstratdermentationin the

rumenandhindgutof lactatingcows.Predictedmicrobialfermentatioris hencean outcomeof
concentratiorof fermentablematerialandthe concentratiorof micro-organismgresent.

Otheraspectgintestinaldigestion,metabolismmilk productionexcretion)aredescribedy
empiricalequationcomparabldo energyandproteinevaluationsystems.

ThecurrentTier 3 only rumenandhindgutsubmodelsreincluded.Thenewesimodelversion
includesanadaptedumenandhindgutsubmodelaswell asanintestinalsubmodel.

How is feed intake predicted?
Not predictedputamodelinput

What are the input requirements (characterization) for animal, feeds, environment, others

Characterisationf feedintakeandfeedcomposition Feedcompositionto be calculatedrom
dietaryingredientswith known chemicalcomposition(solublecarbohydratestarch NDF, CP,
ammoniafat, ash,VF A) andintrinsic (in situ) degradatiorcharacteristicg¢soluble/washable,
potentiallydegradabl@andundegradablé&action,fractionaldegradatiomatedegradabldractionfor
starch NDF andCP).

Facultatively empiricalequationgor rumenpassageate(solids,fluid) andvolume(fluid), and
diurnalpH dynamicscanbe givenasaninput. This particularlyholdswhenthe modelis appliedto
otherspeciesuchasbeef(e.gcorrectionVFA for effectof monensin).
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Please provide more detailed information about the model engine and functions, user interface
(graphical, command, oriented), and specify key input parameters and outputs. For example, it is
important to know if the model predicts methane and how, manure output (urine + feces, or
separate), mineral and vitamin requirements, animal species and types, etc.

Theuserinterfaceis the ACSL platformatthemoment.

Themodelengineis arepresentationf the mechanismsf fermentatiorprocessesncluding
pool sizesfor varioussubstrateshreeclasse®f micro-organismgamylolytic bacteria,
fibrolytic bacteriaandprotozoa)andintraruminalrecycling(microbialdeathandpredation),
andurearecyclingfrom blood,andincludingabsorptiveprocessefor VF A andammonia.

Themodelis standardusedfor dairy cattle.Beefor dry cowsseemsgpossibleaswell though.

Themodelrequiresfeedintakeandfeedcompositionanddegradatiorcharacteristicasan
input. It predictsmethaneemissionfrom rumenandhindgut,VF A molarproportionsand
hydrogenbalanceandthe Ym factorfor methaneemission Also, excretacompositionand

volumecanbe predictednot usedwith theapplicationasTier 3 though)with a characterisatio
of compoundsn urineandfeces.
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Please provide references pertinent to the development, evaluation, or application of the model.

Development:

BanninkA, Van SchijndelIMW, DijkstraJ,2011.A modelof entericfermentatiorin dairy cowsto estimate
methaneemissionfor the Dutch NationallnventoryReportusingthe IPCC Tier 3 approachAnimal FeedScience
andTechnologyl66-167,603-618.

Bannink,A., FranceJ.,Lopez,S.,Gerrits,W.J.J. KebreabE., TammingasS., Dijkstra, J.,2008.Modelling the
implicationof feedingstrategyon rumenfermentatiorandfunctioningof themmenwall. Anim. FeedSci.
Technol.143,3-26.

Bannink,A., Kogut, J., Dijkstra, J.,France J.,Kebreab E., Van Vuuren,A.M., TammingaS.,2006.Estimation
of the stoichiometryof volatile fatty acid productionin the mmenof lactatingdairy cows.J. Theor.Biol. 238,
36-51.

Dijkstra,J.,Neal,H.D., St.,C., BeeverD.E., FranceJ.,1992.Simulationof nutrientdigestionabsorptiorand
outflow in therumen:modeldescriptionJ. Nutr. 122,2239-2256.

Mills, J.A.N.,Dijkstra, J.,Bannink,A., Cammell,S.B.,KebreabE., FranceJ.,2001.A mechanistianodelof
whole-tractdigestionandmethanogenesis thelactatingdairy cow: modeldevelopmentevaluationand
application.J. Anim. Sci.79,1584-1597.

Evaluation:

Alemu,A. W., J.Dijkstra, A. Bannink,J. FranceandE. Kebreab2011.Rumenstoichiometriomodelsandtheir
contributionandchallengesn predictingentericmethanegroduction.Anirn. FeedSci. Technol.
166--167:761-778.

Ellis JL, DijkstraJ, BanninkA, Parsons\J, Rasmussefs, EdwardsGR, Kebreabk, Francel: The effectof
high-sugaigrasson predictednitrogenexcretionandmilk yield simulated
usingadynamicmodel.JournalofDairy Science2011,94:3105-3118.

Ellis, J.L.,J. Dijkstra, J. France A. J. ParsonsG. R. Edwards S. Rasmusserk. KebreabA. Bannink,2012.
Effect of high-sugalgrasse®n methaneemissionsimulatedusinga dynamicmodelJournalof Dairy Science
95:272-285.

Morvay, Y., A. Bannink,J. France E. KebreabandJ. Dijkstra, 2011.Evaluationof modelsto predictthe
stoichiometryof volatile fatty acid profilesin rumenfluid oflactatingHolsteincows.J. Dairy Sci. 94 :3063-3080

Application:

BanninkA, Van SchijndelMW, Dijkstra J: A modelof entericfermentatiorin dairy cowsto estimatanethane
emissionfor the Dutch NationallnventoryReportusingthe IPCC Tier 3 approachAnimal FeedScienceand
Technology2011,166-167:603-618.

BanninkA, SmitsMCJ, KebreabE, Mills JAN, Ellis JL, K1op A, Francel, DijkstraJ,2010.Simulatingthe
effectsof grasslandnanagemerandgrassensilingon methaneemissionfrom lactatingcows.Journalof
Agricultural Sciencel48:55-72.

JDijkstra, O. OenernaandA Bannink.2011.Dietarystrategiego reducingN excretionfrom cattle:implications
for methaneemissionsCurrentOpinionin EnvironmentaSustainability2011,3:414--422.

DijkstraJ, KebreabE, Mills JAN, PellikaanWF, LopezS, BanninkA, Francel.2007.Fromnutrientrequirement
to animalresponsepredictingthe profile of nutrientsavailablefor absorptiorin dairy cattle.Animal1:99-111.

Ellis JL, Dijkstra J,BanninkA, Parson®#J, Rasmussef, EdwardsGR, KebreabE, Francel: The effectof

high-sugaigrasson predictednitrogenexcretionandmilk yield simulatedusinga dynamicmodel.Journalof
Dairy Science2011,94:3105-3118.
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Ruminant Nutrition Models

Model: Integrated Farm SystemModel (IFSM) Active: O Yes, No

About the software:

Questions Responses

Development information:

Developed by C. Alan Rotzetal.

Year of first developed Someof the original work beganaround1980

Year of last modification 2012

Current version (major, minor, revision) Version3.6

Country developed USA

Used in which countries? Many countries primarily US, CanadandnorthernEurope

g (=g oL (o RO TETg s W (e [ e L= o [ L AN E | [TER LT B2 Not surewhatthis implies, beenevaluatedy many
Retail and support information:

Marketed by (name) USDA / Agricultural ResearctService

Phone 814-865-2049

Website http://www.ars.usda.gov/Main/docs.htm?docid=2269

Currency and price No charge

Format (downloadable, CD, DVD) Internetdownload

How often are updates available? Annually

Maintenance cost (annual, monthly) None

Supported by (technical/customer support) Supportis limited; email, phoneandfaceto face

Form of support (email, phone, face-to-face)

About the model usability: (1=very simple/easy ... 5 = very difficult)

Level of technical/nutritional knowledge required:
( )1/None ( )2/Low (®)3/Intermediate @4/High ( )5/Advanced

Ability/readiness of the software/model to be used for climate change simulation:
@1/None @2/Low @3/Intermediate @4/High @5/Advanced

Ability/readiness of the software/model to be used for sustainability/long-term simulation:
@ 1/None @ 2/Low @ 3/Intermediate @ 4/High @ 5/Advanced

Ability/readiness of the software/model to be used for Life Cycle Analysis:
@1/None @2/ Low @3/Intermediate @4/ High @SlAdvanced

Ability/readiness of the software/model to be used as Object-Oriented Module (integration):
@1/None @2/ Low @S/Intermediate @4/ High @5/Advanced

Ability/readiness of the software/model to be used for greenhouse gas (methane) production:
( )1/None ()2/Low ( )3/Intermediate () 4/High (e)5/Advanced

Ability/readiness of the software/model to be used for nutrient excretion (e.g., N, P):
@1/None @2/Low @3/Intermediate @4/High @SIAdvanced
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About the model characteristics:
Is the model based on a previous model or publications? Which? Originally known as DAFOSYM

What is the programming language of the model and the software? Fortran and C++

What is the nature of the model: X deterministic or stochastic, empirical or X mechanistic,

Recommended for use by: farmers/producers, X nutritionists/consultants, veterinarians,
X research/scientists, X teaching/student, X extension/outreach, others

What are the objectives/purposes of the model?

Primarily aresearchool for evaluatinghe environmentalmpactandeconomicsustainability
of crop,dairy andbeefproductionsystems.

Specific description of the model (animal species, physiological stages, rumen/ intestinal/metabolism
submodels, levels of solution, lactation, growth, pregnancy, maintenance, body reserves,

energy/protein calculation):
Dairy andbeefcattle;whole herdincluding heifersanddry cows;nutrientrequirementsre

baseduponNRC andCNCPS;anLP is usedto determineoptimaldietsfor eachanimalgroup
basedupontheirrequirementgandavailablefeeds.

How is feed intake predicted?
A functionof NDF andNDF digestibility baseduponwork of DaveMertensandMike Allen

What are the input requirements (characterization) for animal, feeds, environment, others

Importantinputincludeall aspect®f the farm system(crops,machinerytillage andharvest
information,animals,manurehandling,etc.).Importantanimal/feecbarameterscludeanimal
breedcharacteristicandnutritive contentsof purchasedeeds.The modelpredictsthe nutritive
contentof farm producedeeds.
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Please provide more detailed information about the model engine and functions, user interface
(graphical, command, oriented), and specify key input parameters and outputs. For example, it is
important to know if the model predicts methane and how, manure output (urine + feces, or
separate), mineral and vitamin requirements, animal species and types, etc.

Cropproduction feeduse,andthereturnof manurenutrientsbackto thelandaresimulatedfor
manyyearsof weatheron a crop, beef,or dairy farm. Growthanddevelopmenbf cropsare
predictedfor eachdaybaseduponsoil waterandN availability, ambienttemperatureandsolar
radiation.Simulatedillage, planting,harveststorage andfeedingoperationgredictresource
use timelinessof operationsgroplossesandnutritive quality of feedsasinfluencedby
weatherFeedallocationandanimalresponsearerelatedto the nutrientcontentsof available
feedsandthe nutrientrequirement®f the animalgroupsmakingup the herd. The quantityand
nutrientcontentsof the manureproducedarea functionof thefeedsconsumedndherd
characteristics.

Nutrientflows aretrackedthroughthefarmto predictnutrientlossedo theenvironmentand
potentialaccumulationn the soil. Environmentalossesncludedenitrificationandleaching
lossesf N from thesoil, erosionof sedimentacrosghefarm boundariesandthe runoff of
sediment-boundnddissolvedphosphorusCarbondioxide, methaneandnitrousoxide
emissionsaretrackedfrom crop,animal,andmanuresourcesandsinksto predictnet
greenhousgasemission Whole-farmmassbalance®f nitrogen,phosphoruspotassiumand
carbonaredeterminedasthe sumof nutrientimportsin feed,fertilizer, depositionandlegume
fixation minusthe nutrientexportsin milk, excesdeed,animals,manure andlossedeavingthe
farm.

Simulatedperformances usedto determineproductioncosts,jncomesandeconomiaeturnfor
eachyearof weather A whole-farmbudgetincludesfixed andvariableproductioncosts All
importantproductioncostsaresubtractedrom thetotal incomereceivedfor milk, animal,and
feedsalesto determinea netreturnto managemenBy comparingsimulationresults,
differencesamongproductionsystemsaredeterminedincludingannualresourceuse,
productionefficiency,environmentaimpacts productioncosts,andfarm profit. Simulations
areconductedvera 25 yearsampleof recenthistoricalweather sotheresultingdistributionof
annualpredictionsrepresentshe effectsof varyingweather The modelcanalsobe usedto
simulatefarm systemsover projectedfuture climatescenariogo assisthe adaptatiorof farms
to climatechange.
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Please provide references pertinent to the development, evaluation, or application of the model.

Major publicationssince2005:

1.Rotz,C.A., D.R. BuckmasterandJ.W.Comerford A beefherdmodelfor simulatingfeedintake ,animalperformance,
andmanureexcretionin farm systemsJ. Anim. Sci. 83:231-2422005.

2.Rotz,C.A.,D.L. ZartmanandK.L. Crandall.Economicandenvironmentafeasibility of a perenniakcow dairy farm. J.
Dairy Sci.88:3009-30192005.

3.Rotz,C.A. andT.M. Harrigan.Predictingsuitabledaysfor field operationsn awhole farm simulation.Applied Eng.
Agric. 21(4):563-5712005.

4. Rotz,C.A. andJ. OenemaPredictingmanagemenrgffectson ammoniaemissiongrom dairy andbeeffarms.Trans.
ASAE 49(4):1139-11492006.

5.Rotz,C.A., J.OenemaandH. vanKeulen.Wholefarm managemertb reducenitrogenlossedrom dairy farms:a
simulationstudy.Applied Eng.Agric. 22(5):773-7842006.

6.CorsonM.S., C.A. Rotz,andR.H. Skinner.Evaluatingwarm-seasograssproductionin temperate-regiopasturesa
simulationapproachAgric. System93 (1-3): 252-268.2007.

7.CrossonP.,C.A. RotzandM.A. SandersonConversiorfrom cornto grasslangrovideseconomicandenvironmental
benefitsto a Marylandbeeffarm. Online.ForageandGrazinglandsloi:10.1094/FG-2007-0119-01-R&)07.

8. CrossonpP.,C.A. Rotz,P.OKiely, F.P.O'Mara, M. Wallace,R.P.0.Schulte Modelingthe nitrogenandphosphorus
inputsandoutputsof financially optimallrish beefproductionsystemsApplied Eng. Agric. 23(3):369-3772007.

9. Ghebremichael..T., P.E.CerosalettiT.L. Veith, C.A. Rotz.,J.M. Hamlett,andW.J. Gburek.Economicand
phosphorus-relateeffectsof precisionfeedingandforagemanagemerat a farm scale J. Dairy Sci. 90:3700-37152007.
10. SedorovichD.M., C.A. Rotz,P.A. Vadas,andR.D. Harmel.Simulatingmanagemenrgffectson phosphorugossfrom
farmingsystemsTrans. ASAE 50(4):1443-14532007.

11.Rotz,C.A., G.H. Kamphuis H.D. KarstenandR.D. Weaver.Organicdairy productionsystemsn Pennsylvaniaa case
studyevaluationJ Dairy Sci.90:3961-39792007.

12.CorsonM.S.,C.A. Rotz,R.H. Skinner,M.A. SandersonAdaptationandevaluationof theintegratedarm system
modelto simulatetemperatenultiple-speciepasturesAgric. System®4(2):502-5082007.

13.GarciaA.M,, T.L. Veith, P.J.A.Kleinman,C.A. Rotz,andL.S. Saporito Assessingnanuremanagemerdtrategies
throughsmall-plotresearctandwhole-farmmodeling.J. Soil WaterConserv63(4): 204-211.2008.
14.ChianeseD.S.,C.A. Rotz,andT.L. Richard.Whole-farmgreenhousgasemissionsa reviewwith applicationto a
Pennsylvaniaairy farm. Appl. Eng.Agric. 25(3):431-4422009.

15.ChianeseD.S.,C.A. RotzandT.L. Richard.Simulationof carbondioxide emissiondrom dairy farmsto assess
greenhousgasreductionstrategiesTrans. ASABE 52(4):1301-13122009.

16.ChianeseD.S.,C.A. RotzandT.L. Richard.Simulationof methaneemissiongrom dairy farmsto assesgreenhouse
gasreductionstrategiesTrans. ASABE 52(4):1313-13232009.

17.ChianeseD.S.,C.A. RotzandT.L. Richard.Simulationof nitrousoxide emissiongrom dairy farmsto assess
greenhousgasreductionstrategiesTrans. ASABE 52(4):1325-13352009.

18.Rotz,C.A.,K.J. SoderR.H. Skinner,C.J.Dell, P.J.Kleinman,J.P.Schmidt,andR.B. Bryant.2009.Grazingcan
reducethe environmentaimpactof dairy productionsystemsOnline.ForageandGrazinglands
doi:10.1094/FG-2009-0916-01-RS.

19.Ghebremichael,.T., T.L. Veith, P.E.CerosalettiD.R. Dewing,andC.A. Rotz.2009.Exploringeconomicallyand
environmentallyiable northeasterairy farm strategiegor copingwith rising corngrainprices.J. Dairy Science
92:4086-4099.

20.Montes,F., A. Rotz,andH. Chaoui.2009.Processnodelingof ammoniavolatilizationfrom ammoniumsolutionand
manuresurfacesTrans. ASABE 52(5):1707-1719.

21.Rotz,C.A., F. MontesandD.S. Chianese2010.The carbonfootprint of dairy productionsystemshroughpartiallife
cycleassessmeni. Dairy Sci. 93(3):1266-1282.

22.Deak,A., M.H. Hall, M.A. SandersonA. Rotz,andM. Corson.2010.Whole farm evaluationof foragemixturesand
grazingstrategiesAgron.J.102:1201-1209.

23.Rotz,C.A.,P.J.A.Kleinman,C.J.Dell, T.L. Veith,andD.B. Beegle.2011.Environmentakndeconomiccomparisons
of manureapplicationmethoddn farmingsystemsJ Environ.Quality 40:438-448.

24.Belflower,J.B.,J.K. Bernard,D.K. Gattie,D.W. Hancock,L.M. Risse,C.A. Rotz.2012.A casestudyof the potential
environmentalmpactsof differentdairy productionsystemsn Georgia. Agric. Systemsl08:84-93.

25. Stackhouse-LawsoiK.R., C. A. Rotz,J.W. Oltjen,andF. M. Mitloehner.2012.Carbonfootprintandammonia
emissionof CaliforniabeefproductionsystemsJ. Anim. Sci. 90:4641-4655.

26. Stackhouse-LawsoiK.R., C.A. Rotz,J.W.Oltjen,andF.M. Mitloehner.2012.Growth-promotingechnologies
decreas¢he carbonfootprint,ammoniaemissionsandcostsof CaliforniabeefproductionsystemsJ. Anim. Sci.
90:4656-4665.

27.Rotz,C.A.,M.S. CorsonD.S.Chianesel. Montes,S.D.Hafner,andC.U. Coiner.2012.Integrated=armSystem
Model: ReferenceManual.University Park,PA: USDA Agricultural ResearclService Availableat:
http://www.ars.usda.gov/Main/docs.htm?docid=8519.
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Ruminant Nutrition Models

Model: INRAtion Active: X Yes, (1 No

About the software:

Questions Responses
Development information:
Developed by INRA PHASE division
Year of first developed 1991
Year of last modification 2010
Current version (major, minor, revision) 4.07
Country developed France
Used in which countries? Pologne, Irlande,
Has the model been independently evaluated? &
Retail and support information:
Marketed by (name) Educagri (Dijon France)
Phone
Website www.inration.educagri.fr
Currency and price 450€
Format (downloadable, CD, DVD) downloadable CD
How often are updates available? if necessary
Maintenance cost (annual, monthly) no
Supported by (technical/customer support) no
Form of support (email, phone, face-to-face) no

About the model usability: (1=very simple/easy ... 5 = very difficult)

Level of technical/nutritional knowledge required:
O 1/None OZ/ Low @3/ Intermediate O4/ High OS/Advanced

Ability/readiness of the software/model to be used for climate change simulation:
Ol/ None OZ/ Low @3/Intermediate O4/High OS/Advanced

Ability/readiness of the software/model to be used for sustainability/long-term simulation:
1/None @2/ Low 03/ Intermediate O4/ High OS/Advanced

Ability/readiness of the software/model to be used for Life Cycle Analysis:
Ol/ None @2/ Low O3/ Intermediate O4/ High OS/Advanced

Ability/readiness of the software/model to be used as Object-Oriented Module (integration):
1/None OZ/Low O3/Intermediate @4/High 5/Advanced

Ability/readiness of the software/model to be used for greenhouse gas (methane) production:
O 1/None @Z/Low O3/Intermediate O4/High OS/Advanced

Ability/readiness of the software/model to be used for nutrient excretion (e.g., N, P):
1/None OZ/ Low OS/Intermediate @4/High OS/Advanced
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About the model characteristics:
Is the model based on a previous model or publications? Which? INRA books "nutrition of ruminants"

What is the programming language of the model and the software? Turbo Pascal Delphi/ Windew

What is the nature of the model: [x] deterministic or [ stochastic, [x] empirical or [XImechanistic,
[x] static or [ dynamic, [ continuous or [ discrete, [1 homo-spatial or [ hetero-spatial, others
‘Not only one model but several

Recommended for use by: [] farmers/producers, [¥] nutritionists/consultants, [] veterinarians,
[ research/scientists, [*] teaching/student, [x] extension/outreach, [ others

What are the objectives/purposes of the model?

INRAtion is a software which calculate daily diets for all french types of ruminants from a list
of feedstuffs forages concentrates and animal characteristics

Specific description of the model (animal species, physiological stages, rumen/ intestinal/metabolism
submodels, levels of solution, lactation, growth, pregnancy, maintenance, body reserves,
energy/protein calculation):

animal type : Dairy and beef cattle , Ewes, Goats
Young : growing or finishing
Animal characteristics : breed age, sex LW BCS
Animal Physiological stage (pregnant, lactation dry) date of calving ...

Feedstuffs characteristics (forage concentrate Net energy (UFL, UFV) Proteins digestibles in
the intestine (PDI E/ PDI N)

Inside keeping / pasturing

Diet Calculation by of intake / energy / protein requirements

How is feed intake predicted?

By INRA fill unit system (including models of sustitution between forages ans concentrates

What are the input requirements (characterization) for animal, feeds, environment, others

Inputs : description of feedstuffs (age type chemical analysis) from the INRA tables or from
user table . (need to use the INRA systems)
description of animals and the expected performance (or no performance at all)
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Please provide more detailed information about the model engine and functions, user interface
(graphical, command, oriented), and specify key input parameters and outputs. For example, it is
important to know if the model predicts methane and how, manure output (urine + feces, or
separate), mineral and vitamin requirements, animal species and types, etc.

Model engines are described in the INRA book. (in french and spanish).

No possibility to get directly methane in the available version
but availability of Nitrogen outputs or retained,

Calculated requirement in Phosphorus and calcium. Very simple prediction of oligo vitamin
requirements.
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Please provide references pertinent to the development, evaluation, or application of the model.
INRAtion :

Educagri éditions

26 bd Docteur Petitjean

BP 87999

21079 Dijon cedex

France

Alimentation des bovins, ovins et caprins. Besoins des animaux Valeurs des aliments

Tables INRA 2007  Quae Ed., 78026 Versailles, France)

Alimentation des ruminants 2007— INRA Productions Animales., N° 20, (4 articles).
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Ruminant Nutrition Models

Model: Karoline Active: X Yes, [1 No

About the software:

Questions Responses

Development information:
Developed by Nordic scientists
Year of first developed 1998
Year of last modification 2004(2013PekkaHuhtanen)
Current version (major, minor, revision) Karolinel
Country developed Nordic
Used in which countries? SwedenandFinland- on aresearctbasis
Has the model been independently evaluated? RS

Retail and support information:
Marketed by (name) None
Phone
Website
Currency and price
Format (downloadable, CD, DVD)
How often are updates available?
Maintenance cost (annual, monthly)
Supported by (technical/customer support)
Form of support (email, phone, face-to-face)

About the model usability: (1=very simple/easy ... 5 = very difficult)

Level of technical/nutritional knowledge required:
( )1/None ( )2/Low ()3/Intermediate @4/High ( )5/Advanced

Ability/readiness of the software/model to be used for climate change simulation:
@1/None @Z/Low @3/Intermediate @4/High @5/Advanced

Ability/readiness of the software/model to be used for sustainability/long-term simulation:
@ 1/None @ 2/Low @ 3/Intermediate @ 4/High @ 5/Advanced

Ability/readiness of the software/model to be used for Life Cycle Analysis:
@1/None @2/ Low @3/Intermediate @4/ High @5/Advanced

Ability/readiness of the software/model to be used as Object-Oriented Module (integration):
@1/None @2/ Low @3/Intermediate @4/ High @5/Advanced

Ability/readiness of the software/model to be used for greenhouse gas (methane) production:
( )1/None ()2/Low ( )3/Intermediate () 4/High (e)5/Advanced

Ability/readiness of the software/model to be used for nutrient excretion (e.g., N, P):
@ 1/None @ 2/Low @ 3/Intermediate @ 4/High @ 5/Advanced
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About the model characteristics:
Is the model based on a previous model or publications? Which? No

What is the programming language of the model and the software? Powersim

What is the nature of the model: deterministic or [J stochastic, [x] empirical or XImechanistic,

Recommended for use by: [1 farmers/producers, [ nutritionists/consultants, [ veterinarians,
[x] research/scientists, [*] teaching/student, [] extension/outreach, L] others

What are the objectives/purposes of the model?

Formerly:evaluateandformulatedietsfor advisorypurposes
Presentlyresearclandteaching

Specific description of the model (animal species, physiological stages, rumen/ intestinal/metabolism
submodels, levels of solution, lactation, growth, pregnancy, maintenance, body reserves,
energy/protein calculation):

Thelactatingcow dividedinto alargenumberof sub-modelsSeereferencedelowfor more
details.

How is feed intake predicted?

Not presentlypredicted However theintakeresponseso changesn diet compositioncanbetakeninto accountin rationformulation(Huhtaneretal.,
2007,2008)

What are the input requirements (characterization) for animal, feeds, environment, others

Feedcomposition23 variablesncluding fermentatiorratesfor insolubleCP, starchand
potentiallydigestibleNDF. NDF is separatethto INDF andpdNDF (forageandconcentrate
separatelylueto differentpassagéinetics).Silagefermentatiorparameterglactic acid, VFA,
ammonia)Intakeof feeds,cow BW, weekof lactationandsomecountryspecificinformation
onmilk payments
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Please provide more detailed information about the model engine and functions, user interface
(graphical, command, oriented), and specify key input parameters and outputs. For example, it is
important to know if the model predicts methane and how, manure output (urine + feces, or
separate), mineral and vitamin requirements, animal species and types, etc.

Themodelitself is graphicalwith easyaccesso parametemanipulationlt is dynamically
linked to Excel.In Excel,you makeall inputadjustmentsvith respecto cow andfeed
variablesFeedsareselectedrom menuandamountsareentered Excelalsocollectsoutputof
all variablesspecifiedby the userandthey canalsobelogged.

All flows of feedcomponent@to thecow andin all segment®f the Gl tractandinto manure
canbeaccumulatedh the outputaswell asfermentatiorend-productgincludinggases),

metabolicfluxes, milk componentsyrinaryandenergyoutput,etc,etc. Mineral elements,
individualaminoacidsandvitaminsarenotimplemented.
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Please provide references pertinent to the development, evaluation, or application of the model.

Danfeer A., P.HuhtanenP.Udén,J. SveinbjornssorandH. Volden.2006.The Nordic Dairy
Cow Model, Karoline- Description Pages383-406in NutrientDigestionandUtilization in
FarmAnimals: Modeling Approachesk. KebreabJ. Dijkstra, A. Bannink,W. J. J. Gerritsand
J.Francegd.CABI Publishing,Cambridge MA.

Danfeer A., P.HuhtanenP.Udén,J. SveinbjornssorandH. Volden.2006.The Nordic Dairy
Cow Model, Karoline- Evaluation.Pagest07-415in NutrientDigestionandUtilization in
FarmAnimals: Modeling Approachesk. Kebreab J. Dijkstra, A. Bannink,W. J. J. Gerritsand
J.Francegd.CABI Publishing,Cambridge MA.

Sveinbjornsson]., P. HuhtanenandP. Udén.2006.The Nordic Dairy Cow Model, Karoline-
Developmenbf Volatile Fatty Acid Sub-Model Pagesl-14in NutrientDigestionand
Utilization in FarmAnimals: Modeling ApproachesE. Kebreab,J. Dijkstra, A. Bannink,W. J.
J.GerritsandJ. Franceed.CABI Publishing,Cambridge MA.

HuhtanenP.,M. Rinne,andJ. Nousiainen2007.Evaluationof thefactorsaffectingsilage
intakeof dairy cows:arevisionof therelativesilagedry-matterintakeindex. Animal.
1:758-770.

HuhtanenP.,M. Rinne,andJ. Nousiainen2008.Evaluationof concentratéactorsaffecting
silageintakeof dairy cows:a developmenbf therelativetotal dietintakeindex. Animal.
2:942-953.

P.HuhtanerandM. Ramin.2013.Evaluationof the Nordic dairy cow modelKarolinein
predictingmethangroduction. Acta Agric Scand(In Press)
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Ruminant Nutrition Models

Model: Large Ruminant Nutrition System(LRNS) Active: X Yes, (1 No

About the software:

Questions Responses

Development information:
Developed by L.O. TedeschandD. G. Fox
Year of first developed 2009
Year of last modification 2013
Current version (major, minor, revision) 1.0.24
Country developed USA
Used in which countries? USA, CanadaMexico, Brazil, Europe SouthAfrica, Vietnam,Australia
Has the model been independently evaluated? RS

Retail and support information:
Marketed by (name) TexasA&M Universityunderlicensefrom Cornell University

Phone 979-845-5065
Website http://nutritionmodels.tamu.edu/Irns.html

Currency and price US$400 (commercial) US$200 (faculty), or free (students)
Format (downloadable, CD, DVD) Downloadable

How often are updates available? As neededusually2x peryear

Maintenance cost (annual, monthly) None

Supported by (technical/customer support) Limited technicalsupport

Form of support (email, phone, face-to-face) Email

About the model usability: (1=very simple/easy ... 5 = very difficult)

Level of technical/nutritional knowledge required:
( )1/None ( )2/Low ()3/Intermediate @4/High (e)5/Advanced

Ability/readiness of the software/model to be used for climate change simulation:
@1/None @2/Low @3/Intermediate @4/High @5/Advanced

Ability/readiness of the software/model to be used for sustainability/long-term simulation:
@ 1/None @ 2/Low @ 3/Intermediate @ 4/High @ 5/Advanced

Ability/readiness of the software/model to be used for Life Cycle Analysis:
@1/None @2/ Low @3/Intermediate @4/ High @5/Advanced

Ability/readiness of the software/model to be used as Object-Oriented Module (integration):
@1/None @2/ Low @3/Intermediate @4/ High @5/Advanced

Ability/readiness of the software/model to be used for greenhouse gas (methane) production:
( )1/None (e)2/Low ( )3/Intermediate () 4/High (_)5/Advanced

Ability/readiness of the software/model to be used for nutrient excretion (e.g., N, P):
@1/None @2/Low @3/Intermediate @4/High @SIAdvanced
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About the model characteristics:
Is the model based on a previous model or publications? Which? CNCPS by Fox et al. (2004)

What is the programming language of the model and the software? MS Visual Basic 6.0

What is the nature of the model: deterministic or [J stochastic, [x] empirical or [Imechanistic,

Recommended for use by: [1 farmers/producers, [*] nutritionists/consultants, [x] veterinarians,
[x] research/scientists, [x] teaching/student, [x] extension/outreach, L] others

What are the objectives/purposes of the model?

LRNS is anappliednutrition modelandit canbeusedfor dietevaluatioranddiet
formulation/balancindor differenttypesof animalbreedsunderdifferentscenario®f
production.t is basedon the CornellNet Carbohydrat@andProteinSystenversion5.0.

Specific description of the model (animal species, physiological stages, rumen/ intestinal/metabolism
submodels, levels of solution, lactation, growth, pregnancy, maintenance, body reserves,
energy/protein calculation):

The LRNS is acomputemprogramthatestimatedeefanddairy cattlerequirementsndnutrient
supplyunderspecificconditionsof animaltype,environmen{climatic factors),management,
andphysicochemicatompositionof availablefeeds.The LRNS wasdevelopedrom basic
principlesof rumenfunction,bacterialgrowth,feeddigestionandpassageates,andanimal
physiology(maintenancegrowth,lactation,pregnancyandbodyreserves)Theruminal
fermentatiordynamicsarecomputedasedn thefractionalrateof fermentatiorandpassage,
assumingsteadystatecondition,andbacteriagrowth. Adjustmentsaremadefor dietsthatdoes
notmeetruminalN requirementdy the bacterialntestinaldigestionis computedusing
digestibility coefficients.

How is feed intake predicted?

LRNS usesempiricalequationsput usersareencouragedo enterobservedntakewhenevemvailable.

What are the input requirements (characterization) for animal, feeds, environment, others

Theinputsfor animalarebreed bodyweight,bodyweightata givenbodycompositionage,
physicalactivity, body conditionscore milk productionandcompositionandcalf birth weight.
Theinputsfor environmentrepreviousandcurrenttemperaturendrelativehumidity, hide
thicknesshoursof sunlight,andwind speedTheinputsfor feedarecrudeprotein,ether
extract,ash(microandmacrominerals) neutraldetergentiber, lignin, solubleprotein,protein
boundto neutralandaciddetergentibers, physicallyeffectiveneutraldetergentiber, and
fractionalratesof ruminaldegradation.
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Please provide more detailed information about the model engine and functions, user interface
(graphical, command, oriented), and specify key input parameters and outputs. For example, it is
important to know if the model predicts methane and how, manure output (urine + feces, or
separate), mineral and vitamin requirements, animal species and types, etc.

REQUIREMENT:Maintenanceequirementsn the LRNS aredeterminedy accountingor breed,
physiologicalstate activity, ureaexcretion heator cold stressandenvironmentabcclimatization
effects.In growingcattle,the netenergyfor maintenancéNEm) of eachbreed(kcal/kg metabolic
shrunkbodyweight)is adjustedusinga 1-9body conditionscale(BCS).Heatandcold stresseare
alsocomputedoy the LRNS basedn the effectivetemperaturendex. Growthrequirementsor energy
andproteinincludeadjustmentsor effectsof bodyweight,rateof bodyweightgain,chemical
compositionof gain,andmatureweight. A sizescalingsystembasedn theratio of currentto mature
weightis usedto predictthe compositionof gain. Shrunkbodyweightis adjustedo aweight
equivalento thatof a standardeferenceanimalat the samestageof growth. Pregnancyequirements
andBW gainarecomputedrom growth of the gravid uterusbasedn expectectalf birth weightand
day of gestationLactationenergyandproteinrequirementarecalculatedrom actualmilk production
andcomponentsk-or beefcattle thelactationcurveis predictedoasedn peakmilk.

SUPPLY:TheLRNS hastwo levelsof solutionto accommodatéhe needof differenttypesof users.
Levellisintendedfor conditionswherefeedscannotbewell characterized._evel 1 computegotal
digestiblenutrients(TDN) andmetabolizablerotein(MP) valueswith empiricalequationsLevel 2 is
intendedfor userswho haveadvancednformationon feedcompositionanddry matterintake(DMI)
andanunderstandin@f howto usethelevel 2 rumenmodel. Level 2 mechanisticall}computes
ruminally availableTDN andMP from fractionaldigestionandpassageates,assumingteadystate
condition:Kd/(Kd+Kp). Feednot digestedn therumenwill passundegradedbo theintestinesvhereit
may or may notundergadfurtherdigestion.The LRNS characterizesachfeedstuffby its carbohydrate
andproteinfractions.Thefractionpool sizesof carbohydratendproteinfractionsneededo predict
rumenfermentatiorandescapearecomputedanddefaultchemicalcompositiorvaluesareprovidedin
thefeedlibrary. Carbohydratearedefinedasfiber carbohydrate§C) or non-fibercarbohydrates
(NFC).TheFCis equalto the neutraldetergenfiber (NDF) andNFCis total DM minusNDF
(adjustedor neutraldetergentnsolubleprotein,NDIP), crudeprotein(CP),fat, andash.
Carbohydratearefurthercategorizednto A, B1, B2 andC fractions.The CHO A fractionis avery
rapidly fermentedwatersoluble,pool thatis largely composedf sugarsalthoughit alsocontains
organicacidsandshortoligosaccharideslhe CHO B1 fraction,with aslowerKd thanCHOA, is
primarily starchandpectin.The CHO B2 poolis composeaf availableNDF. The CHO C poolis an
indigestiblefraction,andit is computedasNDFxLigninx2.4(% of dry matter).Theassumptionthat
the CHO A fractionis largely sugaris anoversimplification,anddoesnot accountfor the fact that
foragesandsilagescanhavea significantamountof organicacids.Organicacidsarenot utilized as
efficiently for microbialgrowthassugarsMicrobial growthfrom the organicacidfractionof CHO A
of silagesin thefeedlibrary is reducedoy 50%to adjustthis overestimatiorof microbialgrowth.
Proteinfractions(asa percentagef CP)aredescribedisinga schemesimilar to thatusedfor
carbohydratefroteinfraction A (PROTA) of CPis NPN thatentersheruminalammonigpool
directly. PROTB1 is true proteinthathasa rapid Kd andis nearlycompletelydegradedn therumen.
ThePROTC fractionis aciddetergentnsolubleprotein(ADIP) andis assumedo be unavailableThe
PROTBS3 or slowly degradedgroteinfractionis determinedy subtractinghe valuedeterminedor
ADIP from thevaluedeterminedor neutraldetergentnsolubleprotein(NDIP). The PROTB2
fraction,whichis partly degradedn therumen,is thenestimatedasthe differencebetweenCP andthe
sumof soluble+ B3 + C wherethe solubleproteinequalsA + B1. Intestinaldigestibility of CHO A
andB1is 100%,CHO B2 is 20%,andtheaminoacidintestinaldigestibility is assumedo be 100%for
B1 andB2, and80%for B3 proteinfractions.
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Please provide references pertinent to the development, evaluation, or application of the model.
DEVELOPMENT:

Fox,D. G.,L. O. TedeschiT. P. Tylutki, J.B. RussellM. E. Van Amburgh,L. E. ChaseA. N. Pell,andT. R.
Overton.2004.The CornellNet CarbohydratendProteinSystemmodelfor evaluatingherdnutrition and
nutrientexcretion Anim. FeedSci. Technol.112:29-78.

Russell J.B., J.D. O'ConnorD. G. Fox, P.J.Van SoestandC. J. Sniffen.1992.A netcarbohydratend
proteinsystemfor evaluatingcattlediets:l. RuminalfermentationJ. Anim. Sci. 70:3551-3561.

Sniffen,C. J.,J.D. O'ConnorP.J.Van SoestD. G. Fox,andJ. B. Russell.1992.A netcarbohydrateand
proteinsystemfor evaluatingcattlediets:ll. Carbohydratandproteinavailability. J. Anim. Sci.
70:3562-3577.

O'ConnorJ.D., C. J. Sniffen,D. G. Fox,andW. Chalupal1993.A netcarbohydrat@andproteinsystemfor
evaluatingcattlediets:1V. Predictingaminoacidadequacyd. Anim. Sci.71:1298-1311.

Pitt, R. E.,J.S.VanKesselD. G. Fox,A. N. Pell, M. C. Barry,andP.J.Van Soest1996.Predictionof
ruminalvolatile fatty acidsandpH within the netcarbohydrat@ndproteinsystem.J. Anim. Sci. 74:226-244.

TedeschiL. O.,D. G. Fox, L. E. ChaseandS. J. Wang.2000.Whole-herdoptimizationwith the Cornellnet
carbohydratandproteinsysteml. Predictingfeedbiological valuesfor diet optimizationwith linear
programmingJ. Dairy Sci.83:2139-2148.

TedeschiL. O.,D. G. Fox,andJ. B. Russell.2000.Accountingfor the effectsof aruminal nitrogendeficiency
within the structureof the Cornellnetcarbohydrat@ndproteinsystem.J. Anim. Sci. 78:1648-1658.

TedeschilL. O.,D. G. Fox,A. N. Pell,D. P.D. Lanna,andC. Boin. 2002.Developmentndevaluationof a
tropicalfeedlibrary for the CornellNet CarbohydrateandProteinSystenmodel.ScientiaAgricola. 59:1-18.

Fox,D. G.,L. O. TedeschiT. P. Tylutki, J.B. RussellM. E. Van Amburgh,L. E. ChaseA. N. Pell,andT. R.
Overton.2004.The CornellNet CarbohydrateandProteinSystemmodelfor evaluatingherdnutritionand
nutrientexcretion. Anim. FeedSci. Technol.112:29-78.

EVALUATION:

Alderman,G. 2001.A critique of the CornellNet CarbohydratandProteinSystemwith emphasi®n dairy
cattle.1. Therumenmodel.J. Anim. FeedSci. 10:1-24.

Alderman,G., J. FranceandE. Kebreab2001.A critique of the CornellNet Carbohydrat@andProteinSysten
with emphasi®n dairy cattle.2. The post-rumerdigestionmodel.J. Anim. FeedSci. 10:203-221.

Alderman,G., J. FranceandE. Kebreab2001.A critiqueof the CornellNet CarbohydratendProteinSysten
with emphasi®n dairy cattle.3. Therequirementsnodel.J. Anim. FeedSci. 10:361-383.

Molina, D. O.,I. MatamorosZ. Almeida,L. O. TedeschiandA. N. Pell. 2004.Evaluationof the dry matter
intakepredictionsof the CornellNet Carbohydrat@ndProteinSystemwith Holsteinanddual-purpose
lactatingcattlein thetropics.Anim. FeedSci. Technol.114:261-278.

Morenz,M. J.F.,J.F. CoelhodaSilva,L. J.M. Aroeira,F. DereszH. M. VasquezF. C.F. Lopes,D. S.C.
Paciullo,andL. O. Tedeschi2012.Evaluationof the CornellNet Carbohydrat@ndProteinSystemmodelon
thepredictionof dry matterintakeandmilk productionof grazingcrossbreadtows.RevistaBrasileirade
Zootecnia41:398-506.

Tedeschil. O.,W. Chalupak. JanczewskiD. G. Fox, C. J. Sniffen,R. Munson,P. J. Kononoff,andR. C.
Boston.2008.Evaluationandapplicationof the CPM Dairy nutrition model.J. Agric. Sci. 146:171-182.
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Ruminant Nutrition Models

Model: Mecsic Active: X Yes, (1 No

About the software:

Questions Responses
Development information:
Developed by INRA / Arvalis/ Institut de 1'Elevage (France)
Year of first developed 2004 ///2012
Year of last modification
Current version (major, minor, revision) Version 1
Country developed France
Used in which countries?
Has the model been independently evaluated? &3
Retail and support information:
Marketed by (name) Arvalis. Software named "JB-Box" available in september 2013
Phone
Website in progress!
Currency and price not decided
Format (downloadable, CD, DVD)
How often are updates available?
Maintenance cost (annual, monthly)
Supported by (technical/customer support)
Form of support (email, phone, face-to-face)

About the model usability: (1=very simple/easy ... 5 = very difficult)

Level of technical/nutritional knowledge required:
O 1/None @2/ Low OS/ Intermediate O4/ High OS/Advanced

Ability/readiness of the software/model to be used for climate change simulation:
Ol/ None @2/ Low OS/Intermediate O4/High OS/Advanced

Ability/readiness of the software/model to be used for sustainability/long-term simulation:
1/None @2/ Low 03/ Intermediate O4/ High OS/Advanced

Ability/readiness of the software/model to be used for Life Cycle Analysis:
Ol/ None @2/ Low O3/ Intermediate O4/ High OS/Advanced

Ability/readiness of the software/model to be used as Object-Oriented Module (integration):
1/None OZ/Low O3/Intermediate @4/High 5/Advanced

Ability/readiness of the software/model to be used for greenhouse gas (methane) production:
O 1/None @Z/Low O3/Intermediate O4/High OS/Advanced

Ability/readiness of the software/model to be used for nutrient excretion (e.g., N, P):
1/None OZ/ Low @3/Intermediate O4/High OS/Advanced
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About the model characteristics:
Is the model based on a previous model or publications? Which? Hoch Agabriel 2004 (Mecsic model)

What is the programming language of the model and the software? model : turbo pascal; software ?

What is the nature of the model: [x] deterministic or [ stochastic, [J empirical or [XImechanistic,
] static or [x] dynamic, [x] continuous or [ discrete, [1 homo-spatial or [ hetero-spatial, others

Recommended for use by: [x] farmers/producers, [*] nutritionists/consultants, [] veterinarians,
[ research/scientists, [*] teaching/student, [x] extension/outreach, [ others

What are the objectives/purposes of the model?

simulation of beef bulls body composition and growth during the finishing period

Specific description of the model (animal species, physiological stages, rumen/ intestinal/metabolism
submodels, levels of solution, lactation, growth, pregnancy, maintenance, body reserves,
energy/protein calculation):
Young bulls (dairy or beef) between 6 and 24 month old

Finishing period

simulation of daily growth daily ADG composition , LW EBW carcass weight, carcass
composition total muscle and fat, weight of 3 muscles of interest.

How is feed intake predicted?

Model of intake from characteristics of animal and characteristic of feedstuffs (chemical analysis)

What are the input requirements (characterization) for animal, feeds, environment, others
animal : breed age, initial LW, initial BCS
feedstuffs : types (forages concentrates), chemical analysis, time of distribution (in days)
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Please provide more detailed information about the model engine and functions, user interface
(graphical, command, oriented), and specify key input parameters and outputs. For example, it is
important to know if the model predicts methane and how, manure output (urine + feces, or
separate), mineral and vitamin requirements, animal species and types, etc.

input model linked with a growth model (Mecsic (4 compartments and 28 parameters) )
working with daily MEnergy available /day.

Prediction of growth and carcass composition and quality.

User interface will be graphical : first full version july 2013.
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Please provide references pertinent to the development, evaluation, or application of the model.

Hoch T., Agabriel J., 2004. A mechanistic dynamic model to estimate beef cattle growth and
body composition : 1. Model description. Agricultural Systems, 81, 1-15.

Hoch T., Agabriel J., 2004. A mechanistic dynamic model to estimate beef cattle growth and
body composition : 2. Model description. Agricultural Systems. 81, 17-35

Garcia F., Sainz R.D., Agabriel J., Barioni L.G., Oltjen J.W., 2008.Comparative analysis of two
dynamic mechanistic models of beef cattle growth. Animal Feed Science and Technology, 143,
220-241.

229. Ferard A., Bastien D., Cabon G., Micol D. Agabriel J., Garcia-Launay F. 2012
BEEFBOX, un simulateur dynamique des performances de croissance et d’abattage de jeunes
bovins selon le régime d’engraissement Renc. Rech. Ruminants, 2012, 19 317-320.
(reference free available in French (summary in english) on the website www.journees3R.fr
bottom of page : texte en ligne )
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Ruminant Nutrition Models

Model: Molly Active: X Yes, [1 No

About the software:

Questions Responses

Development information:
Developed by R.L. Baldwin
Year of first developed 1978
Year of last modification 2012
Current version (major, minor, revision) Variousversionsexist
Country developed USA
Used in which countries? USA, Australia,NZ
Has the model been independently evaluated? RS

Retail and support information:
Marketed by (name) Molly
Phone
Website
Currency and price Free
Format (downloadable, CD, DVD) http://www.vmtrc.ucdavis.edu/metabolic
How often are updates available? Yearly
Maintenance cost (annual, monthly) Variable
Supported by (technical/customer support) none
Form of support (email, phone, face-to-face) none

About the model usability: (1=very simple/easy ... 5 = very difficult)

Level of technical/nutritional knowledge required:
( )1/None ( )2/Low ()3/Intermediate @4/High ( )5/Advanced

Ability/readiness of the software/model to be used for climate change simulation:
@1/None @2/Low @3/Intermediate @4/High @5/Advanced

Ability/readiness of the software/model to be used for sustainability/long-term simulation:
@ 1/None @ 2/Low @ 3/Intermediate @ 4/High @ 5/Advanced

Ability/readiness of the software/model to be used for Life Cycle Analysis:
@1/None @2/ Low @3/Intermediate @4/ High @5/Advanced

Ability/readiness of the software/model to be used as Object-Oriented Module (integration):
@1/None @2/ Low @3/Intermediate @4/ High @5/Advanced

Ability/readiness of the software/model to be used for greenhouse gas (methane) production:
( )1/None ()2/Low ( )3/Intermediate () 4/High (e)5/Advanced

Ability/readiness of the software/model to be used for nutrient excretion (e.g., N, P):
@ 1/None @ 2/Low @ 3/Intermediate @ 4/High @ 5/Advanced
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About the model characteristics:

Is the model based on a previous model or publications? Which? Baldwin's (1995) book
What is the programming language of the model and the software? ACSL

What is the nature of the model: deterministic or [J stochastic, [] empirical or XImechanistic,

Recommended for use by: [1 farmers/producers, [ nutritionists/consultants, [ veterinarians,
[x] research/scientists, [*] teaching/student, [] extension/outreach, L] others

What are the objectives/purposes of the model?

to evaluateconceptsaanddataconcerninghe underlyingmetabolicprocessewhich dictate
productiveefficiencyin dairy cattle.

Specific description of the model (animal species, physiological stages, rumen/ intestinal/metabolism
submodels, levels of solution, lactation, growth, pregnancy, maintenance, body reserves,
energy/protein calculation):

Animal Species BeefandDairy Cattle

PhysiologicalStage- lactating,dry

Submodels mostlyrumenbut alsoincludespostrumennutrientmetabolism
Level of solution- deterministic

Lactation- predictsfor thewholelactationperiod

Growth- similar model(Davis Growth Model) doesgrowth

Pregnancy included

Maintenancek Bodyreserves it is mechanisticoit is includedin themodel

How is feed intake predicted?
Feedintakeis aninputin themodel

What are the input requirements (characterization) for animal, feeds, environment, others
Animal: BW, BCS,physiologicalstate

Feed.dietarystarch NDF, ADF, lignin, ash,etherextract,CP,acetatelactate butyrate.
Feedprotein:soluble,ruminally undegradedNPN, andureain CP equivalents

FeedCHO: solubleandruminally undegradedtarch(% of starch)ruminally undegradedDF
Environmentiatitudeandday of theyear.
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Please provide more detailed information about the model engine and functions, user interface
(graphical, command, oriented), and specify key input parameters and outputs. For example, it is
important to know if the model predicts methane and how, manure output (urine + feces, or
separate), mineral and vitamin requirements, animal species and types, etc.

Themodelhasa visualbasicuserinterfaceandin the backgroundunsin ACSL (advanced

continuoussimulationlanguage)lt is fairly easyto enterinputs(if you knowthediet) andalso
easyto getoutputs.

Themodelbridgesgapbetweerbasicknowledgeof cow digestionandmetabolismandanimal
performanceAbsorptionis simple(straightpercentaged)ut metabolismis fairly detailedandit
connectsutrient,intake,metabolismandmilk productionin amechanistiavay. Molly has
limited capabilityfor predictingreproductionhealth,managemerandenvironment
(temperaturetc).For reproductiortherearesomespecificequationghatdealswith whenthe
animalis pregnantFor geneticghereis only oneparametefuddercells)- it setsthegenetic
potentialto producemilk.

Molly hasaboutl5 statevariablesuchasAmino acids,glucose acetatefatty acids,adipose

triglycerides body protein,plasmaureanitrogen,visceralprotein,ammoniajargeparticles,
smallparticlesmicrobesRumenVFAs.

FeedinputsrequiredareDry matterintake,solubleash,cellulose hemicellulosesoluble,
insolubleprotein(you canalsouseonly crudeprotein),solublecarbohydratesstarch lipid

You canrunfor thewholelactation,dry heroff andthenrestartagain.Or you cando within
daysimulationsaswell (notusedoften).

Outputsincludemilk production(andcomposition) methaneemissionsfecalexcretion(of
differentnutrients)andpregnancydependingon physiologicalstate).
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Please provide references pertinent to the development, evaluation, or application of the model.

Themodelhasbeenmodified somanydifferentwaysandtherearea multiple copiesof the
model.Dr. Mark Haniganhasdonesomemodificationsto enzymekinetics,particularlyon the
N metabolismDr. JohnMcNamarahasaddedsomeequationn reproduction.

References

Baldwin,R. L., J.FranceD. E. Beever M. Gill, andJ.H. Thornley.1987aMetabolismof the
lactatingcow. Ill. Propertief mechanistionodelssuitablefor evaluationof energetic
relationshipsandfactorsinvolvedin the partitionof nutrients.J. Dairy Res.54:133-145.

Baldwin,R. L., J.FranceandM. Gill. 1987b.Metabolismof thelactatingcow. |. Animal
elementof amechanistienodel.J. Dairy Res.54:77-105.

Baldwin,R.L., J.H. Thornley,andD. E. Beever.1987c.Metabolismof thelactatingcow. II.
Digestiveelementsof amechanistienodel.J. Dairy Res.54:107-131.

Baldwin,R. L. 1995.ModelingruminantdigestionandmetabolismChapmarandHall,
London,UK.

Gregorini,P.,P.C. BeukesM. D. Hanigan,G. Waghorn S. Muetzel,andJ. P. McNamara.
2013.Comparisorof updatedo the Molly cow modelto predictmethangroductionfrom dairy
cowsfed pastureJ. Dairy Sci. 96:5046-5052.

Hanigan M. D., H. G. Bateman,). G. Fadel,J. P. McNamaraandN. E. Smith.2006.An
ingredient-basethput schemdor Molly. Pages328-348in NutrientDigestionandUtilization
in FarmAnimals: A Modelling Approach.E. Kebreab J. Dijkstra, A. Bannink,W. Gerrits,and
J.Francegd.CAB InternationalWalingford, UK.

HaniganM. D., H. G. Bateman,). G. Fadel,andJ. P.McNamara2006.MetabolicModelsof
RuminantMetabolism:RecenimprovementandCurrentStatus. J. Dairy Sci.89: E52-64E.

HaniganM. D., A. G. Rius,E. S.Kolver,andC. C. Palliser.2007.A redefinitionof the
representationf mammarycellsandenzymeactivitiesin alactatingdairy cow model.J. Dairy
Sci.90:3816-3830.

Hanigan M. D., C. C. Palliser,andP. Gregorini.2009.Altering therepresentationf hormones
andaddingconsideratiorof gestationametabolismn a metaboliccow modelreduced
predictionerrors.J. Dairy Sci. 92:5043-5056.

HaniganM. D., J.A. D. R. N. AppuhamyandP. Gregorini.2013.Reviseddigestiveparamete
estimategor the Molly cow model.J. Dairy Sci. 96:3867-3885.

McNamara,J. P.,2010.Integratingtranscriptomiaegulationinto modelsof nutrient
metabolismin agriculturalanimals. Pp27-37 in EnergyandProteinMetabolismandNutrition,
EAAP Pub.No. 127,WageningerAcademicPressG. MatteoCrovetto,Ed. Plenarylectureat
ISEPmeetingsParmaljtaly, Sept.2010.

McNamara,J. P.2012.Integratingnutritional,geneticandreproductivenanagemerin early
lactationdairy cattle.J. Animal Sci. 90:1846-1854.
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Ruminant Nutrition Models

Model: NorFor Active: X Yes, (1 No

About the software:

Questions Responses

Development information:
Developed by Voldenandcollaborators
Year of first developed 2003-2009
Year of last modification Themodelandtools (on-line& off line) areupdatedwice peryear
Current version (major, minor, revision) 1.75
Country developed Denmark SwedenNorwayandiceland
Used in which countries? Denmark,SwedenNorwayandlceland
B g ol (o T B e [ = o [T AR [TE LS B2 Yes, EAAP publicationno 130,2011(Ed: HaraldVolden)
Retail and support information:
Marketed by (name) Dairy Mgt .System(Denmark);IndividRam(Sweden) Optifor (Norway/Iceland!
Phone 0045-30921725
Website norfor.info
Currency and price 150-1200eurol/year
Format (downloadable, CD, DVD) On-line (downloadablén DK, NO & Ice - off-line in Sweden)
How often are updates available? Updatesfreeof chargewice peryear
Maintenance cost (annual, monthly)
Supported by (technical/customer support) Hotline —technical& biological (free of charge/parof yearly subscription)
Form of support (email, phone, face-to-face)

About the model usability: (1=very simple/easy ... 5 = very difficult)

Level of technical/nutritional knowledge required:
( )1/None (e)2/Low ()3/Intermediate @4/High ( )5/Advanced

Ability/readiness of the software/model to be used for climate change simulation:
@1/None @2/Low @3/Intermediate @4/High @5/Advanced

Ability/readiness of the software/model to be used for sustainability/long-term simulation:
@ 1/None @ 2/Low @ 3/Intermediate @ 4/High @ 5/Advanced

Ability/readiness of the software/model to be used for Life Cycle Analysis:
@1/None @2/ Low @3/Intermediate @4/ High @5/Advanced

Ability/readiness of the software/model to be used as Object-Oriented Module (integration):
@1/None @2/ Low @3/Intermediate @4/ High @5/Advanced

Ability/readiness of the software/model to be used for greenhouse gas (methane) production:
(®)1/None ()2/Low ( )3/Intermediate () 4/High (_)5/Advanced

Ability/readiness of the software/model to be used for nutrient excretion (e.g., N, P):
@1/None @2/Low @3/Intermediate @4/High @5/Advanced
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About the model characteristics:
Is the model based on a previous model or publications? Which? Yes. See references

What is the programming language of the model and the software?

What is the nature of the model: deterministic or [J stochastic, [] empirical or XImechanistic,

Recommended for use by: [x] farmers/producers, [*] nutritionists/consultants, [ veterinarians,
[x] research/scientists, [*] teaching/student, [] extension/outreach, [ others Feed companies

What are the objectives/purposes of the model?

NorForis usedfor dairy cows,dairy heifersanddairy bulls andbeefyoungstock

Specific description of the model (animal species, physiological stages, rumen/ intestinal/metabolism
submodels, levels of solution, lactation, growth, pregnancy, maintenance, body reserves,
energy/protein calculation):

Seedetailedinformationbelow.

How is feed intake predicted?
Feedintake:eachfeedstuffhasaFill value(dependentn NDF & OMD) andthe cow hasa Capacity(dependenon DIM, BW, & ECM)

What are the input requirements (characterization) for animal, feeds, environment, others

NorForcanestimateN, P & K in fecesandurine (relativelysimpleequations)
NorForcanestimatemethane(relatively simpleequations)
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Please provide more detailed information about the model engine and functions, user interface
(graphical, command, oriented), and specify key input parameters and outputs. For example, it is
important to know if the model predicts methane and how, manure output (urine + feces, or
separate), mineral and vitamin requirements, animal species and types, etc.

Scientificbasisfor “parts” of NorForis partly inspired/basedn othermodels:
+ A Norwegiandigestionmodel(Volden,2001)
+ A Dutchnetenergysystem(Van Es, 1978)
+ A modified DanishDMI-system(Kristensen,1997)
+ A Danishstructurevaluesystem(Ngrgaard2009)
+ A modified Frenchsystemfor growth (INRA, 1989)
+ Lots of datafrom Nordic universitiesfor developmenandtestingof NorFor
+ Min & Vit requirementsrefrom Nordic recommendationandNRC (2001)

TheNorFormodelcanbedividedinto five parts:

1) aninput sectionthatdescribesnimalandfeedcharacteristics

2) amodulethatsimulategprocesses thedigestivetractandtheintermediarymetabolismtermedthe feed
rationcalculatorFRC

3) amodulethatpredictsfeedintake

4) amodulethatpredictsthe physicalstructureof thediet

5) anoutputsectionthatdescribesutrientsupply,nutrientbalancesandproductionresponse

Energyis calculatedcasnetenergyfor lactationandboth ECM andproteinyieldsarepredictedInteractions
betweeranimalcharacteristicfeedinglevel andfeedcompositionaretakeninto accountwhencalculating
nutrientsupply.This implicatesthatenergyandproteinvaluesfor individual feedsarenot constanor additive.

With the NorFormodelfeedrationsareformulatedby a non-lineareconomicabptimization.This meanghat
NorForfinds thecheapestombinationof feedingredientghatmeetsthe nutritional requirementslt is possibleto
optimizefrom 84 nutritionalvariablesn NorFor,butthe defaultsettingin the nationalclientsareeightnutritional
constraints.

TheNorFormodelmakest possibleto betterpredictthe“true” feedingvalueof aration,which resultsin amore
efficientfeedutilization with economicaswell asenvironmentabdvantages.

Developments underwayfor dairy calvesandbeefcows.

Hvelplund,T. andMadsen,J. 1990.A studyof the quantitativenitrogenmetabolismn the gastro-intestinairact,
andtheresultantnew proteinevaluationsystemfor ruminants.The AAT-PBV system.The RoyalVetenariarand
Agricultural University, CopenhagerDenmark.

INRA - Institut Nationaldela Recherché\gronomique 1989.Ruminantnutrition: Recommendedllowances
andfeedtables.JohnLibbeyandCo Ltd, London.389pp.

KristensenV.F. 1995.Forudsigelsemaf foderoptagelsehosmalkekgerinternrapportnr 61. Statens
Husdyrbrugsforsg®8 pp.

NgrgaardP.,E. NadeauandA. Randby.2010.A newNordic structureevaluationsystemfor dietsfed to dairy
cows.In: Modelling nutrientdigestionandutilizationin farm animals.Eds:D. Sauvant,J. McNamaraandJ.
France WageningerAcademicPublishers.

VanEs,A.J.H.1978.Feedevaluationfor ruminantsl. Thesystemin usefrom May 1978onwardsn the
NetherlandsLivestockProd.Sci.5:331-345.

Volden.H. 2001.Utvikling av et mekanistisksystemfor vurderingav for til dravtyggereAAT-modellen.!:
Foropptakog férmiddelvurderinchosdravtyggereFagseminaf 8.-19.septembe2001.30 pp.
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Please provide references pertinent to the development, evaluation, or application of the model.

Volden,H. 2011.NorFor- TheNordic FeedEvaluationSystemWageningerAcademic
PublishersWageningenThe Netherlands.
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Ruminant Nutrition Models

Model: RUMINANT Active: X Yes, (I No

About the software:

Questions Responses

Development information:
Developed by Mario Herrero,Neil JessomndRoy Fawcett
Year of first developed 1997
Year of last modification 2002
Current version (major, minor, revision) 3
Country developed UK andKenya
Used in which countries? Mexico, Brazil, CostaRica, Bolivia, Spain throughoutAfrica, for globalanalyses
Has the model been independently evaluated? RS
Retail and support information:
Marketed by (name) Mario Herrero
Phone +61477764244
Website
Currency and price Free
Format (downloadable, CD, DVD) Downloadable
How often are updates available? As needed
Maintenance cost (annual, monthly) None
Supported by (technical/customer support) Limited technicalsupport
Form of support (email, phone, face-to-face) Email

About the model usability: (1=very simple/easy ... 5 = very difficult)

Level of technical/nutritional knowledge required:
( )1/None ( )2/Low ()3/Intermediate @4/High ( )5/Advanced

Ability/readiness of the software/model to be used for climate change simulation:
@1/None @2/Low @3/Intermediate @4/High @5/Advanced

Ability/readiness of the software/model to be used for sustainability/long-term simulation:
@ 1/None @ 2/Low @ 3/Intermediate @ 4/High @ 5/Advanced

Ability/readiness of the software/model to be used for Life Cycle Analysis:
@1/None @2/ Low @3/Intermediate @4/ High @5/Advanced

Ability/readiness of the software/model to be used as Object-Oriented Module (integration):
@1/None @2/ Low @3/Intermediate @4/ High @5/Advanced

Ability/readiness of the software/model to be used for greenhouse gas (methane) production:
( )1/None ()2/Low ( )3/Intermediate  (®)4/High (_)5/Advanced

Ability/readiness of the software/model to be used for nutrient excretion (e.g., N, P):
@1/None @2/Low @3/Intermediate @4/High @5/Advanced
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About the model characteristics:

Is the model based on a previous model or publications? Which? 1lius and Gordon (1991), AFRC (1993) CNCPS (1992)
What is the programming language of the model and the software? C++

What is the nature of the model: deterministic or [J stochastic, [x] empirical or [Imechanistic,

Recommended for use by: [1 farmers/producers, [*] nutritionists/consultants, [x] veterinarians,
[x] research/scientists, [x] teaching/student, [x] extension/outreach, L] others

What are the objectives/purposes of the model?

Specific description of the model (animal species, physiological stages, rumen/ intestinal/metabolism
submodels, levels of solution, lactation, growth, pregnancy, maintenance, body reserves,
energy/protein calculation):

Seedetailsbelow.

How is feed intake predicted?

The modelestimatesntakeof thebasalfeedendogenouslfrom physicalfill constraintanddegradatiorandpassageates

What are the input requirements (characterization) for animal, feeds, environment, others

Theinputsfor animalarebreed bodyweight,bodyweightata givenbodycompositionage,
physicalactivity, bodyconditionscore milk productionandcomposition.Theinputsfor feed
arecrudeprotein,etherextract,ash(micro andmacrominerals) neutraldetergenfiber, soluble

carbohydrateljgnin, solubleprotein,insolublebut degradablgrotein,andfractionalratesof
ruminaldegradation.

Form Template v. 1.1 [2] April 4, 2013



Please provide more detailed information about the model engine and functions, user interface
(graphical, command, oriented), and specify key input parameters and outputs. For example, it is
important to know if the model predicts methane and how, manure output (urine + feces, or
separate), mineral and vitamin requirements, animal species and types, etc.

Themodelconsistof a dynamicsectionthatestimatesntakeandthe supplyof nutrientsto the
animalfrom knowledgeof thefermentatiorkineticsandpassag®ef feedconstituents
(carbohydratendprotein)throughthe gastrointestinalractandtheir subsequergxcretion,
whereasanothersectiondeterminegheir nutrientrequirementsisingwell-recognizerinciples
(8). Feedsaredescribedy four mainconstituentsash,fat, carbohydrateandprotein. Theseare
dividedinto soluble,insolublebut potentiallydegradableandindigestiblefractions(9, 8). For the
ith feedstuff,the carbohydratdractionsrepresenhonstructuratarbohydrategsolCHOI),
potentiallydigestiblecell wall, andtheindigestibleresidue For concentratéeeds the proportion
of starchin thesolCHOiis alsorequired(7). Starchandfat in foragesarealmostnegligible(10),
buttheymaybeimportantfractionsin grains(11, 12). The proteinfractionsdescribecerearethe
sameasthoseestimatedn the metabolizablgrotein(MP) systemproposedy AFRC (8), with
thedifferencethattheir representatiom this modelis dynamic.For example the poolsof soluble
protein,degradablg@rotein,andundegradegroteinrepresenthetermsquickly andslowly
degradectrudeproteinandundegradedrudeproteinof the AFRC MP system(8), respectively.
Theseareobtainedusingin vitro (i.e.,gasproductionor in vitro digestibilities)or in situ methods
(dacronbags) Exceptiondo thisrule aresilageswhich additionallyrequireknowledgeof organic
acidsandammoniaconcentrationsandfeedswith high concentrationsf starchfor which this
informationis necessaryThe poolsof digestedhutrientsobtainedirom the modelareused to
calculatethe supplyof nutrients,namelymetabolizableenergyandprotein,to theanimals.The
modeltakesasinputsthe quantitiesof fermentablenutrientsavailablein a particulartime stepand
returnsasoutputsthe productsof fermentationTheinputsare(i) fermentablecarbohydrate
separatedhto simplesugarsstarch andcell wall material;(ii) fermentablenitrogenseparated
into ammoniaandprotein;and(iii) lipid, eachsummedacrosghevariousfeedconstituents,
togethemith the microbialpool size.The outputsarethe quantitiesof newmicrobialmatter.the
individual volatile fatty acids(VFAs) acetatepropionateandbutyrate methang CH4), ammonia
andunfermenteatarbohydratedt is assumedhatthereis only a singlepool of microorganisms
of fixed composition(13). Themicrobialmaintenanceequirementvassetat 1.63mmolesATP
pergramof microbialdry matter(DM) perhour(14).Thequantitiesof individual VFAs andCH4
producedarecalculatedaccordingo the quantitiesof differentsubstrategermentedusingthe
stoichiometrie®f Black etal. (13). Microbial growthis thusdependantn bothfermentable
nitrogen(eitherasproteinor ammoniajandfermentablecarbohydratsupply. Thereis no fixed
upperlimit to the quantityof microbialmatterproducedthe lower limit is zerogrowth. If
fermentablenitrogensupplylimits theamountof fermentablecarbohydratehatcanbeused,
unfermenteatarbohydratés returnedo theappropriateumenpool, thusreducingthe effective
rateof carbohydratéermentationThe modelis genericandcansimulateanimalsof different
bodyweightsbecaus@f theincorporationof allometricrulesfor scalingpassageates.The model
alsoincludesexplicit protein—energynteractionsfeedinglevel effectson passageates,andpH
effectson cell wall degradatiomates.Theseaspectareessentiafor predictingstoichiometry
changesthe effectof differentsupplementationegimesandthe substitutioneffectsof forages
andconcentrates/alidationshavebeencarriedout for morethan80 tropicalandtemperataliets
andtheresults(i.e., intakeresidualst 5 g/kg bodyweight™0.75)suggesthatthe modelhasthe
requiredaccuracynotonly asaresearchool butalsofor providingdecisionsupportatthefarm
level. Amongits manyusesthe modelhasbeenpreviouslyusedfor estimatingCH4 emission
factorsof tropicallivestock(15).

Form Template v. 1.1 [3] April 4, 2013



Please provide references pertinent to the development, evaluation, or application of the model.
DEVELOPMENT:

Herrero,M. 1997.Modelling dairy grazingsystemsanintegratedapproachPhd ThesisUniversity of Edinburgh Edinburgh,Scotland
(first descriptionof themodel)

HerreroM, FawcettRH, JessopNS (2002) PredictingintakeandNutrient Supplyof Tropicaland Temperatéietsfor Ruminants
Usinga SimpleDynamicModel of Digestion.BioparametriclRuminantNutrition Referenced.aboratoriesMonograph(Instituteof
EcologyandResourcéManagementiniversity of Edinburgh,UK).

EVALUATION andAPPLICATION:

Herrero,M., FawcettR.H. andDent,J.B.1999.Bio-economicevaluationof dairy farm managemergcenariosisingintegrated
simulationandmultiple-criteriamodels. Agricultural Systems2: 149-168.

VargasB., Herrero,M. andvanArendonk,J.A.M. 2001.Interactionsbetweerpptimal culling andinseminatiorpoliciesandfeeding
strategiesn dairy herds LivestockProductionSciences9, 17-31.

VargasB., Groen,A., Herrero,M. andvanArendonk,J.A.M. 2002.Economicvaluesfor productionandfunctionaltraitsin Holstein
cattleof CostaRica. LivestockProductionSciencer5,101-116.

Castelan-Ortegd., Fawcett,R.H., Arriaga, C. andHerrero,M. 2003.A decisionsupportsystemfor smallholdercampesino
maize-cattlgproductionsystemsof the TolucaValley in CentralMexico. 1. Integratingbiologicalandsocio-economienodelsinto a
holistic system Agricultural Systems75, 1-21.

Castelan-Ortegd®)., Fawcett,R.H., Arriaga,C. andHerrero,M. 2003.A decisionsupportsystenfor smallholdercampesino
maize-cattlgoroductionsystemof the TolucaValley in CentralMexico. 2. Emulatingthe farming system Agricultural Systems/5,
23-46.

WaithakaMM., Thornton,PK., ShepherdkKD. andHerrero,M. 2007.Bio-economicevaluationof farmers’perception®f sustainable
farmsin WesterrKenya.Agricultural System$0, 243-271.

Gonzalez-Estrad&., RodriguezL. C.,Walen,V. K. ,Naab,J.B., JawooK., JonesJ.W., Herrero,M., andThornton,P.K. 2008.
Carbonsequestratioandfarmincomein WestAfrica: Identifying bestmanagemerpracticesor smallholderagriculturalsystemsn
northernGhanaEcologicalEconomics$7,492-502.

Herrero,M., Thornton,P.K.,Kruska,R. andReid,R.S.2008.Systemslynamicsandthe spatialdistributionof methaneemissions
from African domestiacuminantsto 2030.Agriculture, Ecosystemg&: Environmentl26,122-137.

Zingore,S. Gonzalez-Estrad&., Delve,R.J.,Herrero,M. Dimes,JandGiller K , 2009.An integratedevaluationof strategiegor
enhancingroductivityandprofitability of resource-constrainesinallholderfarmsin Zimbabwe Agricultural Systemsl01,57-68.

vanBreugel,P.,Herrero,M., vande Steeg,).,PedenD. 2010.Livestockwateruseandproductivityin the Nile Basin.Ecosystem43,
205-221.

ThorntonP K andHerrero,M 2010. The potentialfor reducednethaneandcarbondioxide emissiongrom livestockandpasture
managemerih thetropics. PNAS107,19667-19672.

Bryan,E., Ringler,C., Okoba,B., Koo, J.,Herrero,M. andSilvestri,S.2012. Canagriculturesupportclimatechangeadaptation,
greenhousgasmitigationandrural livelihoods?Insightsfrom Kenya.Climatic Change 118:151-165.

Havlik, P.etal. (2013)Cropproductivityandthe globallivestocksector:implicationsfor landusechangeandgreenhousegas
emissionsAm JAgric Econ95,442-448.

Havlik, P.Herrero,M., Valin, H., ObersteinerM., Schmid,E., Rufino, M., Mosnier,A., BétcherH., Frank,S.,Fritz, S.,Fuss,S.,
Kraxner,F., NotenbaertA andThornton,P.K..2013.Therole of livestocksystemgransitionin thefuture food productionandclimate
changemitigation.PNAS (submitted)

Herrero,M., Havlik, P.,NotenbaertA., Rufino, M., Thornton,P.,ObersteinerM., Blimmel,M., Duncan,A., Wright, . 2013.Global
livestocksystemsbiomassuse,production feedefficiency,andGHG emissionsPNAS (submitted)

SearchingerT., NotenbaertA., Herrero,M., Thornton,P.,Estes].., RubensteinD., Beringer,T. 2012.Trade-offsin the usesof
Africa’s woodlandsandwettersavannasPNAS (submitted)

Heinke,J.,LannerstadM., Hoff, H., Miller, C., Herrero,M., Havlik, P.,GertenD., PedenD., NotenbaertA., Rockstrém,J.2013.
Currentpatternsof globalwaterconsumptiorby livestock.PNAS (submitted)

Lotze-Campenti., Weindl, I., Popp,A., Miller, C., Schmitz,C., Rolinski, S.,Havlik, P.,Herrero,M. 2013.Climatechangampacts
andthe costsof adaptatiorin globallivestockproductionsystemsPNAS (submitted).
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Ruminant Nutrition Models

Model: Small Ruminant Nutrition System  Active: X Yes, [ No

About the software:

Questions Responses

Development information:
Developed by VajeshDurbal
Year of first developed 2000(asCornellNet Carbohydrat@ndProteinSystenfor Sheep)
Year of last modification 2012
Current version (major, minor, revision) 1.9.4468
Country developed USA
Used in which countries? Worldwide
Has the model been independently evaluated? RS
Retail and support information:
Marketed by (name) TexasA&M Universityunderlicensefrom Cornell University
Phone +1-979-845-5065
Website http://nutritionmodels.tamu.edu/srns.html
Currency and price US$300 (commercial)US$ 150 (faculty), or free (students)
Format (downloadable, CD, DVD) Downloadable
How often are updates available? As neededno plansto updateit
Maintenance cost (annual, monthly) None
Supported by (technical/customer support) Limited technicalsupport
Form of support (email, phone, face-to-face) Email

About the model usability: (1=very simple/easy ... 5 = very difficult)

Level of technical/nutritional knowledge required:
( )1/None ( )2/Low (®)3/Intermediate @4/High ( )5/Advanced

Ability/readiness of the software/model to be used for climate change simulation:
@1/None @Z/Low @3/Intermediate @4/High @5/Advanced

Ability/readiness of the software/model to be used for sustainability/long-term simulation:
@ 1/None @ 2/Low @ 3/Intermediate @ 4/High @ 5/Advanced

Ability/readiness of the software/model to be used for Life Cycle Analysis:
@1/None @2/ Low @3/Intermediate @4/ High @5/Advanced

Ability/readiness of the software/model to be used as Object-Oriented Module (integration):
@1/None @2/ Low @3/Intermediate @4/ High @5/Advanced

Ability/readiness of the software/model to be used for greenhouse gas (methane) production:
( )1/None (e)2/Low ( )3/Intermediate () 4/High (_)5/Advanced

Ability/readiness of the software/model to be used for nutrient excretion (e.g., N, P):
@1/None @2/Low @3/Intermediate @4/High @5/Advanced
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About the model characteristics:
Is the model based on a previous model or publications? Which? CNCPS for Sheep

What is the programming language of the model and the software? MS Visual Studio 2010

What is the nature of the model: deterministic or [J stochastic, [x] empirical or [Imechanistic,

Recommended for use by: [1 farmers/producers, [ nutritionists/consultants, [x] veterinarians,
[ research/scientists, [x] teaching/student, [x] extension/outreach, [x] others

What are the objectives/purposes of the model?

Evaluatesheepandgoatdiets,by estimatingnutrientsupply,animalrequirementsandwhole
animalandrumennutrientbalance.

Specific description of the model (animal species, physiological stages, rumen/ intestinal/metabolism
submodels, levels of solution, lactation, growth, pregnancy, maintenance, body reserves,
energy/protein calculation):

Sheepmndgoats(dairy, meat,wool, indigenous)n all physiologicalstageslt includesarumen
submodebasednthe CNCPSfor cattleapproachmodifiedin the equationdo predictfeed
andliquid passageate.DoesnotincludemetabolismsubmodelsOnly onelevel of solution
(equivalenof level 2 of the CNCPS).It predictsenergy proteinCaandP requirementgor all
functions:maintenancegold stressgrowth,wool productionmilk productionpregnancy,
bodyreservegenergy fat, andprotein).

How is feed intake predicted?
Empiricalequationgor variousanimalcategoriesnostlybasedn requirementgnofilling effectsconsidered

What are the input requirements (characterization) for animal, feeds, environment, others

Inputsfor animals:speciescategoryage,currentBW, matureBW, wool depth,cleanwool
production currenttemperatureprevioustemperature,wingpeedrainfall, horizontaldistance
walked,verticaldistancevalked,BCS,dayspregnantjambor kid birth weight, milk yield,
milk fat contentandmilk proteincontent.

Feedsamountscost,standardeedcomposition CNCPSproteinand CHO fractions,peNDF,
degradatiomates,CHO, protein,fat andashintestinaldigestibility, Ca,andP.
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Please provide more detailed information about the model engine and functions, user interface
(graphical, command, oriented), and specify key input parameters and outputs. For example, it is
important to know if the model predicts methane and how, manure output (urine + feces, or
separate), mineral and vitamin requirements, animal species and types, etc.

Inputs:seeabove

Outputs:

a) rumenN andpeptidebalancerumenpH, wholeanimalenergy MP, CaandP supply,
requirementandbalancerold stresscosts;daysto gainor losel BCS; milk from reservesMP
from feedandof bacterialorigin, costof ureaexcretion;

b) in growinganimalsonly: composition(fat, protein,water+minerals)of thegain,average
daily gain

c¢) fecesamountandcompositionNo informationprovidedon urinary N excretionandmethane
production;

Animal speciessheepandgoatsof all categorieggrowing, mature lactating,pregnantdry,
adultmales)
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Please provide references pertinent to the development, evaluation, or application of the model.

CannadA., FoxD.G., TedeschL.O., PellA.N., Van SoestP.J.2003.A mechanistienodelto predictnutrientrequirementsindfeed
biologicalvaluesfor sheepn eachuniqueproductionsituation.Book of Abstractsof the 54th Annualmeetingof the EuropearAssociationof
Animal Production 31 August- 3 Septembe2003,Rome,ltaly, 346.(Abstr.)

CannasA., TedeschL. O.,FoxD. G.,PellA. N., Van SoestP. J..2003.Evaluationof the CNCPSsheepmodelfor predictingnutrient
requirementsandfeedbiological valueson farms.In: Word Conferenceon Animal Production9., PortoAlegre, Brasil. WAAP, 17. (Abstr.)

CannasA., TedeschL.O., FoxD.G.,PellA.N., Van Soest?.J.2004.A mechanistianodelto predictnutrientrequirementandfeed
biologicalvaluesfor sheepJournalof Animal Science82,149-169.

CannadA., TedeschL.O., FoxD.G. 2006.SmallRuminantNutrition System:a computermodelto developfeedingprogramsor sheepand
goats.Journalof Dairy Science89 (Suppl.1), 376.(Abstr.)

CannadA., TedeschL.O., Atzori A.S.,FoxD.G., 2006.Predictionof energyrequirementor growingsheepwith the CornellNet
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