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ANÁLISE COMPARATIVA DE CUSTOS DE PRODUÇÃO E VIABILIDADE ECONÔMICA DO CAFÉ ARÁBICA NO ESTADO DO ESPÍRITO SANTO CONSIDERANDO COLHEITA MANUAL E SEMIMECANIZADA


ABSTRACT
Recent studies have shown that coffee production costs have been rising above inflation and that the activity has become less attractive to producers. One of the ways to try reducing costs is through the mechanization of activities. The objective of this study was to evaluate the production cost and economic viability of arabica coffee in the state of Espírito Santo, comparing manual and semi-mechanized harvest to different productivity levels, as well as to evaluate the impact of subsidized credit - Pronaf on the economic result of the activity. For the feasibility analysis, the techniques of Net Present Value and Internal Rate of Return were used and the sensitivity analysis was used for the risk assessment.  The results show advantages of the semi-mechanized harvest option. At the level of 50 bags per hectare the activity was profitable considering the interest rate of 8%. In manual harvesting the IRR is 8.3% and in the semi-mechanized harvest the IRR is 16%. The results indicate that the producer can profit from 40 bags per hectare in manual harvest, and at the levels of 30 and 40 bags with semi-mechanized harvest, as long as they have subsidized credit. At the level of 50 bags per hectare, the activity was profitable considering the interest rate of 8%. The risk statistics evaluated by the standard deviation and coefficient of variation indicate that it is less risky to produce at the productivity levels of 50 bags per hectare in manual harvest and over 40 bags per hectare in semi-mechanized harvest. Producers must invest in higher productivity levels with new technologies and mechanization to have greater return in the activity.
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RESUMO
[bookmark: _GoBack]Estudos recentes tem mostrado que os custos de produção de café estão subindo acima da inflação e que a atividade tem se tornado pouco atrativa para os produtores. Uma das maneiras de tentar reduzir custos é através da mecanização das atividades. Este trabalho teve como objetivo aferir os custos de produção e viabilidade econômica do café arábica no estado do Espírito Santo comparando a colheita manual e semimecanizada para diferentes níveis de produtividade, bem como avaliar o impacto do crédito subsidiado – Pronaf no resultado econômico da atividade. Para a análise de viabilidade foram utilizados as técnicas de Valor Presente Líquido e Taxa Interna de Retorno.  Os resultados evidenciam vantagens da opção pela colheita semimecanizada. No nível de 50 sacas por hectare a atividade se mostrou rentável considerando a taxa de juros de 8%. Na colheita manual a TIR foi de 8,3% e na colheita semimecanizada a TIR foi de 16%. Os resultados indicam que o produtor poderá ter retorno a partir de 40 sacas por hectare na colheita manual, e nos níveis de 30 e 40 sacas com colheita semimecanizada, desde que tenha crédito subsidiado. No nível de 50 sacas por hectare a atividade se mostrou rentável considerando a taxa de juros de 8%. As estatísticas de risco avaliadas pelo desvio padrão e coeficiente de variação indicam que é menos arriscado produzir nos níveis de produtividade de 50 sacas por hectare na colheita manual e acima de 40 sacas por hectare na colheita semimecanizada. Os produtores devem investir em níveis maiores de produtividade com novas tecnologias e mecanização para ter maior retorno na atividade.
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1. INTRODUCTION

Coffee cultivation continues to be the highlight of Brazilian agriculture (APARECIDO, ROLIM, SOUZA, 2015; AMARASINGHE et al., 2015; APARECIDO et al., 2016). In the state of Espírito Santo, coffee cultivation represented 36.2% of the Gross Value of farming production in 2016. Espírito Santo is the second largest national coffee producer, responsible for 20.1% of the national coffee production in 2017, with 9.3 million bags. Coffee comprised 18.4% of the State agribusiness exports in 2017 (GALEANO, 2017). According to data from the Ministry of Labor, formal jobs in coffee cultivation accounted for 23.3% of employment in farming in Espírito Santo in 2016 (MTE-RAIS, 2016).
Espírito Santo produces two varieties of coffee: arabica and conilon. The arabica variety is predominant in the south of the state and conilon is predominant in the north. Arabica coffee production is present in 45 municipalities of Espírito Santo and represented 32% of the state coffee production in 2017 (LSPA-IBGE, 2017).
Since coffee is a perennial culture, it is subject to various risks such as climatic adversities, diseases and pests, as well as market and price risks (BARBOSA et al., 2012). With increasing competitiveness in the agricultural sector, the demand for research on production costs also increases and, regarding coffee, it is possible to mention the study of Fernandes et al., 2013; Silva et al., 2013; Silva et al., 2014; Cunha et al., 2015; Cunha et al., 2016a and 2016b; Jasper et al., 2013; Lanna et al., 2012 as examples.  According to Matiello et al., (2016) the analysis of costs, revenues and performance of coffee cultivation should be based on medium and long-term evaluations, carefully choosing the region for crop implementation. Currently, the cost of implementing a coffee crop is relatively high, so the producer must make a careful analysis in the decision making of the investment. This analysis, according to Matiello et al. (2016), includes: a) conjunctural and economic analysis, such as market conditions, supply and demand, prices, interest rates, exchange rate policy and agricultural policy; b) analysis of the property, on aptitude, infrastructure, administration and labor; c) analysis of crop management, the technological level, culture-related problems, productivity and production costs. In addition to the costs of implementation, harvest and post-harvest  should be planned as well (CUNHA et al, 2015; JASPER e SILVA, 2013; SANTOS et al., 2013, 2015 e 2017; MEJÍA et al., 2013).
A study by the National Supply Company (CONAB) showed that arabica coffee producers in the municipality of Venda Nova do Imigrante in Espírito Santo only had positive margin in two of the nine years analyzed between 2012 and 2016 (the costs of implementing the crop were not considered). The study shows that costs rose above inflation (CONAB, 2017).
According to a study by Matiello (2018), coffee production costs, in the last harvests, increased and reached the prices obtained in coffee sale, reducing the profitability of producers. As prices are determined by the market and the producer can do little to avoid further financial losses, a careful analysis of production costs should be made periodically. The data collected by the Campo Futuro project, a partnership between the Federal University of Lavras and the National Confederation of Agriculture, showed that in the south of Minas Gerais, in the 2017 harvest, costs were respectively R$450.00 per bag, in the municipality of Santa Rita do Sapucai, and R$462.00, in the municipality of Guaxupé, considering the total operating costs. The increase from 2016 to 2017 was around 8.4%. The cost estimate for the 2016 harvest showed that, for the production of 10 bags per hectare, the costs are around R$ 600.00 per bag and, for 40 bags per hectare, costs fall to R$ 300.00 per bag (MATIELLO, 2018).
One of the ways to reduce costs in coffee harvesting has been mechanization, which can contribute to the reduction in human labor and to increase labor productivity and the financial return of farmers (OLIVEIRA et al., 2007; SANTINATO et al., 2014; CUNHA et. al., 2016b; JASPER and SILVA, 2013). One of the great challenges for mechanized coffee harvesting comprises its feasibility and improvement in steep lands (CÁRDENAS et al., 2013; CÁRDENAS et al., 2015; SANTINATO, et al., 2016). Soil declivity is an influencing factor on productivity for mechanical systems, and harvesters that work under such conditions suffer a decrease in operational efficiency and productivity, due to a higher demand of time during harvest (CUNHA et al., 2016b). For Lanna and Reis (2012), manual harvesting is infeasible, while mechanization has a lower cost and higher return rates. It is possible to assure that the mechanical harvest for coffee trees yields greater cost reduction and an increase in productivity in relation to other systems, and it is also economically viable (CUNHA et al., 2016b).
Considering the average production of arabica coffee in the state of Espírito Santo around 21 bags per hectare (Graph 1), which is below the national average (24.3 bags per hectare) (CONAB, 2018), it is important to evaluate the average production costs of arabica coffee in order to better guide the producer in their decision-making.
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GRAPH 1- Historical production levels and average coffee productivity in Espírito Santo.
Source: Prepared from CONAB data (2011-2018). (1) 2018 - forecast.
	GRAPH 2 - Prices received by coffee producers in Espírito Santo
Source: Prepared from the price survey of Incaper, 2018.
Note: Values ​​corrected to Dec. 2017, by IGP-M-FGV



Coffee prices increased in 2016, reflecting lower production (Graph 1). The average price received by the arabica coffee producer reached a peak of R$ 475.43 in November 2016 and fell to R$ 402.43 in December 2017 (Graph 2INCAPER, 2017). In March 2018, the price received by the arabica coffee producer was around R$ 380.00 per bag, reflecting the expectation of a larger production. In addition to cost evaluation, the producer needs to create market strategies to improve decision-making in productive arrangements, as well as to be attentive to market trends (CHIPANSHI et al., 2015; PINTO et al., 2015; SANTOS, GOMES and GOMES, 2015).
The objective of this study was to estimate the cost of implantation and production of arabica coffee in the state of Espírito Santo and to verify the economic viability of the activity, comparing the manual and semi-mechanized harvest for different production levels.
The semi-mechanized harvesting system consists in the use of machines only in part of the execution of harvesting operations. In this system, tractor-driven machines perform the harvesting of the coffee after the manual stripping and branch cutting. This system has the potential to serve small, medium and large producers (SOUZA eat al., 2017).
2.MATERIAL AND METHODS
For the development of this study, a survey of the technical coefficients indicated for the cultivation of arabica coffee was first carried out, together with specialists in the activity. Subsequently, the average prices of the inputs and the average selling price practiced in the producing region were surveyed. All costs of inputs, labor, depreciation, cost of land and opportunity cost during the entire production cycle were considered. The production cost calculations were made for the following productivity levels: 15, 20, 30, 40 and 50 bags per hectare in a rainfed crop. The survey was conducted in 2017.
The total cost consisted of explicit costs (inputs and labor) and implicit costs (crop depreciation, land cost and opportunity cost) (MANKIW, 2014; SANTOS et al, 2009). The operational cost expresses the relation of the cost and the capacity of work or production, allowing the rational use of the resources (PIACENTINI et al., 2012). Regarding the land, only its opportunity cost was considered, following the methodology described by COMPANHIA NACIONAL DE ABASTECIMENTO (2010), which estimates that the land remuneration rate is 3% of the average real selling price of the land. The average price of bare land of the region producing arabica coffee (CARNIELLI et al, 2017) was considered.
As for crop depreciation, according to Santos, Segatti and Marion (2009) and Crepaldi (2012), this cost should be considered for permanent crops according to their production lifetime. For coffee cultivation, according to technical information gathered from producers and specialized technicians, production starts from the second year and reaches maximum production from the third year. According to the surveys, productivity is considered good during 20 years of production from the third year, that is, a production lifetime of 20 years is considered for purposes of depreciation calculation (SANTOS et al, 2009).
For the purpose of analyzing the opportunity cost of resources allocated to the activity, an interest rate of 8% per year was considered, which would be close to the remuneration required for application in the financial market. As an evaluation, the Net Present Value was also calculated with different levels of interest rates. Rates of 4%, 6%, 8% and 10% were considered.
For the financial analysis, economic viability indicators were considered (GITMAN, 2010; ASSAF NETO; LIMA, 2014): Net Present Value (NPV) and Internal Rate of Return (IRR).

                                                 (1)           
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In equations1 and 2, NPV = net present value, R$; Rt = revenue in each month, R$; Ct = cost in each month; I0 = initial investment; n = time of project analysis in years; i = minimum attractive rate of return (MARR); IRR = internal rate of return.
 For the investment to be considered viable, the NPV should be positive, and the higher the NPV, the more attractive the investment. The IRR should be higher than the cost of capital or opportunity cost.
For the risk analysis, the sensitivity analysis was considered, a risk assessment methodology that reveals how much the economic result of the NPV of an investment will change due to changes in study variables (ASSAF NETO & LIMA, 2014). The analysis was performed considering three scenarios.
The scenarios considered were: Scenario 1 - the first scenario considered was the one presented initially, which considers the potential production of the crop; Scenario 2 - for the optimistic scenario, the average growth production rates in the years for which positive growth rates were expected (positive biennial) and these actually occurred; Scenario 3 - similarly, the average of the productivity variation of the pessimistic scenario was calculated, but for the purpose of calculation, the years for which negative rates were considered (negative bienniality) and these actually occurred.
For the calculation of historical average and probability of occurrence of each scenario, the data of average production of Arabica coffee from Espírito Santo from 2002 to 2018 were taken. The historical series of production data were obtained from the IBGE and CONAB and historical price data were obtained from the Capixaba Institute for Research, Technical Assistance and Rural Extension - INCAPER. For the risk assessment, mean, standard deviation and coefficient of variation statistics are also presented as described in equations 3, 4 and 5.
.

                                                     (3)

                                    (4)

                                                                            (5)

In equations 3, 4 and 5, E represents the mean, P the probability, σ the standard deviation and CV the coefficient of variation. The higher the standard deviation and the coefficient of variation, the greater the risk.

3.RESULTS AND DISCUSSION
The cost and economic viability of the production of arabica coffee at different productivity levels were evaluated considering manual and semi-mechanized harvest. In the cost evaluation, many producers erroneously consider only the explicit costs, that is, those payments in which the producer perceives the monetary disbursements. However, many producers forget to account for costs which they do not physically cash out. This leads to an illusion that one is profiting from the activity.
The initial investment considering only the inputs and labor, in the first year, is R$ 10,554.73 to produce 15 bags per hectare. Adding the depreciation costs of machinery and equipment, land cost and opportunity cost, the total investment in the first year is R$ 12,199.40. To produce 50 bags per hectare, costs with labor and inputs totaled R$ 23,030.96 and, including other costs, the total rises to R$ 25,577.33. In the depreciation costs, only the costs related to the working hours of each of the machines and equipment in coffee production were included, since they are also used in other crops. Some costs, such as the cost of land and depreciation are fixed; therefore, for lower productivity levels, such costs weigh relatively more for the producer. For a productivity level of 15 bags, the cost of land represents 4% and, for a yield of 50 bags, the land represents only 1.9% of the costs. Implicit costs are relatively higher for the producer who produces 15 bags per hectare, representing 12.9%, while for a yield of 50 bags, implicit costs represent 10%. As for the number of hours per machine, most of the time, what is spent to obtain the productivity of 15, is also spent for the productivity of 40 or 50 bags per hectare, as is the case of carrying fertilizer, mowing, spraying or even picking up the coffee in the countryside. A cart carries 60 bags but, if the productivity is low and 15 bags or 50 bags are picked during the day, the machine time is the same. That is, the number of hours per machine is similar for the various productivity levels. 
The initial investment values ​​per hectare are considered high when compared with other alternatives of agricultural investment and, once it is a perennial crop, the producer must evaluate its costs with criteria.
TABLE 1: Initial investment (1st year) for implantation of 1 ha of arabica coffee at different productivity levels
	Specification / Productivity levels (bags / ha)
	15
	%
	20
	%
	30
	%
	40
	%
	50
	%

	Inputs
	2,916.93 
	24.1 
	3,536.46 
	27.8 
	4,820.50 
	27.8 
	5,801.98 
	28.3 
	7,656.54 
	29.9 

	Labor
	7,637.80 
	63.0 
	7,592.68 
	59.6 
	10,584.40 
	61.0 
	12,524.95 
	61.1 
	15,374.43 
	60.1 

	Total direct costs
	10,554.73 
	87.1 
	11,129.13 
	87.4 
	15,404.90 
	88.8 
	18,326,93 
	89.3 
	23,030.96 
	90.0 

	Depreciation machines
	233.70 
	1.9 
	233.70 
	1.8 
	233.70 
	1.3 
	233.70 
	1.1 
	233.70 
	0.9 

	Cost of land
	486.59 
	4.0 
	486.59 
	3.8 
	486.59 
	2.8 
	486.59 
	2.4 
	486.59 
	1.9 

	Opportunity cost
	844.38 
	7.0 
	890.33 
	7.0 
	1,232.39 
	7.1 
	1,466.15 
	7.1 
	1,842.48 
	7.2 

	Total cost
	12,119.40 
	100.0 
	12,739.76 
	100.0 
	17,357.58 
	100.0 
	20,513.38 
	100.0 
	25,593.73 
	100.0 



In the second year of activity, the costs of inputs and labor are relatively lower, but there are other costs such as the establishment of the patio and granary, for example, as well as crop depreciation, which start to be accounted for when production starts. In the second year, the producer obtains a small harvest that varies from 5 to 20 bags according to crop productivity level. The obtained revenue helps minimize crop costs, but does not even cover the costs of the second year.
In the third year of production, production is already at its highest level and the producer can make a comparative evaluation of the costs and revenue obtained. Graphs 31 and 42 show the total explicit and implicit costs and revenues obtained for the various productivity levels. The total cost increases according to productivity level and the average cost per bag decreases as the productivity level increases (Graphs 53 and 64). If the producer considers only the explicit costs, they have the impression that they are having return (profit) with productivity between 15 and 30 bags per hectare. However, when all the costs are considered, only from 30 bags a positive result in manual harvest is obtained. 
In semi-mechanized harvesting, the cost of acquiring black plastic canvas, labor and machines is the same for producing 30, 40 and 50 bags per hectare. In this case, semi-mechanized harvesting becomes feasible only from 32 bags; while in the manual harvesting 30 bags are sufficient to pay for the costs. With a productivity level of 15 bags, the producer will have an estimated loss of R$ 140.00 per bag. With a productivity level of 50 bags per hectare, the profit is estimated at R$ 70.00 per bag.
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	GRAPH 13: Explicit costs and revenue per ha for different productivity levels (3rd year)
	GRAPH 24: Explicit and implicit costs and revenue per ha for different productivity levels (3rd year)
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	GRAPH 35: Explicit costs and revenue per bag for different productivity levels (3rd year)

	GRAPH 46: Explicit and implicit costs and revenue per bag for different productivity levels (3rd year)



Table 2 presents the costs of the third year of activity for the various productivity levels in manual and semi-mechanized harvesting. Although the annual costs indicate that from 30 bags the producer can obtain a return with manual harvest, it is still necessary to conduct a economic viability study considering the value of the initial investment, that is, the cost of implementing the crop. Thus, the producer must calculate the net present value and the internal rate of return considering the 20 years of crop production. 
From the data collected, there is evidence that the activity only presents viability at the level of 50 bags per hectare, for both manual and semi-mechanized harvest. In manual harvesting, the IRR is 8.3% and is very close to the opportunity cost adopted. In the semi-mechanized harvest, the IRR is 16% and the net present value is R$ 21,411.12, which represents a net profit of R$ 428.22 per bag during the crop life cycle.

TABLE 2: Production costs and revenues (3rd year) of 1 ha of arabica coffee at different productivity levels and indicators of economic viability (during the whole production life cycle)
	Specification / Productivity levels (bags / ha)
	Manual Harvest
	Semi-mechanized harvest

	
	15
	20
	30
	40
	50
	30
	40
	50

	Inputs
	     1,726.92 
	2,012.92 
	2,185.30 
	2,988.78 
	2,897.22 
	4,007.88 
	3,857.53 
	3,765.97 

	Labor
	     4,255.75 
	4,205.00 
	7,017.50 
	8,756.00 
	10,164.50 
	5,877.50 
	6,866.00 
	7,524.50 

	Total direct costs
	     5,982.67 
	6,217.92 
	9,202.80 
	11,744.78 
	13,061.72 
	9,885.38 
	10,723.53 
	11,290.47 

	Crop depreciation
	        545.93 
	578.14 
	796.81 
	945.91 
	1,187.16 
	796.71 
	945.91 
	1,187.16 

	Depreciation machines
	        353.76 
	360.39 
	373.47 
	386.35 
	399.22 
	373.47 
	386.35 
	399.22 

	Cost of land
	        486.59 
	486.59 
	486.59 
	486.59 
	486.59 
	486.59 
	486.59 
	486.59 

	Opportunity cost
	        844.38 
	890.33 
	1,232.39 
	1,466.15 
	1,842.48 
	1,232.25 
	1,466.15 
	1,842.48 

	Total cost 
	     8,213.34 
	8,533.37 
	12,092.06 
	15,029.78 
	16,977.18 
	12,774.40 
	14,008.53 
	15,205.93 

	Total revenue
	     6,127.50 
	8,170.00 
	12,255.00 
	16,340.00 
	20,425.00 
	12,255.00 
	16,340.00 
	20,425.00 

	Net revenue
	-2,085.84 
	-363.37 
	162.94 
	1,310.22 
	3,447.82 
	-519.40 
	2,331.47 
	5,219.07 

	NPV (8%)
	-33,762.81 
	-18,630.70 
	-19,291.53 
	-15,348.21 
	763.23 
	-13,424.80 
	-1,716.72 
	21,411.12 

	IRR
	-
	-
	-
	-
	8.3%
	-
	7.1%
	16.0%




Graph 7 represents the evolution of profit or loss accumulated during the crop cycle. The accumulated loss is relatively higher for lower productivity levels. The producer must have this notion of how much they are losing, that is, if they have been decapitalizing over the years for insisting on maintaining a crop with low productivity levels.
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GRAPH 7: Present Value of the accumulated Profit per bag during 20 years of production for different productivity levels and type of harvest.

Some producers are able to produce high quality coffee and get a higher price for their production, which makes the activity viable. However, most producers end up selling their product at the average market price and can barely pay for the costs.
As an evaluation, the net present value and the internal rate of return were also calculated with different levels of interest rates, since some of the producers obtain financing with subsidized interest rates. Rates of 4%, 6%, 8% and 10% were considered.
The results indicate that the producer can return from 40 sacks per hectare in the manual harvest, and at the levels of 30 and 40 sacks with semi-mechanized harvest, provided that he has subsidized credit.
3.1 Risk analysis

The coffee activity is very dynamic and coffee producers must always be careful to make decisions for their crops, always seeking productivity and profitability, once coffee is already considered a biennial culture, that is, produces more in a year and less the following year.
The analysis of the risk of coffee activity can occur at three different levels: i)  conjectural economic analysis, such as: market, supply and demand, prices, interest, exchange and government agricultural policy, off-farm and which coffee growers have very little chance of acting to change it; ii) analysis of property, such as: aptitude, infrastructure, administration, labor, etc.; which the good coffee grower can always change in such a way that it does not become an effective risk; iii) analysis of crop management, such as: technology used, control of pests and diseases, use of irrigation. These are present risks within the activity and, if decision making is not rapid, the losses may be significant (MATIELLO, et al., 2016).
In the specific case of the Mountain Cafeiculture of the State of Espírito Santo, namely the Mountains and Caparó, or even in the Mountain Cafeiculture of the Matas de Minas Gerais, the Rio de Janeiro Mountains and the South of Minas Gerais, it is important to talk about the risk of the disease called Phoma spot caused by the fungus Phoma spp. which, when attack in the pre- and post-flowering period and with favorable climatic conditions (high humidity, winds and low temperature), causes significant losses in coffee production the following year, due to the attack of the disease in the leaves, branches, flowers and fruits, causing the premature fall of leaves, flowers and fruits in the phase of filling the grains.
Studies carried out in these regions showed increases in production between 75 and 148%, when coffee plants were sprayed preventively to control this disease. In regions such as Alto Paranaíba (MG), the losses recorded were between 30 and 50% of reduction in production in years of higher occurrence of the disease (MATIELLO, et al., 2016). That is to say, in Mountain Regions, as in the case of arabica coffee cultivation in the state of Espírito Santo, it is important for the coffee grower to prevent this disease in coffee pre- and post-flowering, where climatic conditions are favorable for the occurrence of this disease.
Another risk condition for Arabica coffee cultivation in ES Mountains is the Indian Summer (veranicos) period that sometimes occurs in the months from December to March, which coincides with the stage of filling and granulation of coffee fruits; this period where the highest demands of water and nutrients for coffee trees (MATIELLO, et al., 2016). 
In two reproductive coffee stages, drought is detrimental: in flowering, causing less glue of the flowering and in the granulation of the fruits, when the lack of water increases the presence of dull and poorly grained fruits (DAMATTA et al., 2007).
It is important to remember that the technology used in agriculture in recent times has caused the economic risk of agricultural activity to be divided into two variables: variability of production and prices. The use of irrigation reduces or even eliminates the losses caused by water deficit, but the economic risks and risk losses due to excessive rainfall, especially during the harvest period, still remain (FILHO & GONZAGA, 1991). As there are many factors to consider, and the investment is long term, risk analysis generally takes into account the observed history.
For the risk analysis, the sensitivity analysis was considered as presented in the methodology. Three scenarios were considered in the risk assessment. The first scenario was the one presented initially, which considers the potential production of the crop. A probability of 41.1% was attributed to the occurrence of the potential production situation. The average rate of productivity growth for the optimistic scenario was 17.5%, as described in the methodology, and the average price was constant. The probability of occurrence of the optimistic scenario was 32.4%. The average fall in productivity in the pessimistic scenario was 3.4% and the average increase in the price level was 1.4%. The probability of occurrence of the pessimistic scenario was 26.5%. The data presented in table 3 considers the scenario positive and the data presented in table 4 considers the scenario negative. Finally, Table 5 shows the statistics for the average of the three scenarios.

TABLE 3: Production costs and revenues (3rd year) of 1 ha of arabica coffee at different productivity levels and indicators of economic viability - Positive biennial scenario
	Specification / Productivity levels (bags / ha)
	Manual Harvest
	Semi-mechanized harvest

	
	15
	20
	30
	40
	50
	30
	40
	50

	Inputs
	    1,765.51 
	2,064.37 
	2,262.47 
	3,091.68 
	3,046.85 
	4,253.05 
	3,960.43 
	3,915.60 

	Labor
	    4,559.86 
	4,610.48 
	7,625.71 
	9,566.95 
	11,178.19 
	6,118.21 
	7,178.20 
	7,908.19 

	Total direct costs
	    6,325.37 
	6,674.85 
	9,888.19 
	12,658.63 
	14,225.04 
	10,371.26 
	11,138.63 
	11,823.79 

	Depreciation of crop
	       545.93 
	578.14 
	796.81 
	945.91 
	1,187.16 
	796.71 
	945.91 
	1,187.16 

	Depreciation machines
	       353.76 
	360.39 
	373.47 
	386.35 
	399.22 
	373.47 
	386.35 
	399.22 

	Cost of land
	       486.59 
	486.59 
	486.59 
	486.59 
	486.59 
	486.59 
	486.59 
	486.59 

	Opportunity cost
	       844.38 
	890.33 
	1,232.39 
	1,466.15 
	1,842.48 
	1,232.25 
	1,466.15 
	1,842.48 

	Total cost 
	    8,556.03 
	8,990.30 
	12,777.45 
	15,943.63 
	18,140.49 
	13,260.29 
	14,423.63 
	15,739.24 

	Total revenue
	    6,127.50 
	9,599.75 
	14,399.63 
	19,199.50 
	23,999.38 
	14,399.63 
	19,199.50 
	23,999.38 

	Net revenue
	-2,428.53 
	609.45 
	1,622.18 
	3,255.87 
	5,858.88 
	1,139.34 
	4,775.87 
	8,260.13 

	NPV (8%)
	-27,049.69 
	-11,250.40 
	-5,858.80 
	2,641.47 
	23,123.14 
	3,233.06 
	20,870.00 
	49,595.93 

	IRR
	-
	-
	4.3%
	9.3%
	16.5%
	9.8%
	17.4%
	25.0%



Considering that, on average, there would be a 17.5% increase in productivity levels, costs and revenues were adjusted taking into account this scenario (Table 3). In this case, it would be feasible to produce from 40 bags per hectare with manual harvesting and over 30 bags per hectare in semi-mechanized harvest. 

TABLE 4: Production costs and revenues (3rd year) of 1 ha of arabica coffee at different productivity levels and indicators of economic viability - Negative biennial scenario
	
Specification / Productivity levels (bags / ha)
	Manual Harvest
	Semi-mechanized harvest

	
	15
	20
	30
	40
	50
	30
	40
	50

	Inputs
	    1,719.43 
	2,002.93 
	2,170.31 
	2,968.79 
	2,868.15 
	3,960.24 
	3,837.54 
	3,736.90 

	Labor
	    4,196.67 
	4,126.22 
	6,899.33 
	8,598.44 
	9,967.56 
	5,830.73 
	6,805.34 
	7,449.96 

	Total direct costs
	    5,916.09 
	6,129.15 
	9,069.64 
	11,567.23 
	12,835.71 
	9,790.97 
	10,642.88 
	11,186.86 

	Depreciation of crop
	       545.93 
	578.53 
	796.81 
	945.91 
	1,187.16 
	796.71 
	945.91 
	1,187.16 

	Depreciation machines
	       353.76 
	360.39 
	373.47 
	386.35 
	399.22 
	373.47 
	386.35 
	399.22 

	Cost of land
	       486.59 
	486.59 
	486.59 
	486.59 
	486.59 
	486.59 
	486.59 
	486.59 

	Opportunity cost
	       844.38 
	890.33 
	1,232.39 
	1,466.15 
	1,842.48 
	1,232.25 
	1,466.15 
	1,842.48 

	Total cost 
	    8,146.76 
	8,445.00 
	11,958.90 
	14,852.24 
	16,751.16 
	12,680.00 
	13,927.89 
	15,102.31 

	Total revenue
	    6,127.50 
	7,892.22 
	11,838.33 
	15,784.44 
	19,730.55 
	11,838.33 
	15,784.44 
	19,730.55 

	Net revenue
	-2,019.26 
	-552.78 
	-120.57 
	932.20 
	2,979.39 
	-841.67 
	1,856.55 
	4,628,24 

	NPV (8%)
	-34,880.43 
	-19,833.84 
	-17,681.15 
	-18,343.54 
	3,499.81 
	-12,441.02 
	-5,605.18 
	23,016.00 

	IRR
	-
	-
	-7.4%
	-4.7%
	9.4%
	-0.8%
	4.9%
	16.6%



Considering that, on average, there would be a fall of 3.4% in productivity levels and a 1.4% increase in the price of coffee bags, costs and revenues were adjusted taking into account this scenario (Table 4). In this case, the production at the level of 40 bags per hectare becomes unfeasible. It would be feasible to produce from 50 bags per hectare with manual harvesting and over 45 bags per hectare in the semi-mechanized harvest.
Considering that the producer can experience in practice the various situations above and obtain an average income from these scenarios, the statistics that represent the risk around the rates of return presented are shown below.

TABLE 5: Risk analysis considering the three scenarios

	 
	 
	 
	 Productivity levels (bags/ha) and IRR

	 
	 
	
	Manual harvest
	Semi-mechanized harvest

	Probability.
	 
	 
	30
	40
	50
	30
	40
	50

	41.1%
	Scenario 1 - Potential
	 
	-10.6
	-1.8
	8.3
	-1.7
	7.1
	16.0

	32.4%
	Scenário 2 - Optimistic
	 
	4.3
	9.3
	16.5
	9.8
	17.4
	25.0

	26.5%
	Scenário 3 - Pessimistic -
	
	-7.4
	-4.7
	9.4
	-0.8
	4.9
	16.6

	 
	Average
	 
	-4.9
	1.0
	11.3
	2.3
	9.9
	19.1

	 
	Standard deviation
	 
	6.5
	5.9
	3.7
	5.2
	5.3
	4.1

	 
	Coefficient of variation
	 
	-1.32
	5.67
	0.33
	2.29
	0.54
	0.22




The average rates of return for the 30 and 40 bags per hectare in manual harvesting and the level of 40 bags per hectare in semi-mechanized harvest are less than 8% and, therefore, are not economically viable. The average rate of return for production at the level of 50 bags per hectare with manual harvesting was 11.3% and the semi-mechanized harvest at the 40 and 50 bags per hectare level was 9.9% and 19.1%, respectively (Table 5). The higher the standard deviation and the coefficient of variation, the greater the risk, since they indicate greater deviation from the mean. The risk statistics evaluated by the standard deviation and coefficient of variation indicate that it is less risky to produce at the productivity levels of 50 bags per hectare in manual harvest and over 40 bags per hectare in semi-mechanized harvest.

3.2 Importance of public policies for small producers

In the context of the discussions about production costs, it is important to evaluate these costs by considering public policies, such as free technical assistance provided by public institutions, minimum price guarantee policy and subsidized rural credit. Many small farmers use subsidized credit from the National Program for the Strengthening of Family Agriculture - Pronaf. However, the producer only has the reduction of the financial cost in case of using subsidized credit. Once Pronaf rates are relatively lower, the producer ends up not accounting correctly for such costs. Many small producers also disregard other costs such as depreciation and cost of land. It is important to note that the items that comprise the list of costs are practically the same, no matter the level of productivity. What changes is the quantity of each input according to the technical recommendations for each property and productivity level.
In order to show the impact of one of these policies - Pronaf - on the economic result of the activity, the net revenue estimates will be shown in table 6, considering subsidized interest rates of 2, 4 and 6% comparatively, as well as the NPV and IRR. Instead of the opportunity cost, the financial cost was included (Table 6). For purposes of comparison with the estimates previously presented, the discount rate of 8% was maintained for all simulations.

TABLE 6: Estimates of net revenues and economic viability indicators considering different financial cost rates
	Specification / Productivity levels (bags / ha)

	Manual Harvest
	Semi-mechanized harvest

	
	15
	20
	30
	40
	50
	30
	40
	50

	Net revenue
(financial cost 2%)
	-1,452.56 
	304.38 
	1,087.23 
	2,409.83 
	4,829.68 
	404.79 
	3,431.08 
	6,600.93 

	NPV (8%)
	-26,911.86 
	-12,521.80 
	-9,292.38 
	-3,452.41 
	15,712.37 
	-3,426.83 
	10,179.09 
	36,360.26 

	IRR
	-
	-
	1.2%
	6.0%
	14.4%
	5.8%
	13.2%
	21.7%

	Net revenue
 (financial cost 4%)
	-1,663.65 
	81.79 
	779.13 
	2,043.29 
	4,369.06 
	96.72 
	3,064.54 
	6,140.31 

	NPV (8%)
	-29,195.51 
	-14,558.10 
	-12,625.43 
	-7,417.68 
	10,729.33 
	-6,759.48 
	6,213.82 
	31,377.21 

	IRR
	-
	-
	-
	3.7%
	12.4%
	3.5%
	11.2%
	19.8%

	Net revenue
 (financial cost 6%)
	-1,874.74 
	-140.79 
	471.04 
	1,676.76 
	3,908.44 
	-211.34 
	2,698.01 
	5,679.69 

	NPV (8%)
	-31,479.16 
	-16,594.40 
	-15,958.48 
	-11,382.95 
	5,746.28 
	-10,092.14 
	2,248.55 
	26,394.16 

	IRR
	-
	-
	-
	1.1%
	10.4%
	1.1%
	9.2%
	17.9%



With the use of Pronaf the losses are minimized, but the production at levels of 15, 20 and 30 bags per hectare with manual harvesting still remains economically unfeasible. With a financial cost of 2%, the production at the level of 40 bags with manual harvesting is considered economically viable, since the IRR of 6% is greater than the cost of the financial capital considered (2%). The same evaluation is made for semi-mechanized harvesting at the level of 30 bags, which presents IRR of 5.8%, greater than the financial cost of 2%. Semi-mechanized harvesting with a yield of 40 bags per hectare also becomes economically viable at rates of 2, 4 and 6% of financial cost.

4.CONCLUSION

The results indicate that producers can obtain return from 40 bags per hectare in manual harvest, and at the levels of 30 and 40 bags with semi-mechanized harvest, if they use subsidized credit
The results show advantages of the semi-mechanized harvest option. At the level of 50 bags per hectare the activity was profitable considering the interest rate of 8%.. At the level of 50 bags per hectare, the activity was profitable, considering an interest rate of 8%.
The risk statistics evaluated by the standard deviation and coefficient of variation indicate that it is less risky to produce at the productivity levels of 50 bags per hectare in manual harvest and over 40 bags per hectare in semi-mechanized harvest.
The evaluation shows that costs are above revenue for farmers who produce near or below the state average of productivity. Public policies such as subsidized rural credit, for example, only reduce financial costs. However, they are not enough for farmers that produce at low productivity levels to obtain profit. These producers should invest more, seeking higher levels of productivity and investments in new technologies (varieties that are more resistant to pests, diseases and to adverse climatic conditions, production systems appropriate to the type of harvest), technical assistance and mechanization to have a return in the activity.
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