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Improving AMTS predictions via Inputs 

What are models such as AMTS.Cattle.Pro? Really nothing more then very complex calculators that 
take inputs and predict animal performance. For a long time, we have listened about all these great 
new feed analysis methods that will help us improve our formulations. But, one area that we generally 
fail to recognize as critical is the locations and cattle description inputs. With users around the world, 
we have cattle being fed in feedlots, tropical conditions on dry-lots, grazing systems (extensive and 
intensive), tie-stalls in old-bank barns, and modern free-stalls. This has given us a lot of experience in 
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how to define and describe the importance of multiple inputs. This document will go through the 
critical inputs and give examples of what impact they have on model predictability. 


If you would like to follow through these examples, create a new farm file and use these for inputs:


1. Create 1 location

1. our base will use the default inputs


2. Create 4 cattle groups within this location (all with default inputs)

1. Lactating Dairy Cow

2. Dry Cow

3. Replacement Heifer

4. Grow/Finish


3. We will use 1 feed for each recipe

1. corn silage processed 30 DM 41 NDF coarse (ID number 03014)


4. Now go to recipes and create a recipe for the lactating dairy cow, add the corn silage and feed 53 
lbs DM.


Lactating Cows 
We will first go through Inputs for the lactating dairy cow. For each step, the previous change was 
kept. For example, the first step is dropping body weight 100 lbs. The second drops the temperature 
to 0F but still includes the body weight change.
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predicts really 
well as long as 
you have inputs 
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Tom Tylutki  
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Discussion: 
Changing location and cattle inputs can greatly alter the requirement calculations. As the tables above 
illustrate, simply changing bodyweight impacts ME maintenance 5% and predicted DMI 4%. When 
intake is held at a constant percentage as the base (the last run), we can see that being off 100 lbs on 

Base Inputted body 
weight 

dropped 100 
lbs

Current and 
Previous 

Temperature 
dropped to  

0 F

Current and 
Previous 

Temperature 
raised to 90 F

Flat distance 
walked 

increased to 
3,000 feet

ADG inputted 
to 0.25 lbs/d

ME Milk 82.18 lbs 83.81 83.51 78.88 77.97 75.6

MP Milk 40.03 40.20 40.20 40.20 40.2 38.0

forage NDF 
%BW

1.40 1.50 1.50 1.50 1.50 1.50

Predicted DMI 52.8-57.3 50.9-55.9 58.7-64.4 49.2-54.0 49.2-54.0 49.2-54.0

ME 
Maintenance

17.6 Mcal 16.7 16.8 19.2 19.6 19.6

MP from bact 1,335 g 1,334 1,334 1,334 1,334 1,334

Base Starch kd 
dropped to 15% 

per hour from 
33%

CHO B3 kd 
dropped from 
3.6% to 2.6% 

per hour

DMI dropped 5% Body weight and 
intake adjusted 

to inputted/
predicted = 

100.4% all other 
inputs as defaults

ME Milk 82.18 lbs 76.1 71.2 66.1 79.6

MP Milk 40.03 32.2 25.9 24.6 38.5

forage NDF 
%BW

1.40 1.50 1.50 1.43 1.44

Predicted DMI 52.8-57.263 49.2-54.0 49.2-54.0 49.2-54.0 50.9-55.9

ME Maintenance 17.6 Mcal 19.6 19.9 19.9 16.7

MP from bact 1,335 g 1,195 1,101 1,060 1,288
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bodyweight can result in our ME milk being off 4% as well. And MP from bacteria shifts. All of these 
changes occur due to bodyweight impacting maintenance requirements and passage rates. 


Given how sensitive the model (and cows) are to energy supply and requirements, any inputs we alter 
that change the maintenance requirement can greatly impact our predictions. It is important to point 
out that lactating cows are more heat sensitive then cold. This is because they generate massive 
amounts of heat from fermentation and metabolism. The example where DMI was dropped 5% 
included the high temperature, walking, ADG and changes in starch and fiber degradation rates. The 
5% drop in intake was still higher then the predicted change if total percentage intake would have 
remained constant (inputted DMI would need to drop to 49.3 lbs vs. 50.4). Even with this difference, 
notice how we dropped to 66 lbs ME allowable milk when we originally formulated for 82! The changes 
to degradation rates drop both mainly drop MP allowable milk. This is because we are predicting less 
rumen fermentation thus lower microbial MP as the MP from bacteria row shows. 


Many people ask about the activity values. It is a good idea to use the Activity Calculator tool found on 
the Locations Toolbar. In general, people severely underestimate the amount of walking cattle do. 


The other area where we find people underestimating requirements is average daily gain. Many people 
associate ADG with body condition score flux but these are independent events. Until a cow reaches 
mature size (typically at the 4th lactation), she is physically growing. Body condition flux is different in 
that it is all about maintaining energy and protein balance by the cow. An easy example is to look at 
fresh heifers and those heifers again at 90 days in milk. They are typically lower in BCS yet bigger! 
Let’s look at some example groups:

Mixed Group, 1st calving weight of 1300 lbs, Mature 1650 lbs

Mixed Group % in group DIM Calving Interval, days ADG lbs/d Average BW

1st lact 42 185 450 0.484 1390

2nd lact 28 140 425 0.155 1540

3rd lact 16 190 410 0.161 1615

>=4th lact 14 185 420 0 1650

Overall 173 432 0.27 1504
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Mixed Group, 1st calving weight of 1403 lbs, Mature 1650 lbs

Mixed Group % in group DIM Calving Interval, days ADG lbs/d Average BW

1st lact 42 185 450 0.256 1450

2nd lact 28 140 425 0.155 1540

3rd lact 16 190 410 0.161 1615

>=4th lact 14 185 420 0 1650

Overall 173 432 0.18 1530

2nd and greater lactation only

Mixed Group % in group DIM Calving Interval, days ADG lbs/d Average BW

1st lact 0 185 450 0 0

2nd lact 50 140 425 0.155 1540

3rd lact 40 190 410 0.161 1615

>=4th lact 10 185 420 0 1650

Overall 173 432 0.14 1581

1st light at 1000 lbs

Mixed Group % in group DIM Calving Interval, days ADG lbs/d Average BW

1st lact 100 185 450 1.151 1213

2nd lact 0 140 425 0 0

3rd lact 0 190 410 0 0

>=4th lact 0 185 420 0 0

Overall 173 432 1.151 1213
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As these examples show, the bodyweight and the ADG of a group can vary tremendously based upon 
group dynamics. And, from the sensitivity table, adding 1/4 lb ADG to the cattle description is equal to 
about 2 lbs of ME and MP allowable milk. However, it can be more then that when body weight and 
intakes are adjusted. Interestingly, if one goes through the Journal of Dairy Science looking for articles 
on grouping strategy, several exist and have similar conclusions. The least profitable grouping strategy 
is by production. Second least is based upon reproductive status. The most profitable is based upon 
the nutrient requirements of cattle (milk + growth + pregnancy + BCS flux). 


Mixed group, Calving interval of 390 days

Mixed Group % in group DIM Calving Interval, days ADG lbs/d Average BW

1st lact 0 185 390 0.295 1458

2nd lact 50 140 390 0.169 1542

3rd lact 40 190 390 0.169 1616

>=4th lact 10 185 390 0 1650

Overall 173 390 0.20 1533
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Dry Cows 
For the dry cow example, as changes are made to inputs, the inputted DMI has been set to the 
predicted DMI


Note: if Days to change BCS has a +, that means days to gain. If a -, then days to lose one BCS. 
Anything over 100 days is basically energy balance.


Discussion: 
Just as with lactating cows, body weight impacts ME, MP and dry matter intake. Over-estimating body 
weight by 100 lbs can greatly alter formulations. Environmental inputs show us that as long as dry 
cows are not over-crowded and feed is available, they can eat more during the cold. However, if this 
was a real diet, the extra 4 lbs of DMI could cause drastic changes to mineral status and thus, fresh 
cow health. Inputs such as distance walked and ADG shift requirements for ME similarly to lactating 
cows. The switch from 260 to 270 days pregnant does several things. First, the drop in predicted DMI 
is large as we would expect. However, the ME and MP shifts include two things. First, the conceptus is 
larger thus driving pregnancy requirements. At this time, the conceptus (total fetal plus membranes) is 
growing at 1.37 lbs/d. Second, there is a switch that is turned on at day 260. If you toggle days 
pregnant between 259 and 260, you will observe requirements for growth change. This is when the 
model begins accounting for mammogensis. It is equal to 2.6 Mcal ME and 226 g MP. 


Base Inputted 
body 

weight 
dropped 
100 lbs

Current 
and 

Previous 
Temperatu

re  
0 F

Current 
and 

Previous 
Temperatur

e 90 F

Flat 
distance 
walked 

increased 
to 3,000 

feet

ADG 
inputted 
to 0.25 
lbs/d

Days Preg 
from 260 
to 270

Days Preg 
to 259

ME %rqd 128.5 124.6 141.9 109.7 107.9 103.3 96.4 113.4

MP supply, g 978 912 1055 882 882 882 826 882

MP %rqd 88.3 86.8 94.5 85.0 85.0 81.4 76.7 103.0

Predicted 
DMI

30.1 28.1 32.4 27.2 27.2 27.2 25.5 27.2

Days to 
Change 1 
BCS

+82 +93 +54 +213 +259 +588 -441 +160
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Replacement Heifers 
For the replacement heifer example, as changes are made to inputs, the inputted DMI has been set to 
the predicted DMI


Discussion: 
Heifer inputs have a varied type of response. Temperature and activity are straight forward as they 
directly impact ME maintenance and thus ME allowable gain. But MP allowable gain also changes. 
This is because the protein content of gain varies dependent upon the retained energy. There is a 
relationship in growth between energy and protein! Changing bodyweight not only changes intake 
predictions, but shifts where the animal is on the growth curve. Thus, composition of gain changes 
and the entire relationship between protein in gain and retained energy changes. The same occurs 
when mature bodyweight is changed. The mature bodyweight input changes the shape of the growth 
curve, thus, the animal is moved up or down the curve in relation to its stage of maturity at any given 
weight. 


Base Inputted body 
weight 

dropped 100 
lbs

Current and 
Previous Temp  

0 F

Current and 
Previous Temp 

90 F

Flat distance 
walked 

increased to 
3,000 feet

Age 
dropped 30 

days

ME gain lbs 2.87 2.90 3.59 2.37 2.32 2.31

MP gain lbs 2.01 1.78 2.17 1.69 1.69 1.68

Predicted DMI 19.6 17.6 20.3 17.0 17.0 17.0

Target ADG 0.74 1.29 1.29 1.29 1.29 1.10

Base Mature Weight 
dropped 100 lbs

Mature weight 
original (1649 lbs),  

Days Preg from 0 to 
191

Days Preg to 260 
Age to 22 

BW to 1150

ME gain lbs 2.87 2.20 1.25 0.48

MP gain lbs 2.01 1.68 0.41 0

Predicted DMI 19.6 17.0 17.0 21.8

Target ADG 0.74 0.84 1.44 3.96
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Furthermore, we did not show this as an example, the predicted intake relies upon bodyweight AND 
the NEm content of the diet. Changing age does two things. First, it changes the target gains. Second, 
it is a switch: <12 months or >12 months, a constant in the intake prediction equation changes. Notice 
how the days pregnant changing from 0 to 191 greatly alters ME and MP gain. This is the point where 
pregnancy requirements become activated (only the last trimester). And again, at day 260 pregnant, 
mammogensis is activated. 


Three areas where users will see differences from CNCPS 6.5 exist. First, in determining the ME and 
MP allowable gain, there is a circular argument. The MP allowable gain in CNCPS 6.5 is related to the 
inputted ADG. Thus, the resulting MP allowable gain is not consistent with the ME allowable gain. 
While we were at Cornell, we set it up this way to be able to do simple optimization. However; to 
properly evaluate MP allowable gain in CNCPS, the user must go back to the cattle screen and 
change the inputted ADG to equal the ME allowable gain. We determined this to be clumsy and 
troublesome in AMTS thus we tied the MP allowable gain directly to the ME allowable gain. Second is 
related to predicted DMI. Evaluating the DMI predictions, there is a very significant bias that is non-
linear. The base equation slightly over-predicts DMI in light cattle (<250 lbs) and under predicts DMI in 
cattle starting at about 600 lbs. AMTS developed a bias adjustment (found in settings, Misc. Settings) 
based upon data in the Dairy NRC 2001. Cornell is aware of this bias correction and understands that 
this is AMTS IP. The final difference will be in cattle <300 lbs. In developing a calf model, AMTS 
smoothed the requirements for transition calves. Thus, the MP requirements for lighter calves will be 
slightly higher then in CNCPS 6.5. The reason for doing so was that the NRC 2001 calf model, and 
modifications by Van Amburgh and Drakley, introduced a large disconnect between milk fed and 
weaned calves. Suddenly the ME and MP requirements would drop greater then 50% when this 
transition occurred. This is biologically incorrect. Thus, the AMTS calf model smooths this transition. 
We are in the process of collaborating with a researcher evaluating the calf model.
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Feedlot Cattle 
For the feedlot example, as changes are made to inputs, the inputted DMI has been set to the 
predicted DMI. For all, the inputted ADG is 3 lbs per day.


Discussion: 
Growing animals are more complex in terms of input sensitivity. While environmental inputs 
(temperature, distance walked, and mud depth) are straight forward, other inputs are much more 
dynamic. Mud depth simply changes the predicted intake. As shown, going from 0 to 12 inches of 
mud decreased DMI 5.5 lbs! Other environmental inputs first alter energy requirements due to 
maintenance shifts. MP gains change along with ME due to the relationship between protein content 
of gain and retained energy.


The dynamic interactions involve body weight, final body weight, and final body fat. These three inputs 
determine where on the growth curve the animal is. For reference, 28% final body fat is USDA low 
choice (Canadian AAA), 25% is USDA select (Canadian AA), etc. In countries such as Brazil, data 
shows cattle are typically harvested at 20-22% final body fat. A difficult area to address with finishing 
cattle is a feeding period with a beta agonist. There is limited published data describing the nutrient 
requirements or shifts in body composition due to beta agonist. Most data purely evaluated safety and 
efficacy. Experience has shown us that to properly formulate for the beta agonist period, we need to 
REDUCE the FINAL BODY FAT 2-3 units for that period. For example, if we are feeding for 28% final 

Base Inputted body 
weight 

dropped 100 
lbs

Current and 
Previous Temp  

0 F

Current and 
Previous Temp 

90 F

Flat distance 
walked 

increased to 
3,000 feet

Mud depth 
increased to 
12 inches

ME gain lbs 2.69 2.68 3.24 2.17 2.11 0.61

MP gain lbs 1.98 1.76 2.14 1.66 1.66 0.88

Predicted DMI 19.6 17.6 20.3 17.0 17.0 11.5

Base Final Body Fat 
Changed to 25% 

from 28% 
68 F, 0 mud, 804 

lbs BW

Final Weight 
Changed 1350  

and final body fat 
at 28%

Final Weight at 
1350 and final 

body fat at 22%

Inputted body 
weight set to 4 

lbs per day

ME gain lbs 2.87 2.77 2.42 2.73 2.73

MP gain lbs 2.01 1.98 1.94 1.97 1.97

Predicted DMI 19.6 19.5 19.5 19.5 19.5
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body fat, we input 25% final body fat during the beta agonist period. This shifts the stage of maturity 
on the growth curve to increase the protein content of gain. It is further complicated by the cattle age 
as it appears younger cattle (<12 months) fed beta agonist respond with an even greater shift in 
protein accretion. 


An area not shown in the example, and a difficult one to model, relates to post-absorptive metabolism 
of end products. Historically, fattening cattle was related purely to total calories consumed. This 
assumed high corn diets and a desire for meeting USDA low choice grade. However; the addition of 
many by-products (such as DDG) has shifted the carcass characteristics. It is very important to 
consider the diet end products. Diets high in starch, either rumen available or intestinally digestible will 
result in lactic acid and glucose that will be used for adipose deposition. These end products tend to 
result in more adipose deposited as marbling. End products from more fibrous by-products (e.g. DDG) 
tend to increase yield grade and more subcutaneous, seam, and KPH adipose. And higher dietary 
fatty acids also tend to be deposited as more subcutaneous and seam fat. 
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Input Sensitivity One-Pager 

Level of importance key:

Critical inputs should be inputted carefully during group/location definition. Also should be re-evaluated at 
least seasonly.

Major inputs should be inputted correctly during group/location definition and updated as needed

Minor inputs should be inputted correctly during group/location definition. 


Input Class of Cattle Impacts Level of Importance

Body weight All Almost Everything Critical

Mature body weight Cows and Heifers Target gains for cows and heifers Minor

Final body weight Feedlot Cattle Entire growth model Critical

Final body fat Feedlot Cattle Entire growth model Critical

Age All Dry matter intake predictions for growing 
cattle, target gains for cows and heifers

Minor

ADG All Entire growth model in all cattle Critical

Days in Milk Lactating Cows Controls switch for mammogensis in early 
lactation and shape of predicted DMI 
equation for lactating cows

Minor post 21 days

Days Pregnant Cattle > 190 days 
Pregnant

Pregnancy model and mammogensis last 
21 days of pregnance

Major

Temperature All Maintenance energy and DMI predictions Critical

Relative Humidity All Maintenance energy and DMI predictions 
during heat stress

Critical when Temp > 68 F

Distance walked All Maintenance energy Major

Mud depth Feedlot Cattle Predicted DMI Major in appropriate 
situations
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