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ABSTRACT: Beef production benefits significantly from research aimed at enhancing 
profitability and productivity, with simulation providing a means to achieve faster results and 
reduced costs. This paper outlines the development and validation of simulation models 
for full-cycle production, specifically designed to assess production systems within the 
Cerrado biome of Brazil. Using published data, models were created for six production 
systems: one modal system (MS), characterized by less intensive practices – such as first 
calving at four years and slaughter at 48 months, accompanied by higher mortality – and 
five improved breeding systems (IBSs) that implement progressively intensive practices. 
Enhancements included various feed strategies, culminating in a system that enables 
slaughter at 19 months of age. The models were constructed utilizing the R software scripts 
that incorporated a Leslie matrix to represent an age-structured model with probabilities of 
producing female calves and survival rates, facilitating stochastic simulation predictions. 
The results were evaluated through correlation and regression analyses. Key simulated 
variables in these models included counting variables, such as the total number of herd 
animals, harvest steers, and cull cows, as well as weight variables for harvest heifers, 
harvest steers, and mature cows. The analysis revealed a robust and positive correlation 
(ranging from 0.93 to 0.99) (p < 0.01), providing evidence that our results accurately 
replicate all evaluated systems. We employed regression analyses to compare the 
observed data with the simulations. The significant linear regression for all the evaluated 
variables (p < 0.01) and the high determination coefficients suggest that the variables can 
indeed be predicted through simulation. This study illustrates that simulation models may 
serve to forecast cattle production across diverse systems, holding promise for application 
in the Brazilian Cerrado and beyond. 
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Introduction

Evaluations of beef cattle production systems 
in Brazil seek to enhance productivity, optimize 
resource utilization, and safeguard the environment 
(Pang et al., 1999; Cardoso et al., 2020; Stabile et al., 
2020). Improving production in developing countries 
is crucial, especially considering the forecasted 17 % 
increase in beef demand globally by 2027 (OECD, 
2018). In the Cerrado biome in Brazil, most beef cattle 
are raised and managed within extensive systems 
(Corrêa et al., 2006). To increase production levels, 
it is crucial to comprehensively address aspects of 
health, nutrition, management, and genetics (Mwangi 
et al., 2019; Souza et al., 2022; Yokoo et al., 2019). 
Mathematical models serve as practical tools for 
analyzing production systems, providing cost savings 
compared to traditional biological systems (Tedeschi 
and Menendez, 2020).

Creating a model that accurately represents 
complex production systems, encompassing both 
extensive and intensive systems with minimal inputs 
or modifications, poses significant challenges. A 
beef production model aimed at stimulating growth 

and reproduction traits, as well as cow retention 
and culling, must consider factors such as genetics, 
environment, and feed resources (Denham and 
Spreen, 2019). Consequently, it has been proposed 
that incorporating more effects into a model will 
bring it closer to the real system (Pang et al., 1999). 
However, while it is often assumed that the most 
comprehensive representation of the system yields 
the highest accuracy (MacNeil and Harris, 1988), this 
assumption is not universally accepted (Forrester, 
1961).

The mathematical models utilized to simulate 
livestock-related data can be classified as deterministic 
or stochastic, and they address both continuous 
and discrete phenomena. By employing fixed or 
random variables, it is possible to evaluate the extent 
of missing data and compare the development of 
deterministic and stochastic models (Pouillot et al., 
2004). The stochastic model provides a more detailed 
representation of the studied process by incorporating 
elements of randomness (Leslie, 1945; Leslie, 1948). 

The objective of this study was to simulate beef 
production systems using a dynamic and stochastic 
approach to better understand their performance 
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under various management scenarios. We compared 
the simulation results with observations from actual 
beef cattle farms (Corrêa et al., 2006) to assess 
the model's accuracy. Subsequently, we analyzed 
management systems at varying intensity levels for 
beef production in the Cerrado biome of Mato Grosso 
do Sul, Brazil.

Material and methods

Study site

The study focused on the beef cattle production 
systems of Mato Grosso do Sul State (20°45’00” S, 
54°30’00” W, altitude 349 m), located in the Midwest 
region of Brazil, which covers an area of 358,147,995 
km2. The majority of the state is classified as having 
a tropical climate, featuring a wet and warm season 
from October to March, followed by a dry and cooler 
season from April to September. The predominant 
biome is the Cerrado, characterized by an average 
annual rainfall of 1250-1500 mm, alongside a spring 
rainy season, a dry winter, and an average annual 
temperature of 22 °C.

Reference data (base populations and assumptions)

 The input parameters of this study were derived 
from typical beef cattle production conditions in Mato 
Grosso do Sul, as outlined by Corrêa et al. (2006). The 
systems and parameters utilized in this simulation 
are detailed in Tables 1 and 2. This study modeled 
six distinct scenarios, based on the work of Corrêa 
et al. (2006), which encompassed both extensive and 
intensive systems over a complete production cycle. 
This process confirmed that the model generated 
results consistent with the underlying data.

The first system designed was a modal system 
(MS), which wasthe most extensive. In this system, 
cows began calving at four years of age, with a 
yearling mortality rate of 6 %, a mortality rate of 
2 % in other categories, and slaughter at 48 months 
of age. The second system introduced was the first 
improved breeding system (IBS1), characterized by 
a reduced first-calving age of three years, a yearling 
mortality rate of 3 %, a mortality rate of 1 % in other 
categories, and an age at slaughter of 39 months, in 
contrast to MS. The third system (IBS2) was similar 
to IBS1 but featured an even lower age at slaughter 
of 35 months, as these animals benefited from 
pasture alongside feed supplementation during the 
third dry season. The fourth system (IBS3) showed 
similarities with IBS1 and IBS2; however, the animals 
in IBS3 were slaughtered at 31 months because 
they received protein supplementation during the 
first and second dry seasons, in addition to feed 
supplementation throughout the rainy season. The 
fifth system (IBS4) also shared characteristics with 
IBS1, IBS2, and IBS3, yet allowed for slaughter at just 
23 months of age by providing feed supplementation 
during the first dry season and utilizing a feedlot 
in the second dry season. Finally, the sixth system 
(IBS5) represented the most intensive approach, with 
animals being slaughtered at 19 months of age. This 
was made possible through a specialized nutrition 
plan that included creep-feeding prior to weaning 
and continued feedlotting during both dry and rainy 
seasons until termination. The rates of natality 
(80 %), mortality at yearling (3 %), and mortality 
in other categories (1 %), as well as the age at first 
calving (3 years), were consistent across IBS1, 
IBS2, IBS3, and IBS4, demonstrating improvement 
compared to the MS system, as summarized in 
Table 1.

Table 1 – Input parameters used in the simulation models, modified from Corrêa et al. (2006).

Parameters Units
Systems

MS IBS1 IBS2 IBS3 IBS4 IBS5
Natality % 60 80 80 80 80 80
Mortality at yearling % 6 3 3 3 3 3
Mortality other categories % 2 1 1 1 1 1
Age at first calving year 4 3 3 3 3 3
Total animals number 1269 2508 2490 2561 2917 3208
Total cows number 402 694 689 792 902 992
Male weaning weight kg 150 180 180 180 180 230
Age at slaughter month 48 39 35 31 23 13
Weight at slaughter kg 490 480 480 480 480 464
Steer carcass yield % 53 53 53 53 53 55
Steer carcass weight kg 260 254 254 254 254 255
Heifer carcass weight kg 195 195 195 195 195 195
Animal trade number 211 520 516 597 681 752
Grazing area ha 1200 1200 1200 1200 1200 1200
Pasture carrying capacity AU ha–1 0.60 1.15 1.15 1.10 1.05 1.00
MS = modal system; IBS = improved breeding system; AU = animal unit.
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Simulation

In this simulation study, a mathematical model was 
developed to simulate a range of beef cattle production 
scenarios through dynamic and stochastic simulation, 
implemented in the R software environment version 
4.1.2. For this purpose, a script was created to gather 
and organize comprehensive information regarding the 
composition of a cattle herd. This tool allows users to 
update input values as new data emerges, enabling the 
generation of updated scenarios in real time.

The first parameter considered when 
developing the script is the relative carrying capacity 
of the cattle herd. This parameter is crucial because it 
determines the sustainable size of the herd relative to 
the available resources. The relative carrying capacity 
was estimated using Eq. (1) as proposed by Anderson 
et al. (1983): 

TDN/day = 4.6631 + 0.0030 CW + 0.0127 (0.022 MP) 
	  (1)

where TDN is the total digestible nutrients, CW is the 
cow weight, and MP is the milk production.

The subsequent step entailed integrating the 
nutritional information for each system. The feed-
related parameters were estimated based on natural 
pastures of Mato Grosso do Sul across all six systems. 
Additionally, the integrated beef systems (IBSs) 
received feed and protein supplementation to meet 
the animals' nutritional requirements (Table 2). 

Leslie matrix models were employed to project a 
population and provide a more realistic representation 
of the herd, incorporating survival rates for different 
age classes, population growth predictions, and 
parameter estimates across various scenarios. The 
matrix elements included age-specific survival rates 
on the diagonal and age-specific probabilities of 
producing female calves in the top row. We utilized 
a 14 × 14 Leslie matrix to simulate data for MS and 
10 × 10 Leslie matrixes for the IBSs. 

A total of 500 reproductive cycles was conducted 
as a burn-in period, using values representative of 
beef cattle herds. The cycles were executed to achieve 
equilibrium in the herd’s age distribution, which 
provided data on the numbers of cows, cull-for-age 
cows, and calves stratified by the age of their dams, 
as well as replacement heifers. The calculations for 
harvest cull cows, heifers, and steers were performed 
using Choleski decomposition, which factorizes a 
real symmetric positive-definite square matrix, along 
with a fundamental control flow construct to manage 
iteration conditions.

The total number of calves produced by each 
dam’s age was calculated by multiplying the calf 
survival rate by the total reproduction rate. The 
number of harvest heifers was determined by the 
difference between the total heifers produced in their 

final year within the system and the replacement 
heifers. The figures for yearling steers and steers of 
other ages were obtained by applying the survival 
from calf to yearling rate to half of the calves produced. 
The count of replacement heifers was based on the 
reproduction rate corresponding to the animal’s age 
at the time of production. Additionally, the number 
of harvest heifers was derived from the discrepancy 
between steers and replacement heifers.

The mature weight was estimated using the 
Brody model (Brody, 1945), which is designed to 
assess growth curves for cows over annual periods. 
In this model, the asymptotic (mature) value is 
determined by age and a growth curve parameter, 
calculated using Eq. (2):

Wt = A – be–kt 	  (2)

where Wt is the animal weight at a given age (t), A is 
the asymptotic weight, b is a time scale parameter, e 
is the natural base logarithm, and k is the maturity 
index.

 The weights of heifers and steers were estimated 
from weaning to slaughter. A standard multiplicative 
adjustment of 0.97 for heifers and 1.04 for steers was 
used to model their growth (Table 2). 

Table 2 – Weight performance of calves per system, modified from 
Corrêa et al. (2006).

Performance 
stages Unit

Systems
MS IBS1 IBS2 IBS3 IBS4 IBS5

Weaning weight kg 150 180 180 180 180 230
1st DS (feed) P P P P + PS P + feed feedlot
1st DS (daily gain) kg 0.000 0.100 0.100 0.250 0.500 1.300
Weight at yearling kg 150 195 195 218 255 425
1st RS (feed) P P P P P feedlot
1st RS (daily gain) kg 0.430 0.500 0.500 0.500 0.500 1.300
Weight (19 months) kg 240 300 300 323 360 464
2nd DS (feed) P P P P + PS feedlot  -
2nd DS (daily gain) kg 0.000 0.100 0.100 0.250 1.100
Weight (24 months) kg 240 315 315 361 480
2nd RS (feed) P P P P + feed
2nd RS (daily gain) kg 0.430 0.500 0.500 0.600
Weight (31 months) kg 331 420 420 480
3rd DS (feed) P P P + feed
3rd DS (daily gain) kg 0.000 0.100 0.600
Weight (36 months) kg 331 435 480
3rd RS (feed) P P
3rd RS (daily gain) kg 0.430 0.500
Weight (43 months) kg 421 480
4th DS (feed) P
4th DS (daily gain) kg 0.000
Weight (48 months) kg 421
4th RS (feed) P
4th RS (daily gain) kg 0.430
Weight (52 months) kg 480
MS = modal system; IBS = improved breeding system; DS = dry season; 
RS = rainy season; P = pasture; PS = protein supplementation.
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Goodness of fit of the simulated model

The assessment of the goodness of fit of the simulated 
model was based on the degree of correlation 
between the simulation results and the observed 
data from Corrêa et al. (2006), which included 
growth rates and weight measurements. A Pearson’s 
correlation test was employed to quantify the 
strength of relationships among variables, including 
total herd animals, harvest steers, cull cows, harvest 
heifer weights, harvest steer weights, and mature 
cow weights. Pearson’s correlation coefficients (r) 
were calculated using the cor.test function within the 
R software environment, version 4.1.2. Graphical 
representations of the correlations were created using 
the ggplot function from the ggplot2 package in the 
same R software version. In all analyses, significance 
was determined at p ≤ 0.05.

A linear regression analysis was conducted 
to determine the slope for the observed versus 
simulated data, assessing the impact of variations 
in the independent variable (observed data) on the 
dependent variable (simulation data). The R software 
environment, version 4.1.2, was utilized to employ 
the lm and plot functions for identifying the linear 
regression models and generating graphs. Significance 
levels were set at p ≤ 0.05 for all analyses. The linear 
regression analysis was based on the following linear 
model, as presented in Eq. (3):

y = β0 + β1x + e	  (3)

where y is the dependent variable, x is the independent 
variable, β0 is the intercept, β1 is the regression 
coefficient, and e is the random error component.

Results

Simulation

The model can be found on GitHub at the following 
link: https://github.com/Renatafh/herd-simulator.git. 

The Leslie matrix was constructed using age-
specific survival rates placed on the diagonal and age-
specific probabilities of producing female calves in 
the top row. The survival rates were derived from calf 
survival data, with the first rate adjusted according to 
the initial number of cows in the production system. 
The probability of producing female calves was 
determined based on fertility rates and the likelihood 
of producing heifers, calculated as 50 % of the total 
offspring, representing the female calves born to the 
cows. This Leslie matrix resulted in a stable population 
structure, with the reproductive values of each age 
class of females predicted from the cumulative effects 
of stochastic fluctuations over 500 breeding years 
in each simulation system. The number of animals 
generated within each category and by age is detailed 

in Table 3. The study revealed that the more intensive 
the production systems, the greater the number of 
animals per hectare. Specifically, IBS5 had the largest 
herd with 3,270 animals, while the modal system (MS) 
had 54 % fewer animals on the same land resource of 
1,200 ha (Table 3). The populations observed in IBS1, 
IBS2, IB3, and IBS4 were 2,804, 2,784, 2,610, and 
2,973 animals, respectively (Table 3). 

Data on the number of cows and traded animals 
were used as inputs, reflecting the values reported 
by Corrêa et al. (2006). The lowest count of surplus 
heifers was noted in MS (44 heifers), followed by IBS2 
(155), IBS1 (162), IBS3 (182), IBS4 (209), and IBS5 (233) 
(Table 3). Similarly, the fewest harvest steers were 
observed in MS (114), followed by IBS2 (260), IBS1 
(261), IBS3 (301), IBS4 (343), and IBS5 (377) (Table 3). 
In terms of replacement heifers, MS again exhibited 
the least number (68), followed by IBS1 (94), IBS2 
(98), IBS3 (112), IBS4 (127), and IBS5 (135) (Table 3). 
For the cull cows category, MS also had the lowest 
number of animals (53), followed by IBS1 (97), IBS2 
(99), IBS3 (114), IBS4 (129), and IBS5 (142) (Table 3).

The simulated weights across different stages 
of beef cattle production development are detailed in 
Table 4. The slaughter and steers at weaning weights 
served as inputs for the simulated models, as reported 
by Corrêa et al. (2006). Among the simulated mature 
weights, IBS5 exhibited the lowest growth, reaching 
445 kg, while IBS1, IBS2, IBS3, and IBS4 all recorded 
460 kg. MS had the highest mature weight at 
469 kg (Table 4). For the surplus heifer category, the 
simulated weights were 448 kg for IBS5, followed by 
470 kg for IBS3, 471 kg for IBS4, and 473 kg for both 

Table 3 – Results of animal numbers for all six simulated herds 
based on data from Corrêa et al. (2006).

Categories MS IBS1 IBS2 IBS3 IBS4 IBS5
Cows stay (years) 14 10 10 10 10 10
Grazing area (ha) 1200 1200 1200 1200 1200 1200

Number of animals in herd
Total animals 1577 2804 2784 2610 2973 3270
Cows 402 694 689 792 902 992
Calves 247 538 535 615 700 770
Heifers-yearling 120 266 265 304 347 381
Heifers-2 years 115 258 257 294 336 368
Heifers-3 years 113 256  253  -  -  -
Heifers-4 years 112  -  -  -  -  -
Harvest surplus heifers 44 162 155 182 209 233
Replacement heifers 68 94 98 112 127 135
Steers-yearling 121 267 265 304 346 381
Steers-2 years 118 264 262 301 343 377
Steers-3 years 116 261  260  -  -  -
Steers-4 years 114  -  -  -  -  -
Harvest steers 114 261 260 301 343 377
Cull cows 53 97 99 114 129 142
Total animal trade 211 520 516 597 681 752
MS = modal system; IBS = improved breeding system.
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IBS1 and IBS2, culminating in a maximum of 477 kg 
for MS (Table 4). Similarly, for harvest steers, IBS5 
also recorded the lowest weight at 464 kg, whileIBS3, 
IBS4, IBS1, IBS2, and MS recorded weights of 482 kg, 
483 kg, 485 kg, 485 kg, and 487 kg, respectively 
(Table 4).

Goodness of fit of the simulated model

The correlation (r) between the predicted and observed 
values was consistently high and positive across all 
variables examined in this study. For the total number 
of animals in herd, the r-value was 0.98 (p < 0.01, 
Figure 1). Similarly, the r-value for the number of 
steers and cull cows reached 0.99 (p < 0.01, Figures 
2 and 3). The r-values for heifer and steer weights 
were 0.95 (p < 0.01, Figure 4) and 0.93 (p < 0.01, 

Table 4 – Weight of animals per category (in kilogram), for all six 
simulated herds using data from Corrêa et al. (2006).

Categories MS IBS1 IBS2 IBS3 IBS4 IBS5
Weight at slaughter 490 480 480 480 480 464
Mature weight 469 460 460 460 460 445
Heifers at weaning 139 168 168 168 168 214
Heifers-yearling 232 290 290 313 350 409
Heifers-2 years 324 413 413 470 471 448
Heifers-3 years 417 473  473  -  -  -
Heifers-4 years 477  -  -  -  -  -
Harvest surplus heifers 477 473 473 470 471 448
Steers at weaning 150 180 180 180 180 230
Steers-yearling 242 302 302 325 362 425
Steers-2 years 334 425 425 470 483 464
Steers-3 years 427 485  485  -  -  -
Steers-4 years 487  -  -  -  -  -
Harvest steers 487 485 485 482 483 464
MS = modal system; IBS = improved breeding system.

Figure 1 – Number of total herd animals per system, considering 
the observed data from Corrêa et al. (2006) and the simulation 
data, for all six systems. IBS = improved breeding system; 
MS = modal system.

Figure 2 – Number of harvest steers per system, considering the 
observed data from Corrêa et al. (2006) and the simulation 
data, for all six systems. IBS = improved breeding system; 
MS = modal system.

Figure 3 – Number of cull cows per system, considering the 
observed data from Corrêa et al. (2006) and the simulation 
data, for all six systems. IBS = improved breeding system; 
MS = modal system.

Figure 5), respectively. Since the weights of mature 
cows remained identical across all six simulated 
systems (Figure 6), the standard deviation was zero, 
preventing the calculation of r. 

A significant linear relationship between 
observed and simulation data was identified for all 
variables, except for mature cow weights (Table 5). 
The linear regression model for the total number of 
herd animals demonstrated a significant relationship 
between the observed and simulation data (p < 0.01) 
and exhibited a high determination coefficient (R2) 
of 0.96. Additionally, the results for the number of 
harvest steers and cull cows showed an even higher 
R2 of 0.99, along with a significant relationship 
between the observed and simulated data (p < 0.01). 
The weights for harvest heifer and harvest steer 
reported R2 values of 0.88 and 0.84, respectively, both 
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indicating relevant relationships (p < 0.01 for each). 
The regression analyses produced slopes close to 1 for 
all variables (Table 5). Specifically, the total number 
of animals, the number of harvest steers, the number 
of cull cows, harvest heifer weights, and harvest steer 
weights had slope coefficients of 0.8, 0.9, 0.65, 1.2, 
and 0.9, respectively.

Figure 6 – The mature weights per system, considering the 
observed data from Corrêa et al. (2006) and the simulation 
data, for all six systems. IBS = improved breeding system; 
MS = modal system.

Table 5 – Regression analyses for simulated data verification.
Parameters Slope Intercept p-value R2

Total number of animals 0.8 519.6 0.0003 0.96
Number of harvest steers 0.9 8.2 0.0001 0.99
Number of cull cows 0.65 12.4 0.0001 0.99
Harvest heifer weights 1.2 –96.7 0.0033 0.88
Harvest steer weights 0.9 27.4 0.0062 0.84

Figure 4 – The harvest heifer weights per system, considering 
the observed data from Corrêa et al. (2006) and the simulation 
data, for all six systems. IBS = improved breeding system; 
MS = modal system.

Figure 5 – The harvest steer weights per system, considering 
the observed data from Corrêa et al. (2006) and the simulation 
data, for all six systems. IBS = improved breeding system; 
MS = modal system.

Discussion

Numerous processes in beef cattle production 
can be simulated, and these models can provide 
valuable support across various areas of livestock 
management, including nutrition, breeding, 
reproduction, and health (Vale et al., 2019; Molossi 
et al., 2020; Wetlesen et al., 2020). During the 
simulation, specific input values were utilized to feed 
the herd simulator, which then aimed to replicate 
the remaining data as closely as possible to what is 
observed in real-world systems. In this context, the 
number of cows and traded animals, as derived from 
the actual representations provided by Corrêa et al. 
(2006), allows the system to be initially populated 
and to reproduce functional livestock systems at a 
reduced cost for future studies. Leveraging these 
inputs and aided by the Leslie matrix, it became 
possible to generate various other animal categories. 

The Leslie matrix effectively accounts for 
the randomness associated with population growth 
events by integrating stochasticity into biological 
models (Leslie, 1945; Leslie, 1948). This feature 
is particularly crucial for events involving the 
expression of reproductive traits. Consequently, 
this matrix enabled us to illustrate the growth 
of beef cattle populations within the Brazilian 
Cerrado biome. The Leslie matrix had previously 
been employed in studies aimed at understanding 
population dynamics and assessing potential 
population growth (Bradshaw et al., 2007; Mollet 
and Cailliet, 2002; Slade and Levenson, 1982). In 
their research on population size, Bradshaw et al. 
(2007) identified the cumulative effects of stochastic 
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fluctuations over 22 generations (roughly seven 
years per generation), by simulating the non-native 
banteng species in northern Australia. Furthermore, 
exponential growth models utilizing Leslie matrices 
can be instrumental in predicting and managing the 
risk of extinction in populations (Slade and Levenson, 
1982). In a comparative analysis of models for four 
elasmobranch species, Mollet and Cailliet (2002) 
observed similarities between stage-based models 
and Leslie’s matrix models in assessing potential 
population growth and reproductive output.

In the present study, the simulated improved 
systems yielded a higher number of animals in herds 
that utilized more intensive production systems. 
Notably, the IBS5 system accounted for the largest 
herd in the same area (1200 ha). Animals raised in 
feedlots or receiving supplemental feed in addition 
to forage have the potential to achieve desired 
production rates more quickly than those that 
relying solely on forage, thereby allowing for greater 
allocation of animals per area (Molossi et al., 2020). 
Typically, systems with higher nutritional inputs 
support the highest density of animals per hectare 
(Vale et al., 2019; Molossi et al., 2020; Wetlesen et 
al., 2020; Greenwood, 2021). It should be noted that 
adopting feedlot systems, can increase production 
levels without necessitating expansion of pastureland 
(Vale et al., 2019). Additionally, it appears that an 
extensive cattle-rearing system could result in lower 
feed costs than intensive systems (Molossi et al., 
2020; Wetlesen et al., 2020), even though retained 
earnings tend to be highest in the more intensive 
systems (Greenwood, 2021).

The extensive cattle system is most prevalent 
in beef cattle production within the Brazilian 
Cerrado biome. However, the MS system produces 
the fewest animals across all categories included in 
the simulation, whereas improved systems show 
higher animal counts. While the extensive system 
results in lower productivity than other systems, it 
can still be profitable due to the number of animals 
slaughtered and the available pasture areas in Mato 
Grosso do Sul (Portes et al., 2020). Furthermore, 
the MS has the longest breeding period, which also 
contributes to income in this livestock business, 
despite the fact that an extended calving season may 
reduce production efficiency (Boyer et al., 2020).

Regarding the number of animals in 
each category, improved systems consistently 
outperformed the most extensive system. More 
intensive rearing systems, such as feedlots, can 
increase productivity, reduce deforestation and 
carbon emissions, and enhance meat quality (Vale 
et al., 2019). Increased grain and protein intake 
can elevate cattle stocking rates, resulting in higher 
annual production and economic returns (Molossi et 
al., 2020). However, it is important to acknowledge 
the potential drawbacks associated with intensive 

production. These include heightened water and air 
pollution, soil contamination, diminished animal 
welfare, the selection of more virulent parasites 
and pathogens, and the spread of zoonotic diseases 
(Vale et al., 2019). Conversely, semi-intensive 
systems may mitigate some of these drawbacks. 
While they may not achieve the same productivity, 
they can still enhance production metrics compared 
to extensive production systems (Costantini et al., 
2021). Nevertheless, a significant challenge across 
all production systems, whether intensive or 
extensive, is the suboptimal utilization and improper 
implementation of available technical information 
(Turner et al., 2023).

Body weight serves as a key indicator of growth 
performance in cattle. To support this, age-specific 
weights were simulated for all beef cattle scenarios 
in this study. Notably, the mature weights of cows 
at five years of age were 445 kg and 469 kg in the 
IBS5 and MS groups, respectively. These figures 
are comparable to those reported in other studies 
involving mature Nellore cows (Boligon et al., 2008; 
Koetz Junior et al., 2019).

In the MS system, the animals weighed showed 
an average of 477 kg for heifers and 487 kg for 
steers. Notably, these animals did not receive feed 
supplementation, mainly because their slaughter 
was delayed by 52 months. Among the improved 
systems, the IBS5 had the lightest slaughter weight 
(448 kg for heifers and 464 kg for steers), and the 
earliest production (19 months). No significant 
difference has been reported in slaughter weights 
for Nellore heifers finished in a feedlot (366 kg) 
compared to those on pasture (365 kg) during the 
dry period, despite varying growth durations of 
86-102 days for feedlot cattle versus 225-271 days 
for those on pastures (Casagrande et al., 2013). In 
feedlot conditions, Nellore cattle reached an average 
weight of 449.5 kg at 25 months by the end of the 
feedlot period (Cominotte et al., 2020). Additionally, 
in central performance tests on pasture, the weights 
of Nellore bulls at 550 days ranged between 269 
and 450 kg when analyzed by cluster groups (Lima 
et al., 2013). Therefore, the differences in slaughter 
weight identified in our simulation study can be 
attributed to the finishing phase occurring during 
the rainy season, characterized by a prolonged 
stay of the animals until slaughter, particularly for 
those finished on pasture or receiving high-quality 
supplementation in improved systems. However, it is 
crucial to note that, from a profitability standpoint, 
extended stays are often economically impractical.

A well-constructed simulation model is 
achieved when there is alignment between the 
prediction model and the behaviors of the real 
system (Sørensen, 1990). Thus, a verification 
process is essential, which can be performed using 
correlation and regression analyses. Notably, the 
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simulation employed in this study forecasts average 
performance outcomes, which are compared with 
the average performance levels reported by Corrêa 
et al. (2006).

 A strong positive relationship was observed 
between the observed and simulated variables, as 
evidenced by the correlation between simulated 
weights and the number of animals, in accordance 
with the reports by Corrêa et al. (2006) (Figures 
1-6). The correlations between the simulated 
outcomes, except for mature weight, and those 
reported by Corrêa et al. (2006) ranged from 0.92 
to 0.99. These high correlations indicate that the 
responses generated by the simulation models 
accurately reflect those of real systems (Kleijnen, 
1995; Plaizier et al., 1997; Vetter and Schober, 2018). 
The correlation for mature weight was notably lower 
due to the limited variation among the production 
systems (Figure 6). Therefore, the algorithms used to 
simulate herds successfully generated diverse beef 
cattle production scenarios that align with livestock 
systems in the Brazilian Cerrado biome. Simulation 
is frequently utilized as a preliminary or comparative 
tool in pharmaceutical evaluations to understand the 
biological function of the drugs under assessment. 
This approach helps mitigate high costs and simplify 
the complexities of molecular behavior (Wang et al., 
2015).

Regression analysis was used to compare 
observed and simulated data, with an independent 
variable used to predict a dependent variable (Vetter 
and Schober, 2018). A slope close to 1 indicates a 
proportional relationship between the variables, 
suggesting that a unit change in the independent 
variable results in an approximately equal unit 
change in the dependent variable. These findings 
imply that, despite variations in individual parameter 
values, the simulation model consistently maintains 
proportionality with the observed data across 
different livestock categories. Notably, the high R2 
value highlights the model’s effectiveness in capturing 
the overall dynamics of the herd.

Ultimately, the choice of production system 
will hinge on various factors that can be assessed 
inexpensively, rapidly, and reliably through simulation 
models. Key considerations include animal density 
per unit area, production probability, and distinctions 
between traditional and improved systems, which 
were effectively simulated in the present study. 
Furthermore, these simulated systems can be utilized 
in further analyses to evaluate the economic costs and 
profitability of beef cattle production (Calvano et al., 
2021; Lopes et al., 2018; Wetlesen et al., 2020). They 
can also aid in generating economic values (Souza et 
al., 2022) and selection indices (Portes et al., 2020).

The model introduced in this study has been 
specifically developed and parameterized for the 
Cerrado region; however, its foundational structure is 

adaptable for application in other regions. The model's 
core framework, which simulates herd dynamics and 
beef cattle production, is not inherently tied to the 
unique conditions of the Cerrado. Instead, it relies on 
key variables such as climate, nutritional plans, cattle 
breed, and management practices. Consequently, 
producers and researchers can utilize this simulator 
across various scenarios, customizing it to suit their 
specific needs and objectives. This versatility makes 
it an invaluable tool for decision-making in beef cattle 
production systems.

The simulation model developed in this study 
has significant practical applications that are both 
economically and environmentally relevant. By 
replicating herd dynamics using real data from 
beef cattle systems in the Brazilian Cerrado, the 
model serves as a valuable decision-support tool 
for producers, technical advisors, and researchers 
alike. It allows users to assess the impacts of various 
management strategies on herd productivity, 
such as changes in feeding regimes, reproductive 
parameters, and slaughter age, without the financial 
costs or logistical challenges associated with live 
experimentation. Furthermore, the model can be 
modified to estimate animal output per hectare 
and to simulate the environmental consequences 
of transitioning from extensive to semi-intensive 
or intensive systems. This predictive capability is 
instrumental in promoting more sustainable land use, 
enhancing resource efficiency, and informing public 
policies aimed at boosting beef cattle productivity 
while minimizing environmental impacts. To facilitate 
simulator's application  in other evaluations, minor 
structural adjustments may be needed to ensure the 
model accurately reflects the specific characteristics, 
management practices, and environmental conditions 
of the target production systems.

In conclusion, the simulated systems developed 
in our study serve as a valuable resource for assessing 
beef cattle production within the Brazilian Cerrado 
biome. Our findings indicate that these simulation 
models can effectively predict herd performance 
and facilitate the transition from extensive to more 
intensive beef cattle production in full-cycle systems. 
This tool not only enhances predictions of animal 
performance but also supports the production of 
Nellore cattle in the Cerrado biome, as well as other 
biomes and breeds. Additionally, it enables producers 
to tailor their production strategies according to their 
specific needs and economic resources. 
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