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Abstract 

This simulation study compares the technical-economic efficiency and cash flow of pasture 

recovery and maintenance activities, as well as improvements in mortality rate and birth rate, 

in different beef production systems. Three production systems were elaborated for the 

Cerrado biome, characterized as extensive, semi-intensive 1, and semi-intensive 2, with 

respective annual pasture recovery and maintenance rates of 0% and 25% for the extensive 

system, 5% and 25% for semi-intensive system 1, and 7% and 33% for semi-intensive system 

2. Mortality rates at weaning are 6% for the extensive system and 3% for semi-intensive 

systems 1 and 2. The extensive system's gross profit was lower at US$ 40471.00, followed by 

US$ 41830.00 and US$ 148669.00 for semi-intensive systems 1 and 2, respectively. Cash 

flow differences point to increases in the cost of forage and other nutritional inputs in 

semi-intensive systems 1 and 2. Economic efficiency was observed with intensification, 

showing that the production costs of intensive systems increased, but that these were more 

profitable than the extensive system with cash balance values of: extensive system 

US$ 323.149; semi-intensive system 1 US$ 405.740, semi-intensive system 2 US$ 1213.224. 

Expenditure on pasture recovery and maintenance was high, but led to an increase in 

profitability; similarly, the improvement of mortality rates in semi-intensive systems 1 and 2 

facilitated the economic viability of these systems. 

Keywords: economic analysis, production system, profitability 

1. Introduction 

Beef cattle farming is a sector that contributes strongly to the national economy. Brazil 

produced 10.2 million tons of beef (i.e., 16% of the global production), is the largest exporter 

of beef (20.8% of world exports), and owns an effective herd of around 232 million heads of 

cattle (USDA, 2018). 

According to Deblitz (2005), beef cattle are mainly produced on pasture in Brazil, which has one 

of the lowest production costs compared to other countries. Further, it has requires a low capital 

outlay and has low operating costs. Pasture-based cattle production—unlike feedlot production 

systems, which are more widely used in European countries, the USA and Australia is not as 

dependent on grain prices, which are unstable and elastic (Torres Júnior and Aguiar, 2013). 
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Extensive beef production is the predominant pasture-based beef production system in the 

country. When there is a need for maintenance or increased production, the most commonly 

used resource is often the opening of new areas, instead of directing resources to existing 

areas that have been degraded (Dias Filho, 2011). 

Because of the pressure to reduce deforestation, the increasing awareness of environmental 

officials, technicians, producers, and society in general, and the emergence of new technologies, 

producers are forced to increase pasture productivity and efficiency (Dias Filho, 2011). 

Dias Filho (2014) cited that the 2006 IBGE census reported an increase in productivity, 

indicating that the intensification of pasture production was already taking place. The latter is 

evidenced by the average Brazilian stocking rate, which increased by 92% between 1975 and 

2006 from 0.64 to 1.19 head per hectare. This reflects a trend towards more fertilizer and 

corrective pasture use on farms, coupled with more modern and efficient animal management 

practices (Lobato et al., 2014). 

Improvements in zootechnical indices related to birth and mortality rates have a significant 

impact on herd growth. A reduction in calf mortality rates contributes to increased 

productivity, and can in most cases be achieved when simple management practices are 

adopted (Costa and Pacheco, 1987). 

In view of this, the use of new technologies in the field is essential to escalate production. 

However, it is coupled with a demand for increased levels of management by technicians and 

producers; here, the use of simulators can guide more profitable responses to changes in 

herd-related practices and resource management (Ash et al., 2015). To this end, a rural 

property must be considered as a company, in order to reduce production costs and increase 

revenues by correctly defining the production process (Nantes, 2001). 

A cost analysis for rural properties aims to verify their economic profitability. The correct 

measurement of production costs allows a clearer interpretation of the reality of the 

productive activity, and allows a more accurate diagnosis of the real situation of the property 

(Arbage, 2000). The use of cash flow in cost analysis enables the control of inputs and 

outputs, and demonstrates the assessment of the company's potential to generate cash; its use 

is essential (Marion, 2010). 

This simulation study compares the technical-economic efficiency and cash flow of pasture 

recovery and maintenance activities, and improvements in the mortality and birth rates of 

different beef production systems. 

2. Material and Methods 

To structure the system, part of the bioeconomic model was used according to Brumatti et al. 

(2011), thus enabling the interpretation and interaction of and herd structure with cost and 

revenue centers. The simulator makes it possible to describe comprehensive rearing, breeding, 

termination, and production cycle systems for beef cattle. A fixed number of matrices enable 

the deterministic model to simulate the evolution of the herd on a property, with integration 

of its annual costs and revenues. 
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The main calculation center of the simulator is the interaction of the herd, the productive 

indexes and, finally, the control centers of cost and revenue drivers, thus facilitating 

interaction and enabling economic values to be derived in terms of investments, revenues, 

costs, expenses, and profitability (Figure 1). 

Through reported information on reproductive, sanitary, and zootechnical rates, the model 

can estimate the number of animals in the herd and their respective weights in kilograms. 

These numbers influence the actual stocking rate by calculating and adjusting it to the desired 

stocking rate, that is, the number of animal units (UA) per expensive hectare that was 

proposed in each scenario. These calculations are required to determine the total quantity and 

the average weights for each category in the initial herd until it reaches stability, which occurs 

in the sixth year of system implementation. 

The animal zootechnical indices, such as mortality rates and weight gain, were applied to all 

simulated animal categories. For reproduction rates, the birth rate proposed in each scenario 

was applied. Thus, the quantities obtained for each category are conditioned to the respective 

zootechnical indices. Once herd stability is achieved, the simulator determines the number of 

animals needed to simulate a fully active property. 

 

Figure 1. Flowchart of the bioeconomic model 

The Gerenpec® software, developed by Embrapa Beef Cattle, was also used for analysis in 

order to demonstrate a coherent parameter among the bioeconomic models. 
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Three beef cattle production systems were elaborated for the "Cerrado" biome, characterized 

as: 

• Extensive system, with 401 matrices, represented by a total size of 1.500 ha, with pasture 

recovery of 0% and pasture maintenance of 25%, with maintenance composed of manual 

mowing alone. 

• Semi-intensive system 1, with 401 matrices, but with a total area of 1.100 ha, 5% pasture 

recovery, and 25% pasture maintenance, which consists of harrowing activities, fertilization, 

liming, plowing, and sowing during recovery, to maintain weed mowing and control. 

• Semi-intensive system 2, with an area of 1.500 ha (equivalent to the extensive system 

with 805 matrices), 7% pasture recovery, and 33% pasture maintenance, which consists of 

harrowing, fertilizing, liming, plowing, and sowing activities during recovery, for control of 

weeds and pests. 

The area was reduced to maintain the stocking rate and the same number of matrices; in all 

simulated systems, 20% was designated as an environmental reserve, totaling 1.200 hectares 

of worked area in the extensive system and in the semi-intensive system 2; in semi-intensive 

system 1, the worked area was 880 ha. 

The input data for the simulators were obtained from adaptations of zootechnical mean values 

in the region of the state of Mato Grosso do Sul (MS), collected through a literature review 

(Gaspar et al., 2017); the simulations illustrate the properties of this region, where the 

predominant biome is the Cerrado. 

From the collected data, several productive indices were proposed for each evaluated 

scenario, as represented in Table 1. 

Table 1. Average zootechnical indices of the evaluated systems 

Variables 

Systems 

Extensive Semi-intensive 1 Semi-intensive 2 

Birth 70% 80% 80% 

Weaning Mortality 6% 3% 3% 

Mortality other categories 2% 1% 1% 

Weight of male weaning 159 kg 196 kg 196 kg 

Average age of slaughter 60 months 24 months 24 months 

Male weight at slaughter 471 kg 476 kg 476 kg 

Culling cow 20% 20% 20% 

Stocking Rate (UA/ha) 0,8 1,2 1,2 

Pasture Recovery Annual Rate 0% 5% 7% 

Pasture Maintenance Annual Fee 25% 25% 33% 

Source: adapted from Gaspar et al. (2017). 

The nutritional management of the herd varied according to the system under assessment: the 

extensive system included only mineral supplementation for the entire herd. In addition to 

mineral salt, semi-intensive systems 1 and 2 included protein and mineral supplementation 
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for female and male breeding categories, with an estimated intake of 450 g/UA/day over a 

period of 120 days. 

The applied sanitary and reproductive management practices were standardized, with all 

systems adopting the same techniques during the same periods. Sanitary management 

consisted of the control foot and mouth disease, brucellosis, leptospirosis, clostridiosis, rabies, 

ticks, and mosquitoes. Machine use and improvements were also standardized for all 

simulated systems. The workforce was adjusted to the herd size of each property, based on a 

ratio of 1.000 animals per employee. However, in the extensive system, the weaning and 

adult mortality rates were changed to observe the impact of this change on this system. 

The revenue for the simulated systems was obtained from the sale of finished animals. The 

USA dollar was used as currency for analysis; it was set at R$ 3.81, based on exchange rates 

for the period May to October 2018, according to the Central Bank of Brazil. For the 

financial analysis, the costs to implement pasture-based activities were considered as the 

investment value. 

Once all scenarios were elaborated, it was possible to generate an income statement that 

indicated the gross profit and gross margin. 

The income statement and operating cash flows for each proposed scenario made economic 

analyses possible. 

3. Results and Discussion 

The herd structure of the simulated systems indicates that intensification of ownership leads 

to an increase in the number of animals. This can partly be explained by the number of 

matrices in each simulated scenario: 401 matrices in the extensive system, 401 in 

semi-intensive system 1, and 805 in semi-intensive system 2 (Table 2). 

Table 2. Herd structure of extensive, semi-intensive 1, and semi-intensive 2 systems 

Category 

Systems 

Extensive Semi-intensive 1 Semi-intensive 2 

Total matrices 401 401 805 

Calves 264 312 624 

Growing female (14, 24 e 36m) 195 237 475 

Growing male (Young bulls) 395 305 613 

Fattening 24m - 21 42 

Fattening 36m 3 104 209 

Fattening 48m 17 21 42 

Fattening 60m 106 3 6 

Sires 16 13 27 

Total 1.397 1.417 2.843 

Acronym "m" corresponds to months. 

The increase in the total herd, mainly justified by the use of correctives and fertilizers in 

addition to the correct management of the productive system, result in increased pasture 
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support capacity and improvements in the zootechnical indices. In the extensive system, a 

smaller amount of product was evidenced, mainly in the brood category; this is justified by 

the higher weaning mortality rate compared to other scenarios (Table 2). 

As a result of these better zootechnical indices for birth rate and weaning mortality rate in 

semi-intensive systems 1 and 2, there was an increase of 18% and 136%, respectively, in the 

number of brood stock produced in the herd (48 and 360 more calves in semi-intensive 

systems 1 and 2, respectively) compared to the extensive system. 

Such production increases led to increases in the stock values of these animal categories, by 

US$ 16058.59 and US$ 120439.44 for semi-intensive systems 1 and 2, respectively, relative 

to the 2017 market values. 

This result was also observed by evaluating the three systems using Embrapa beef cattle 

Gerenpec® software, showing an increase of 14.3% and 130% in the offspring produced in 

semi-intensive systems 1 and 2, respectively, relative to the extensive system. 

The results are corroborated by the observations of Corrêa et al. (2006), whose simulated 

evaluations of improved beef cattle production systems indicated that the number of breeders 

and the total herd size increased as the farm intensified. 

In the analysis of the total simulated herd size, semi-intensive system 2 presents an increase 

of 103.5% (1.446 more animals) relative to the extensive system. In semi-intensive system 1, 

this increase was only 1.4% (20 more animals) relative to the extensive system, making the 

improved systems more biologically efficient. 

A computational evaluation performed by Beretta et al. (2001) to estimate the productivity 

and biological efficiency of three beef cattle systems, with differing production improvement 

approaches that focus on age at first calving and birth rates, showed that the proportion of 

cows in stock increased with an increased birth rate. In summary, extreme situations of a low 

birth rate (50%) and high calving age (four years) resulted in a herd structure where only 33% 

of the stock corresponds to calves they conceive. On the other hand, high birth rates (90%) 

and a low calving age (two years) resulted in herds with 81% of calves calving each year. In 

the same study, it was observed that the number of breeders that were needed to maintain a 

production of 50 calves per year decreased as the production systems intensified; this was 

coupled with a decrease in the relative importance of failed cows and replacement heifers, 

which occurred when the birth rate increased. 

Abreu et al. (2003) also observed higher calf production due to a birth rate increase from 65 

to 75%; this increase in the number of cows and calves was gradual during the first four 

simulated years. Their finding is similar to this study, and demonstrates that differences in 

live weight production per area and biological efficiency between systems result from 

changes in herd structure and land use. 

The economic analysis results for the different scenarios are outlined in Table 3. 
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Table 3. Statement of economic results of simulated production systems 

 Extensive system Semi-intensive system 1 Semi-intensive system 2 

Items U$ % U$ % U$ % 

Revenue       

Beef cattle 77842 55.4% 97653 54.1% 195923 54.1% 

Fat cow 32582 23.0% 44.380 24.6% 89041 24.6% 

Heifers 29196 20.6% 36192 20.0% 72613 20.0% 

Bulls 1.802 1.2% 2.002 1.1% 4.016 1.1% 

Gross revenue 141421 
 

180227 
 

361593 
 

Costs       
Inputs       

Fodder 2.092 1.4% 27924 15.4% 56905 15.7% 

Nutritionals 10567 7.4% 16924 9.3% 32011 8.8% 

Reproductive 7.680 5.4% 8.256 4.5% 16060 4.4% 

Toilets 3.842 2.7% 4.431 2.4% 6.875 1.9% 

Total inputs 24182 17.0% 57535 31.9% 111851 30.9% 

Employees 23432 16.5% 23064 12.7% 34021 9.4% 

Maintenance* 7.315 5.1% 7.315 4.0% 7.311 2.0% 

Effective operating costs 57578 40.7% 90486 50.2% 155753 43.0% 

Depreciation 19347 13.6% 19347 10.7% 19336 5.3% 

Total operating costs 76.925 54.3% 109833 60.9% 175089 48.4% 

Remuneration 15.739 11.2% 15739 8.7% 15730 4.3% 

Administrative costs 1.889 1.3% 2.203 1.2% 2.517 0.6% 

Taxes 6.397 4.5% 10620 5.8% 19588 5.4% 

Total costs 100.950 71.3% 138395 76.7% 212924 58.8% 

Gross profit 40.471 
 

41830 
 

148669 
 

Gross margin  28.6%  23.2%  41.1% 

* Maintenance of machinery, equipment, and fuel. 

The total annual farm cost shows a significant increase with the intensification of production 

systems, from US$ 100950 in the extensive system to US$ 138395 and US$ 212924 in 

semi-intensive systems 1 and 2, respectively. This increase is due to the more intensive use of 

inputs (mainly from pasture fertilizers). 

Revenues from the improved systems increase according to the degree of intensification, with 

revenues from semi-intensive systems 1 and 2 of US$ 180227 and US$ 361593.00, 

respectively, which are significantly higher than the revenue from the extensive system of 

US$ 141421. The higher revenues are explained by the higher number of animals sold, thus 

contributing to gross revenue. The same was observed in the simulation performed with 
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Gerenpec® software, where semi-intensive system 2 had a revenue of US$ 361034.00, 

followed by semi-intensive system 1 with US$ 179999.00 and, lastly, the extensive system 

with US$ 135651.00. Note that all revenues are sufficient to cover the total costs presented. 

This same impact was observed in the work done by Abreu et al. (2003), which showed that 

the decrease in calf mortality rates caused a 5.12% revenue increase from scenario 1 to 

scenario 2. 

Table 3 further indicates that the gross profit from the smaller extensive system is US$ 40471, 

followed by semi-intensive systems 1 and with US$ 41830 and US$ 148669, respectively, 

showing that the most technology-intensive systems are more profitable. In semi-intensive 

system 1 and 2, there was a higher effective operating cost, mainly pasture costs; however, 

the gross revenue generated in these systems covered the costs. 

Compared to the simulated gross margin in Gerenpec®, semi-intensive system 2 has a margin 

of US$ 13758/ha, followed by semi-intensive system 1 with US$ 55.49/ha, and the extensive 

system with US$ 48.79/ha. 

The same was observed by Corrêa et al. (2006), who analyzed several improved systems 

(with correct pasture management and similar zootechnical indices for the semi-intensive 

systems analyzed); the profit and gross margin obtained were higher than for the modal 

system. 

It is noted that the cost of sanitary inputs was relatively small in all systems compared to 

other costs, accounting for approximately 2.5% of the effective operating cost. 

Cash flow allows us to observe the company's situation on a monthly basis, not only at 

year-end, as each production system has its peculiarities over the period. 

In the cash flow analysis of the extensive system, it is noted that the system works with a 

negative balance for 3 months (January, February, and March). The negative cash flow during 

these 3 months was characteristic of the sales concentration of animals in different periods 

(Figure 2 and 3). This same variability of cash flow between months and years in livestock 

activity is observed by Scott et al. (2013a) in a study on profitability in 3 livestock 

management systems. 
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Figure 2. Cash flow and cash balance in the extensive system (birth rate of 70%, weaning 

mortality rate of 6% and pasture recovery of 0% and pasture maintenance of 25%) 

 

Figure 3. Extensive system costs profile in 12 months (costs nutritional, forage, sanitary, 

reproductive, labor, other costs and total costs) 

* Other Costs: Entrepreneur Profit, Depreciation, Administrative and Financial Expenses, 

Taxes and Fees. 
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Semi-intensive system 1 presented a negative cash balance during the first 3 months of the 

year, but its recovery was not as significant as semi-intensive system 2. In all months of the 

year, a higher gross revenue was obtained from the semi-intensive system, which is sufficient 

to contribute to its higher profitability compared to the extensive system (Figure 4). 

 

Figure 4. Cash flow and cash balance of semi-intensive system 1 (birth rate of 80%, weaning 

mortality rate of 3% and pasture recovery of 5% and pasture maintenance of 25%) 

It should be noted that the forage costs in semi-intensive systems 1 and 2 were higher 

compared to the extensive system (1.47%), at 15.4% and 15.7%, respectively. These cash 

flow differences from the two technology-intensive systems are shown in Figures 5 and 7. 

In a study conducted by the International Sustainability Institute (2015), in economic analysis 

of three simulated livestock scenarios (without intensification; scenario with technical 

assistance; scenario with technical assistance and intensification of 20% of pasture areas) 

varying the size of the pasture area (300, 500, 1.000 and 4.000 hectares), there was an 

increase in the size of the pasture area in an area of 1.000 hectares of pasture, there was an 

increase in costs in the most technical scenarios (US$ 14452980, US$ 17016313, 

US$ 20027486 respectively), however, in observation of the cash balance, the most technical 

scenarios were more profitable, with a cash balance of US$ 14620837, US$ 20986368, 

US$ 40389459, respectively. 

Yokoyama et al. (1999), which analyzed cash flow, expenses, and revenues in different 

pasture renewal systems, showed that there is an increase in revenue in the first year of 

pasture recovery, but that significant increases in revenue are generated from the second year 

onwards. The authors concluded that pasture recovery emerges as an economically viable 

activity, because it increases stocking and weight gain in recovered pastures. 
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Figure 5. Semi-intensive system 1 costs profile in 12 months (costs nutritional, forage, 

sanitary, reproductive, labor, other costs and total costs) 

* Other Costs: Entrepreneur Profit, Depreciation, Administrative and Financial Expenses, 

Taxes and Fees. 

The balance of semi-intensive system 2 showed the same behavior, but increased along with 

the gross profit throughout the year, relative to the extensive system and semi-intensive 

system 1 (Figure 6). The cash flow reflects a significant difference in the share of revenue in 

the system, and a large difference in fodder expenditure (Figures 6 and 7). 
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Figure 6. Cash flow and cash balance of semi-intensive system 2 (birth rate of 80%, weaning 

mortality rate of 3% and pasture recovery of 7% and pasture maintenance of 33%) 

 

Figure 7. Semi-intensive system 2 costs profile in 12 months (costs nutritional, forage, 

sanitary, reproductive, labor, other costs and total costs) 

* Other Costs: Entrepreneur Profit, Depreciation, Administrative and Financial Expenses, 

Taxes and Fees. 

The fluctuation in annual revenue could be resolved by distributing the revenue over the 
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years; further, it is possible to vary a rural property's production (Viana et al., 2006). 

Alternatively, according to Macedo (2009), grain supplementation could be offered to 

animals in the most critical months of livestock production, thus obtaining more constant 

annual revenues. 

An analysis of the cash balance of the three simulated scenarios indicates that semi-intensive 

system 2 started the year with a significantly lower cash balance than the other scenarios. 

This is mainly attributable to high input costs—mainly forage and other nutritional expenses; 

however, its balance remained positive and increased significantly from March onwards. 

The extensive system had a slightly higher cash balance in January and February compared to 

semi-intensive system 1; however, semi-intensive system 1 had a relatively larger cash 

balance compared to the extensive system from March onwards. This behavior is linked to 

the highest total cost in semi-intensive system 1 in January and March, which consequently 

impacted on this scenario's cash balance. However, semi-intensive system 1 had a higher cash 

balance in most months of the year compared to the extensive system; this difference is 

particularly visible in April, May, June, July, and August (Figure 8). 

This behavior was observed in the study conducted by Scott et al. (2013b), evaluating the 

economic risk of different livestock management systems in three scenarios, showed a 

scenario with a higher accumulated cash balance due to a higher level of production, was also 

the scenario with the highest cost of fertilizer maintenance of pasture (pasture reform rate at 

4% per year). 

Silva (2012) indicates that it is important to keep cash inflows and outflows under control, 

and to know periods of negative cashflow in advance; this allows expenses on peak 

production inputs to be delayed for future payment. 

 

Figure 8. Cash balance of the extensive, semi-intensive and semi-intensive 2 systems 
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4. Conclusion 

The economic results of the three production systems of beef cattle simulated in this study 

show that the semi-intensive systems 1 and 2, characterized by better applicability of 

production techniques (average age of slaughter, stocking rate, pasture recovery and 

maintenance annual rate), lower mortality rates and higher birth rates were more profitable 

than the extensive system, with annual cash balance values of US$ 405.740, US$ 1213.224, 

US$ 323.149 respectively. Demonstrating that improvements in technical and technological 

conditions reflect higher production costs as demonstrated in the cash flow of the 3 scenarios 

evaluated, but these improvements increase productivity, consequently resulting in higher 

revenues, overllaping production costs in the scenarios analyzed. 
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