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2.0 cm
)ABSTRACT 
 	
	The aim of this paper is to demonstrate that the Brazilian vegetables, especially whose traded at Juazeiro Producer Market (JPM), have the potential to use financial tools, in a view to minimizing their risk of price, given that they still cannot be classified as a commodity, and therefore do not enjoy the hedging mechanisms available in the futures or options markets. On the other hand, a recent study has indicated the feasibility to implement future market for fruits, given that the characteristics of volatility and market size were considered positive for the success of future contracts (FERREIRA; SAMPAIO, 2009), which can be used as benchmarking for vegetables, once they have the same characteristics. The results of this paper showed that regarding the use of time series for forecasting future prices, the ARIMA method proved effective, since most vegetables showed correlation between the price series current and forecasted above 0.70 and the Theil’s U coefficients below 0.10. Regarding the use of VaR to indicate the level of risk in the returns of vegetables prices, the Historical Simulation proved the most effective technique, followed by Monte Carlo Simulation, the Autoregressive Conditional Volatility and Exponentially Weighted Moving Average. Moreover, it was also possible to identify the probability distribution functions and  factors decay, as well as three risk groups among vegetables (low, intermediate and high). What about the use of hedging, the simulations showed its applicability, since it found optimal hedge ratios between 73% and 98%, with effectiveness ranging between 13% and 80%. Theoretically, it was possible to show a quadratic relationship (with downward concavity) between the maturity of hypothetical futures contract (or lag) and the optimal ratio/hedge effectiveness.
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1. Introduction		

Agribusiness is one of the economic activities in Brazil that has received increased attention in the media, as well as the attention of researchers, scholars and investors even in times of economic crises. This is because, at least in the last decade, its participation in the Brazilian economy: an average of 24% in GDP (CEPEA, 2012), achieved 189% growth in exports (BARROS; ADAMI, 2013) and had a 47% growth in generation jobs, an average of 29,769 jobs/year (BRASIL, 2013). Furthermore, agribusiness can be considered an activity that plays better internal policies of development, because it contributes significantly to the reduction of migration and reducing population pressure in the capitals and metropolitan areas (NEVES; CONEJERO, 2007; MACEDO; LIMA Jr.; MORAIS, 2012).
The various reasons for such a significant share of agribusiness in the national and worldwide trade can be grouped into three levels (NEVES; CONEJERO, 2007): (1) Expressive increase of global demand and prices of some commodities, resulting in augmented consumption for food and energy (BRANDÃO; ALVES, 2007; BRANDÃO, 2011, 2012), (2) the improvements in productivity, which technology is the main determinant of the growth of Brazilian agricultural production with temporal effect lasting, explaining about 67% of production (ALVES et al., 2012), (3) the magnitude of exports of multinational companies with own markets or national agribusinesses in the process of internationalization, which transaction is carried out by international trading companies responsible for this in its various segments, targeting a vertical international production chain of agribusiness (BENETTI, 2004, 2006).
Although the results still indicate a promising prospect of expanding agribusiness, it is important to note that the performance of certain products that the Brazil trades depends not only on the direct application of technological advancements in the production area or governance structures for trading, but it is also influenced by external factors to some extent difficult to predict or control, such as past volatility of prices, price trends, inventory levels, production levels, price transmission between products, exchange rate volatility, volatility fuel prices, the degree of export concentration and volatility of interest rates (BALCOMBE, 2010), as well as climate (MURPHY et al., 2012). The listed factors have great influence on the final price of the agricultural product for the consumer market (both on level and volatility), and most of the producers may feel difficult to plan production and establish a suitable final price (ROACHE, 2010), which makes it necessary for organizations agribusiness greater attention to these topics.
In case of vegetables, although they may be standardized for the markets, with the attestation of certificates and seals, their units may be sold in standardized packets and their delivery dates established in agreements between buyers and sellers, these goods are perishable, which undertakes the long-term storage, which fact in the current paradigm that rules the futures markets, precludes its classification as a commodity, and therefore does not enjoy the hedging mechanisms available in the futures or options markets. That it said, these products are sold on the spot market, and even if your purchase will be repeated, there is no guarantee of future purchase (AZEVEDO, 2007). Therefore, in addition to external factors cited, such characteristics also contribute to increase the dose of uncertainty in the behavior of prices of some agricultural products, which is the case of Brazilian vegetables traded in wholesale.
Thus, understanding how is the behavior of prices becomes important for domestic vegetable growers because this variable attempts to summarize, in a single value, all relevant information for effective trading, as explained by Elder (1993, p.46): "Each price represents a momentary consensus of value between buyers, sellers, and undecided traders at the moment of transaction. There is a crowd of traders behind every pattern in the chartbook". Moreover, Murphy et al. (2012) suggest that the use of financial tools in the management of price and production risks can help to mitigate financial losses across the agribusiness system. However, in the literature, is perceived the tiny and little empirical disclosure of its effectiveness when the research focuses are vegetables.
In this sense, the aim of this paper is to demonstrate that the Brazilian vegetables, especially whose traded at Juazeiro Producer Market (JPM), have the potential to use financial tools in a view to minimizing the risk of price, considering that it has defining characteristics for their use (particularly price volatility), which would contribute to the emergence of a more stable economic environment for growth and investment in the sector, as it is seen for agricultural commodities traded on futures and commodities markets, and may even materialize in its future the recommendation suggested by Gilbert and Morgan (2010, p.3032): "Futures and options markets instead provide a means to hedge price risk that is far cheaper than the alternative use of forward contracts and major exchanges".
 
2. Theoretical support		

The first evidence for using financial tools in non commodities can be seen in Ferreira and Sampaio (2009) work, which they developed an exploratory study for verifying the feasibility of implementation of futures markets for fruits, especially for the grape and mango produced and exported from São Francisco Valley (located at Northeast Region in Brazil), as an alternative to the spot market, presenting so a solution that would contribute in leveraging its exports. Its advantage is that it would allow the transfer of price risk from the growers to market operators that would be likely to accept it, seeking potential future gains. Moreover, this fact would contribute in the process of price discovery by economic agents, which would improve efficiency, competitiveness and price negotiations between producers/exporters and vegetables consumers, in this new paradigm.
Thus, Ferreira and Sampaio (2009, p. 94), in their initial findings, found that it would be feasible to implement future market for fruits, given that the characteristics of volatility and market size were considered positive for the success of future contract (with different weights for grape or mango). However, the authors suggest conducting further studies on this subject, because the decision model that they used to reach these conclusions was deterministic, which dismissed the uncertainty on the evaluation results, this being its main limitation.
On the other hand, since it was identified positive intentions regarding implementation of futures market for Brazilian fruits exported (FERREIRA; SAMPAIO, 2009), and this study can be used as benchmarking for vegetables, is important for the maintenance of this discussion, the definition of methodologies for measuring and managing the degree of volatility that vegetables prices have, in order to verify the effectiveness of current available financial tools to manage its price risk. One of the most common mechanisms that offer a protection against price volatility in the spot market and the consequent connection with the futures market is hedging. In fact, its operation depends on the positive and perfect correlation between the projected prices for the futures market and the price actually charged by the spot market (AZEVEDO, 2007; HULL, 2012). Once there are no futures markets for vegetables, it is necessary to built forecasting models in order to estimate the correlation between futures and spot prices.
To do so, it is proposed the use of time series analysis to estimate future prices for vegetables, since the econometric model constructed to perform the prediction allows the analyzed data "speak for themselves", without recourse to a specific underlying theory to enable their interpretation (BOX; JENKINS; REINSEL, 1994). In fact, the idea of using prediction models of time series as a decision making tool in operations with agricultural futures contracts in Brazil was first presented by Bressan (2004), who produced forecasts of spot market prices to signal positions of purchase and selling in the futures market. His results showed that the ARIMA and Linear Dynamical Models (LDM) are best suited for signaling market trend with a view to transactions in futures contracts.
However, the correlation between spot and future prices by time series tends to not be perfect, making residual risk persists in potential hedging operations. This fact happens because hedging strategies have difficulties to capture price risk. To measure and understand it better, it is used Value-at-Risk (VaR), which result is a monetary value that shows the price risk of cash flows and financial position taken. In other words, its concept determines the maximum that an asset (financial or otherwise) can lose in a given period of time, with a certain degree of confidence predetermined (RISKMETRICS GROUP, 1996; JORION, 2007). Regarding to fruits, Wang, Zhao and Huang (2010) were pioneers in applying VaR methodology in China to calculate their probability distribution functions and the price risk associated with them, which results point to the effectiveness of VaR of its requirements, which study can also be used as benchmarking for vegetables. In fact, the main characteristic of VaR is the facility of understanding of those involved in the decision process, which are not always familiar with certain financial and economics concepts and complex formulas.
Once better understood price risk present in vegetables, the next step is to identify the optimal ratio of the quantity traded that should be protected through hedging. To do so, Azevedo (2007) shows that between two extreme options of (a) allowing operations on the spot market without any hedging (100% risk of price and 0% baseline risk - 0) and (b) to hedge the entire production (0% risk of price and 100% of baseline risk - 1), there are strategies for partial hedging (hedging in only part of production), which are less costly than the full hedging and offer less risk to the producer. This is because the baseline risk hasn’t a strictly positive linear relationship of trade-off risk/return: there are situations that increasing the level of hedging implies an increased risk of operation. Assuming that H is the percentage of production that will be object of hedging, ranging from 0 to 1, there will be a point H* whose optimal trade-off cease to exist, in which an increase in the level of hedging beyond that point would imply an increase in the baseline risk.
In Brazil, Oliveira Neto, Figueiredo and Machado (2009) found that the hedging of corn for the State of Goiás allowed reduction of about 70% of its price risk, with optimal hedge ratios of 85.10% for the season and 80.98% for the offseason. For soybeans produced in the states of Goiás and Mato Grosso, Medeiros, Wande and Cunha (2013) found, respectively, optimal hedge ratios of 53.88% and 69.44%, and effectiveness in the order of 42% and 53%. These results illustrate the level of risk exposure that these products are, demonstrating evidences for the importance of the use of hedging to manage price risk in agricultural commodities, which also could be extended to vegetables.
3. Methodology 

The locus of the study was the Juazeiro Producer Market (JPM), located in Juazeiro city, state of Bahia, which is the fourth largest warehouse of horticultural products in Brazil and the largest in the Northeast region, working as a gravitational centre of regional trading for surrounding cities. Regarding data collection, these happened with the Administration of JPM, where it sought the vegetables average prices in R$ traded between January/2001 and December/2011, totalling 132 monthly observations for vegetable. It is important to say that JPM, although has such data, it doesn’t make ​​any statistical or econometric analysis. The selection criterion chosen for the sample was continuity, i.e., it was listed only the vegetables that were sold in each month of the period Jan/2001-Dec/2011. In this scope, 24 vegetables were selected from among 37 alternatives, representing an average of 99% of the total value traded, presented in Table 1.	
Table 1 – Vegetables selected for analysis
	Aubergine
Beetroot
Cabbage
Carrot
Cassava
Chayote
	Coriander
Cucumber
Garlic
Green Beans
Jacarezinha Squash
Lettuce
	Okra
Peanut in shell
Pear Onion
Potato
Pumpkin
Purple Onion
	Red pepper
Squash
String bean
Sweet potato
Tomato
Yam


			     Source: JPM (2012).
Regarding the construction of time series of each vegetable, it was used ARIMA method proposed by Box, Jenkins and Reinsel (1994), which consists of three stages: identification, estimation and diagnosis of the chosen model. To use this method, it is necessary that the time series be stationary, whose verification is given by the Augmented Dickey-Fuller test (ADF). In case of non-stationarity, it was calculated the first difference of the time series and applied again the ADF test. The estimation and diagnosis occurred concomitantly. After observing the correlogram and autocorrelation and partial autocorrelation functions, it was tried to build a model AR (p), MA (q) or ARMA (p, q) which had the lowest Bayesian Information Criterion (BIC). In this same field, may also be considered using multiplicative seasonal models [SARIMA (p,d,q)x(P,D,Q)s] in case they were needed. Then it was verified the absence of serial autocorrelation on residuals by Ljung-Box test, and the presence of heteroskedasticity on squared residuals of models built, by Lagrange Multiplier proposed by Engle (1982). Once identified, it was applied ARCH(r) (ENGLE, 1982) or GARCH(r,s) (BOLLERSLEV, 1986) models, whose choice also was by the lowest BIC found. Table 2 summarizes the equations used for time series analysis.
Table 2 – Equations for time series analysis
	Model
	Equation

	AR(p)
	 

	MA(q)
	 

	ARMA (p,q)
	 

	SARIMA (p,d,q)x(P,D,Q)s
	 

	ARCH(r)
	 

	GARCH (r,s)
	 


Source: Box, Jenkins and Reinsel (1994); Engle (1982); Bollerslev (1986).
For the calculation of VaR, it used the methods of Historical Simulation, Monte Carlo Simulation, Exponentially Weighted Moving Average (EWMA) and Autoregressive Conditional Volatility (HENDRICKS, 1996; RISKMETRICS GROUP, 1996; JORION, 2007; HULL, 2012), with a monthly time and 95% confidence, to calculate the risk associated with continuously compounded returns (or the natural logarithm of simple returns: r) found in the vegetables prices series, with 131 observations. In Historical Simulation, VaR is the eighth return ordered increasingly; in Monte Carlo Simulation, VaR is the value corresponding to 5% of the probability distribution function that best fit the returns series, chosen by the Anderson-Darling goodness-of-fit test: Beta, BetaPERT, Exponential, Extreme Maximum, Extreme Minimum, Gamma, Logistic, Lognormal, Normal, Pareto, Student’s t, Triangular, Uniform and Weibull; in EWMA, it calculated the coefficient lambda () that minimizes the mean square error (MSE) between actual and fitted variance returns of series; in Autoregressive Conditional Volatility, it used ARCH/GARCH models that best predict conditional variances of series. In all cases it used the backtesting to gauge the effectiveness of the method, with the expectation that only seven observations exceed the calculated VaR ( 0.05*131). Table 3 shows the EWMA and MSE equations used in this study.
Table 3 – Equations for VaR calculated by EWMA
	Model
	Equation

	EWMA
	 

	MSE
	 


Source: Riskmetrics Group (1996); Jorion (2007); Hull (2012).
Finally, the optimal hedge ratio that could be employed in case of hedging existence for vegetables was calculated by the method of Minimum Variance (MV) proposed by Johnson (1960):
 
Where S is the variation of spot prices; F is the variation of predicted prices by time series;  is the correlation coefficient between S and F; s e f are, respectively, the standard deviation of S and F. The measurement of hedge effectiveness considered in the study is 2, which means that the larger the square of correlation S and F, the greater the percentage reduction of the variance of change in prices from decision hedging, which shows a greater reduction of risk. For the  price variation, they were considered lags 1-12 months, in order to also verify if the optimal hedge ratio approaches the naïve hedge when the hedging horizon increases, as hypothesized by Chen, Lee and Shrestha (2003).

4. Data Analysis 

Table 4 shows the results of equations for the time series of vegetables prices, which are shown in its reduced format, with C indicating the presence of a constant. All coefficients have shown statistical significance of, at least, 10%. All price series are non-stationary, which required the calculation of its first difference to become stationary. In all equations was eliminated the effect of serial autocorrelation of residues, whose final shape has the lowest Bayesian Information Criterion (BIC) found. Regarding heteroskedasticity, it was identified in seven vegetables, in which the ARCH/GARCH models were applied as the case. On the stochastic multiplicative seasonality (SARIMA), it was identified in five vegetables, both annual and semi-annual seasonality.

Table 4 – Results of time series equations for vegetables
	Vegetable
	Equation
	Theil’s U
	Correlation

	Aubergine
	C MA(1) MA(2)
	0.0700
	0.8663

	Beetroot*
	C AR(1) AR(2) SAR(6) MA(1) SMA(6)
	0.0817
	0.8725

	Cabbage*
	AR(1) SAR(12) MA(1) SMA(12)
	0.0990
	0.7914

	Carrot+
	C AR(1) AR(4) MA(1) GARCH(1,1)
	0.1204
	0.7863

	Cassava+
	AR(1) AR(2) MA(1) MA(2) GARCH(1,1)
	0.0802
	0.8958

	Chayote
	C AR(2) AR(3) AR(4) MA(1) MA(2) MA(3)
	0.0779
	0.8251

	Coriander
	MA(1) MA(5)
	0.2309
	0.6104

	Cucumber+
	C AR(1) MA(1) GARCH(1,1)
	0.0847
	0.8524

	Garlic
	AR(1) AR(2) MA(1) MA(2)
	0.0557
	0.9404

	Green Bean*
	C AR(1) MA(1) SMA(6)
	0.0555
	0.9221

	Jacarezinha Squash
	C AR(1) AR(2) MA(1) MA(2)
	0.0931
	0.8677

	Lettuce
	C AR(1) AR(3) AR(6) MA(1) MA(2) MA(3)
	0.1660
	0.7124

	Okra*
	C AR(1) SAR(12) MA(1) SMA(12)
	0.1079
	0.7354

	Peanut in Shell
	C AR(2) AR(3) MA(1) MA(2) MA(3)
	0.0628
	0.9270

	Pear Onion
	C AR(1) MA(1) MA(2)
	0.1447
	0.7904

	Potato+
	C AR(1) AR(3) MA(1) GARCH(1,1)
	0.1037
	0.8002

	Pumpkin+
	C AR(1) MA(1) GARCH(1,1)
	0.1094
	0.7460

	Purple Onion+
	C AR(1) AR(2) MA(1) GARCH(1,1)
	0.1328
	0.8135

	Red Pepper
	C AR(6) MA(1) MA(2) MA(3)
	0.0965
	0.8375

	Squash*
	C AR(1) AR(2) SAR(6) MA(1) MA(2)
	0.0836
	0.8565

	String Bean+
	AR(1) AR(2) AR(3) MA(7) ARCH(1)
	0.0996
	0.7808

	Sweet Potato
	C AR(1) AR(2) AR(3) AR(4) MA(1)
	0.0626
	0.8997

	Tomato
	C MA(1) MA(2) MA(3) MA(4) MA(5) MA(6)
	0.1381
	0.7922

	Yam+
	C AR(1) MA(1) ARCH(1)
	0.0701
	0.8784


   Note: * has seasonality; + has heteroskedasticity.
Also on Table 4, it can be seen that 23 vegetables showed correlations between actual and expected series of prices above 0.70, which can be considered high, while only one had correlation between 0.60 and 0.70, and may be classified as moderate, according to Hair et al. (2005, p.312). As for the Theil’s U coefficient, this measure indicates the predictive accuracy of the time series equation: the closer to zero, the better. In this sense, it is observed that 15 vegetables have values ​​below 0.10, indicating a significant predictive capability of models. Furthermore, although nine vegetables have surpassed 0.10, none of them exceeds the value 0.24, which may also be classified with good predictive power of the series of prices, considering this study as exploratory. In general, it was possible to certify the applicability of ARIMA method for the construction of the series of expected vegetables prices, which are understood from now as their future prices.
Table 5 shows the results of VaR for the vegetables prices series. Regarding Historical Simulation (HS), Monte Carlo Simulation (MS), Exponentially Weighted Moving Average (ES) and Autoregressive Conditional Volatility (GS) methods, it is shown the number of times that returns exceed calculated VaR in each case, whose expected value is seven observations. Importantly, the HS and MS methods consider a single VaR for the entire price series (also shown in Table 5), whereas the ES and GS methods recalculate VaR for each new data inserted in the vegetable price series.
Table 5 – Results of VaR for vegetables (converted to simple returns)
	Vegetable
	HS
	MS
	ES
	GS
	
	VaR HS
	VaR MS
	DPF

	Garlic
	7
	10
	11
	-
	0,954
	-18,74%
	-16,15%
	Logistic

	Green Bean
	7
	7
	9
	-
	0,944
	-19,08%
	-19,47%
	Logistic

	Cassava
	7
	8
	12
	8
	0,961
	-20,93%
	-20,39%
	Student’s t

	Aubergine
	7
	6
	9
	-
	0,885
	-21,50%
	-22,63%
	Logistic

	Sweet Potato
	7
	8
	10
	-
	0,938
	-21,62%
	-21,32%
	Logistic

	Yam
	7
	8
	9
	12
	0,719
	-21,90%
	-21,24%
	Logistic

	Cucumber
	7
	7
	10
	8
	0,934
	-22,45%
	-23,61%
	Student’s t

	Squash
	7
	7
	8
	-
	0,897
	-22,64%
	-23,50%
	Logistic

	Chayote
	7
	5
	9
	-
	0,884
	-23,61%
	-28,16%
	Logistic

	Carrot
	7
	4
	11
	4
	0,973
	-25,89%
	-34,28%
	Logistic

	String Bean
	7
	5
	7
	6
	0,682
	-26,84%
	-31,93%
	Logistic

	Pumpkin
	7
	7
	9
	7
	0,911
	-27,50%
	-27,97%
	Logistic

	Peanut in Shell
	7
	5
	5
	-
	0,854
	-27,71%
	-31,17%
	Student’s t

	Jacarezinha Squash
	7
	3
	11
	-
	0,891
	-27,78%
	-30,26%
	Logistic

	Beetroot
	7
	7
	8
	-
	0,931
	-28,44%
	-28,82%
	Logistic

	Potato
	7
	10
	9
	12
	0,940
	-29,44%
	-28,33%
	Logistic

	Red Pepper
	7
	8
	9
	-
	0,854
	-30,00%
	-29,96%
	Logistic

	Okra
	7
	4
	9
	-
	0,859
	-33,33%
	-39,17%
	Logistic

	Pear Onion
	7
	4
	12
	-
	0,948
	-35,71%
	-40,79%
	Logistic

	Cabbage
	7
	10
	10
	-
	0,915
	-36,47%
	-31,22%
	Logistic

	Purple Onion
	7
	9
	15
	16
	0,955
	-40,78%
	-38,82%
	Logistic

	Tomato
	7
	9
	12
	-
	0,930
	-53,95%
	-51,62%
	Weibull

	Lettuce
	7
	8
	13
	-
	0,774
	-55,75%
	-54,94%
	Logistic

	Coriander
	7
	11
	10
	-
	0,680
	-63,33%
	-59,93%
	Logistic


When applying backtesting, it was found that HS was the method that best met the expectation of seven observations, showing VaRs that meet the condition of 95% confidence for one month. Moreover, it is possible to divide the vegetables into three risk groups: the first, lower risk, has values ​​between -18.74% and -22.64%; the second, intermediate risk, contains values ​​between -23.61% and -29.44%; and the third, highest risk, has values ​​between -30.00% and -63.33%. Garlic is the vegetable with the lowest risk, Pumpkin and Peanut in Shell are the medians and Coriander presents the greatest risk to returns of vegetable price series.
 Regarding VaR obtained by MS, it was underestimated in 11 cases [see values ​​above seven], overestimated in eight cases [see values below seven] and met expectations in five cases. However, an important information achieved by this method were the probability distribution functions of returns found, in which the logistic distribution was predominant (20 times), followed by Student's t (3 times) and the Weibull (once). Since the Normal distribution has not been identified, it is important to say that the initial proposal of VaR presented by RiskMetrics Group (1996) should be adjusted for data probability distribution functions, as observed in the Wang, Zhao and Huang (2010) paper. And since the decision makers tend to be averse to losses, the VaR overestimation reveals its positive side, indicating that adjusted Monte Carlo simulation showed results more pros (13) than cons (11).
Considering VaR obtained by ES, it was 22 times underestimated, overestimated and met expectations once each. Such adverse outcome may have been caused by the use of Normal distribution in VaR calculation, since EWMA provides one of its parameters, which is the estimated standard deviation. Moreover, the use of ES allowed the calculation of  coefficient (or decay factor) that minimizes the Mean Square Error (MSE), in which one can check if the previous estimate 2t-1 or the most recent observation of variation r2t-1 receives the highest weighting. The results show that 13 vegetables had  coefficients above 0.90 and 11 obtained  values ​​between 0.68 and 0.90, indicating that the previous estimate 2t-1 has greater importance in predicting the 2t current estimate than the most recent observation of variation r2t-1.
As for VaR obtained by GS, it was underestimated in five cases, in two cases overestimated and met expectations once, which use has happened only in case of heteroskedasticity detected in the vegetables prices series. Interestingly, in which of the eight cases identified, six were GARCH(r,s) models, showing, that the previous estimate 2t-1 has greater importance in predicting the 2t current estimate, whereas in two valid ARCH(r), it showed the prevalence of the most recent r2t-1 observation in 2t prediction. In most of cases, their results were equal or better than ES.
Tables 6 and 7 show, respectively, the results of the optimal ratio and hedging effectiveness for vegetable sold monthly in JPM, if the equations found in Table 4 reflect the prices of futures contracts hypothetically traded, since they do not currently exist. To further explore the issue, it is admitted the use of futures contracts with maturities (or lags) between 01 and 12 months, monthly marketed and without the option of early maturity. It was not considered the transaction costs involved.
In practical terms, all optimal hedge ratios that exceeded 100% were excluded at this time, precisely because they contradict the theoretical assumptions that guide the hedging. That said, it tried to identify the maturities on these futures contracts that had the largest hedge effectiveness possible, as well as their percentage of the amount transacted that should be used of these contracts (the optimal ratio), whose results are highlighted by vegetable tables below. Under these conditions, it was possible to note that the optimal hedge ratios ranged from 65% (yam) to 99% (green bean), accompanied by a range between 18% (pumpkin) and 79% (cassava) observed in the effectiveness of hedge. Moreover, it was also found that there was no indication for the use of futures contracts maturing in one month, as described below.
Table 6 – Results of optimal hedge ratio for vegetables (%)
	Vegetable/Lag
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	R2

	Aubergine
	-
	68
	70
	75
	73
	69
	68
	68
	77
	77
	82
	77
	51

	Beetroot
	23
	88
	98
	109
	101
	109
	107
	102
	103
	103
	99
	88
	70

	Cabbage
	-
	69
	94
	101
	100
	110
	109
	101
	94
	91
	78
	67
	92

	Carrot
	-
	44
	54
	70
	77
	74
	80
	61
	61
	61
	53
	58
	60

	Cassava
	-
	41
	61
	72
	75
	78
	80
	83
	81
	89
	88
	85
	92

	Chayote
	02
	59
	109
	130
	121
	136
	121
	120
	98
	96
	55
	29
	92

	Coriander
	-
	20
	42
	56
	86
	97
	102
	88
	88
	83
	81
	92
	86

	Cucumber
	-
	34
	84
	71
	91
	92
	98
	84
	91
	91
	68
	88
	60

	Garlic
	14
	57
	70
	78
	85
	91
	89
	90
	89
	90
	90
	91
	88

	Green Bean
	-
	39
	95
	83
	82
	125
	113
	80
	99
	89
	68
	69
	58

	Jacarezinha Squash
	16
	69
	85
	96
	104
	107
	107
	106
	106
	108
	104
	106
	86

	Lettuce
	28
	80
	90
	97
	103
	94
	107
	99
	93
	94
	84
	81
	76

	Okra
	-
	55
	78
	83
	74
	85
	82
	85
	88
	92
	91
	76
	68

	Peanut in Shell
	37
	60
	91
	124
	65
	76
	125
	108
	79
	91
	115
	86
	39

	Pear Onion
	09
	70
	86
	89
	99
	102
	96
	96
	107
	90
	103
	97
	76

	Potato
	08
	65
	93
	104
	111
	113
	108
	109
	94
	79
	95
	90
	75

	Pumpkin
	-
	58
	104
	114
	100
	123
	117
	110
	106
	112
	87
	95
	63

	Purple Onion
	21
	64
	84
	89
	94
	96
	92
	89
	94
	86
	91
	91
	78

	Red Pepper
	01
	71
	121
	116
	118
	140
	141
	119
	123
	122
	111
	111
	80

	Squash
	06
	76
	89
	109
	107
	116
	119
	116
	111
	114
	112
	113
	82

	String Bean
	-
	41
	47
	33
	48
	59
	75
	57
	50
	49
	54
	41
	43

	Sweet Potato
	15
	75
	78
	92
	100
	102
	105
	103
	100
	95
	95
	92
	84

	Tomato
	46
	98
	103
	116
	107
	100
	101
	104
	94
	102
	91
	97
	47

	Yam
	-
	29
	44
	57
	61
	56
	61
	60
	65
	53
	63
	51
	79


In theoretical terms, it was tested the hypothesis formulated by Chen, Lee and Shrestha (2003), which says that as the hedging horizon increases (i.e., the maturity of futures contracts), the optimal hedge ratio approaches to the naïve hedge. At this stage, all the results in Tables 6 and 7 were considered in the analysis. Therefore, it was observed that as the maturity of futures contracts increased, the optimal hedge ratio increased to some extent, often reaching their maximum above the naïve hedge, and then begin to decrease, suggesting the existence of a quadratic relationship between variables, such as: H* = -a(Lag)2 + b(Lag) + c. It is also important to say that the same phenomenon was observed between the maturity of the futures contracts and hedging effectiveness.
Table 7 – Results of hedge effectiveness for vegetables (%)
	Vegetable/Lag
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	R2

	Aubergine
	-
	13
	14
	17
	17
	18
	18
	18
	22
	22
	25
	24
	91

	Beetroot
	04
	40
	47
	57
	53
	59
	56
	51
	49
	46
	39
	32
	80

	Cabbage
	-
	20
	40
	49
	47
	58
	58
	50
	43
	38
	24
	17
	93

	Carrot
	-
	17
	28
	41
	45
	39
	44
	26
	27
	29
	23
	28
	45

	Cassava
	-
	18
	38
	52
	58
	62
	65
	70
	67
	79
	75
	72
	95

	Chayote
	0
	08
	34
	41
	40
	46
	39
	34
	24
	21
	07
	02
	90

	Coriander
	-
	01
	05
	10
	20
	25
	27
	20
	22
	20
	18
	24
	82

	Cucumber
	-
	04
	24
	17
	28
	28
	32
	23
	26
	28
	15
	26
	56

	Garlic
	02
	32
	48
	59
	66
	68
	69
	70
	72
	76
	76
	78
	93

	Green Bean
	-
	05
	25
	22
	25
	43
	34
	20
	28
	23
	14
	14
	62

	Jacarezinha Squash
	03
	42
	58
	66
	74
	76
	75
	74
	73
	74
	68
	70
	88

	Lettuce
	06
	25
	33
	38
	39
	35
	40
	39
	32
	35
	29
	31
	77

	Okra
	-
	06
	12
	15
	11
	16
	16
	16
	18
	19
	19
	15
	81

	Peanut in Shell
	05
	16
	22
	24
	15
	21
	28
	25
	21
	26
	25
	21
	62

	Pear Onion
	01
	31
	43
	45
	53
	56
	51
	50
	58
	45
	57
	52
	80

	Potato
	0
	26
	47
	54
	58
	59
	53
	55
	44
	31
	42
	35
	76

	Pumpkin
	-
	07
	23
	28
	21
	33
	30
	26
	24
	27
	16
	18
	66

	Purple Onion
	06
	40
	58
	59
	61
	63
	59
	56
	58
	51
	57
	59
	67

	Red Pepper
	0
	19
	43
	41
	47
	56
	56
	44
	45
	43
	36
	36
	86

	Squash
	0
	31
	42
	63
	62
	68
	72
	68
	63
	67
	64
	66
	91

	String Bean
	-
	09
	10
	06
	13
	21
	29
	19
	15
	14
	16
	09
	52

	Sweet Potato
	02
	39
	48
	62
	67
	69
	69
	65
	62
	54
	52
	51
	87

	Tomato
	17
	60
	64
	70
	59
	58
	59
	61
	52
	61
	50
	56
	39

	Yam
	-
	04
	09
	16
	18
	15
	18
	18
	21
	14
	20
	13
	76


To confirm this observation, the equation was tested by the Ordinary Least Squares (OLS), which coefficient of determination R2 is the last column of Tables 6 and 7, being statistically significant at the 5% confidence level, in all cases. Since the coefficient of determination R2 was above 0.70 in 14 vegetables regarding the optimal ratio, and 16 vegetables regarding the effectiveness, it was possible to confirm a trend of a quadratic relationship (with downward concavity) between the maturity of the contract (or lag) and the optimal ratio/hedge effectiveness for the vegetables here investigated. The only exception is aubergine, which result indicated an upward concavity, indicating an opposite effect to the mentioned above.

5. Conclusion 

The aim of this paper was to demonstrate that the Brazilian vegetables, especially whose traded at Juazeiro Producer Market (JPM), had the potential to use financial tools in a view to minimizing their risk of price.
Regarding the use of time series for forecasting future prices, the ARIMA method proved effective, since most vegetables showed correlation between the price series current and forecasted above 0.70 and the Theil’s U coefficients below 0.10. Regarding the use of VaR to indicate the level of risk in the returns of vegetables prices, the Historical Simulation proved the most effective technique, followed by Monte Carlo Simulation, the Autoregressive Conditional Volatility and Exponentially Weighted Moving Average. Moreover, it was also possible to identify the probability distribution functions and  factors decay, as well as three risk groups among vegetables (low, intermediate and high). What about the use of hedging, the simulations showed its applicability, since it found optimal hedge ratios between 65% and 99%, with effectiveness ranging between 18% and 79%. Theoretically, it was possible to show a quadratic relationship (with downward concavity) between the maturity of hypothetical futures contract (or lag) and the optimal ratio/hedge effectiveness.
Finally, the expectation of this study is that its results would stimulate discussion on the use of financial tools in agricultural products that are not yet formally classified as commodities, in order to extend the theoretical and practical on Futures Markets, and also contribute to the mitigating monetary losses that happen in these markets, providing perhaps a more stable economic environment for growth and investment to these sectors.
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