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Abstract: 

The hypotheses that futures prices are an unbiased predictor of spot prices are a joint 

hypothesis that the market is efficient and there is no risk premium. In order to test separately 

unbiasedness and market efficiency, cointegration techniques must be applied. The goal of 

this paper is to assess both hypotheses separately for the Brazilian live cattle futures market 

using cointegration techniques in a variety of forecast horizon. To accomplish this goal, were 

generated samples from 1 to 6 months forecast horizons and the series were tested for the 

order of integration, difference stationarity, cointegration and an error correction model was 

estimated. The results show that at 95% confidence level, live cattle futures market is efficient 

and unbiased only for 4 months forecast horizon. 

 

Keywords: Efficiency. Live cattle futures market. Cointegration. 

 

1. Introduction  

 

The hypotheses that futures prices are unbiased predictors of spot prices and market is 

efficient have being a concern for a long time, given their importance on risk management, for 

producers and firms. Researchers have being addressing simultaneously these hypotheses, 

since unbiasedness is a joint hypothesis that the market is efficient and there is no risk 

premium (BECK 1994, McKENZIE and HOLT 2002). Using Cointegration techniques  

BECK (1994) showed that these hypotheses can be tested separately, since it allows the 

presence of a constant risk premium, which opens the possibility to test the hypothesis of 

efficiency non conditional the existence of a risk premium. 

KONPPENHAVER (1983) and BECK (1994) highlighted that a market can be 

efficient and have risk premium, which could create an upward or downward bias in the 
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futures prices, on the other hand, investigating the hypothesis that the prices are unbiased 

predictors of the spot prices the null hypothesis of unbiasedness will be rejected. 

Equation 1 was used with different versions to assess the efficient market hypothesis 

(BECK 1994) and can summarize the arguments presented above.  is the spot price at the 

maturity in t+1,  is the future price in period t and ,  is the random error in t+1. 

 

                                                                                             (1) 

 

Testing the efficient market hypothesis it is assumed the null hypothesis,  and 

. This constraint implies that there is no risk premium and all past information about 

spot and futures prices are reflected in . If the null hypothesis is not rejected this equation 

states that the futures price is the best forecast for the spot price. 

The presence of a positive or negative risk premium would lead to the rejection of the 

null hypothesis implying that futures price is a biased predictor of the spot price, however as 

highlighted by BECK (1994) the presence of a risk premium, should not influence the market 

efficiency. 

McKENZIE and HOLT (2002) discussed the rejection on the null hypothesis on 

equation 1 and stated that rejecting it can lead to different conclusions, since the market might 

be inefficient or the presence of constant risk premium can make the forecast biased, however 

the market is efficient. They also pointed out the difficulty to distinguish empirically both 

concepts, since an unbiased futures price implies that the market is efficient and there isn’t a 

risk premium, since agents are risk neutral. 

In order to address both hypotheses separately and avoid the estimation problems 

caused by nonstationarity characteristic on futures and spot prices series BECK (1994) 

suggested the use of cointegration techniques. Cointegration techniques allow the presence of 

a constant risk premium and give the opportunity to test the hypotheses of unbiasedness and 

efficiency separately. 

The goal of this paper is to investigate the efficiency market hypothesis and the 

hypothesis that the futures price is an unbiased estimator of the spot price in the live cattle 

futures market of BM&FBOVESPA using cointegration techniques for forecast horizons 

varying from 1 to 6 months.  

The live cattle futures contract is the most traded agricultural contract in 

BM&FBOVESPA with 41%, 42% and 41% of the total agricultural contracts traded in 2009, 
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2010 and 2011 respectively. In 2011, were traded 975.362 futures contracts of live cattle from 

the total of 2.348.053 futures and options contracts of all agricultural commodities. 

This work extends the research in the Brazilian live cattle futures market by analyzing 

the hypotheses of efficiency and unbiasedness for different forecast horizons, which can bring 

some light for market participants about the role of forward pricing in this market as well as 

feed cattle decisions. 

This paper is divided in 6 sections. The first section is the introduction, the second 

brings a literature review focused on papers that investigate efficiency and unbiasedness in 

live cattle futures market, the third describes the methodology employed in this work, the 

forth detailed the process of sample formation, the fifth shows the results and the sixth 

presents the conclusion. 

 

2. Literature Review  

 

Market efficiency investigates how accurate the futures prices of a commodity in 

period t, determined by the market using the available set of information, expiring in t+1, 

reflect the expected spot price in t+1. Therefore, FAMA (1970) establishes three forms of 

efficiency: weak, semi-strong and strong, where each form is characterized by the information 

set included in it.  

Early studies about live cattle futures market efficiency using different methodologies 

produced mixed results. LEUTHOLD (1972) analyzes the hypothesis that live cattle futures 

prices behave randomly and past information is not useful to predict futures prices changes, 

implying that any mechanical trading rule cannot generate a profitable investment. 

Using spectral analysis and filter rules, Leuthold found that live cattle futures prices 

presented random behavior in some periods and not random in others. Hence, as expected, 

when applying the filter rules to no random contracts the largest returns were obtained, 

however, when the trading rules were applied to random contracts, a positive gross profit 

were observed, questioning the random behavior of live cattle futures prices. 

Though LEUTHOLD (1972) found positive gross returns, KOPPENHAVER (1983) 

highlighted that COX (1976) using the same sample period as LEUTHOLD (1972) with a 

different trading rule did not find a significant gross profit. COX (1976) found an annual rate 

of return for live cattle of -3.321%, while Leuthold found with 3% filter rule an annual net 

rate of return of 115.82. 
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KOPPENHAVER (1983) criticizes the use of a random walk model to test the 

efficiency hypothesis observing that with this framework, futures prices must be an unbiased 

predictor of spot prices and point out that unbiasedness is not a necessary condition for 

futures prices to reflect all the available information. 

Unbiasedness is a joint hypothesis that the market is efficient and there is no risk 

premium. KEYNES (1930) states that a short hedge producer, which enters in the market to 

hedge his output, demands futures contracts to transfer the risk as long she is a risk averse 

producer. In order to transfer the risk producers pay speculators to bear the spot price risk 

generating a downward bias in future prices. 

LEUTHOLD (1974) investigates if futures prices are an unbiased predictor of spot 

price using the relationship presented in equation 1. His work analyzes live cattle futures 

prices from 1 to 8 months prior to delivery and finds that futures prices closer to the delivery 

date reflect better the spot prices. Leuthold finds that from 1 to 3 months prior to maturity the 

null hypotheses that  and  were not rejected, however from 4 to 8 months the 

null hypotheses are rejected. MARTIN and GARCIA (1981) extended LEUTHOLD  (1974) 

work in order to analyze if the price forecast performance of live cattle had changed and 

found that futures prices were an unbiased estimation of cash prices for all months prior to 

maturity, however,  was less than 1 for all contracts with more than 1 month prior to the 

maturity, concluding that live cattle futures prices performed worse as a forecast of the spot in 

the extended sample period than in Leuthold’s work.  

Although LEUTHOLD (1974) and MARTIN and GARCIA (1981) had found that  

live cattle futures prices are biased predictor of spot price, KOLB and GAY (1983) using a 

different methodology and sample period arrived in a different conclusion, since they found 

that live cattle futures prices are a good predictor of the spot price and no evidence of bias in 

the prices were found. 

KOPPENHAVER (1983) created a model to test the weak and semi strong forms of 

efficiency market hypothesis in the live cattle futures market allowing the presence of risk 

premium. For the weak form of efficiency was used a relationship with the actual market 

forecast error, as the dependent variable, being explained by seasonal components, the most 

recent live cattle futures market forecast error, the most recent known price change in fed 

cattle market, the actual spot price change and a proxy for spot market price risk of feeding 
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cattle over the considered time period. The seasonal components and the proxy variable were 

used to capture the presence of a risk premium in the market. With a forecast horizon from 1 

to 6 months to maturity the null hypothesis states that the past spot feed cattle and live cattle 

futures prices are fully reflected in the live cattle futures market. Koppenhaver finds that 3 

and 5 months forecast horizons reject market efficiency hypothesis, while 1, 2, 4 and 6 

months do not reject, and a positive risk premium exists in the market, since the proxy 

variable was significant and positive for all horizons. 

BECK (1994) analyzes the efficiency hypothesis allowing the presence of a constant 

risk premium using cointegration and error-correction techniques. The approach used in this 

work allows the possibility to investigate separately market efficiency and unbiasedness 

hypotheses. Analyzing the futures markets of live cattle, orange juice, hogs, corn, cooper, 

cocoa and soybeans, with 8 and 24 weeks forecast horizons. Beck finds mixed results, since in 

every market at least one regression rejects the efficiency hypothesis, although efficiency is 

not rejected in every forecast horizon for each commodity. In addition, she finds that 

efficiency hypothesis is dependent on the forecast horizon and it is not systematically rejected 

by any commodity or forecast horizon. For the specific case of live cattle, she finds that both 

8 weeks and 24 weeks forecast horizons have one unity root and they are difference 

stationary. The series are cointegrated and the market efficiency hypothesis is not rejected for 

all series. For unbiasedness 8 weeks and 24 weeks (June and December) contracts reject the 

hypothesis of unbiasedness while the other live cattle contracts do not reject. Her conclusion 

is that error correction model (ECM) rejects unbiasedness when other models fail to reject it 

and efficiency plays a major role when testing unbiasedness in futures market. 

MORAES et al. (2009) investigate the efficiency hypothesis in the Brazilian live cattle 

futures market using cointegration techniques. With a daily sample of spot and futures prices 

in levels from BM&FBOVESPA throughout the period of September 2000 to June 2004 they 

found that the live cattle futures prices have one unit root and are cointegrated. Using ECM to 

assess the efficiency hypothesis they arrive in the conclusion that the Brazilian live cattle 

futures market is an efficient market. 

3. Methodology 

The tests employed in this work follows BECK (1994), which applies (ECM) to assess 

the hypotheses that futures price is an unbiased estimator of the spot price and market is 
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efficiency, allowing the presence of a constant risk premium in the Brazilian live cattle futures 

market. 

In order to investigate the hypotheses of unbiasedness and efficiency applying 

cointegration techniques some steps must be follow. First the series of futures prices and spot 

prices must be integrated in the same order, they must have the same number of unity roots, 

second, the series should be difference stationary, which is a required property for 

cointegration (BECK, 1994 and McKENZIE and HOLT, 2002) and third they must be 

cointegrated, since they should present a long run relationship. If the series are integrated in 

the same order, difference stationary and cointegrated, ECM can be applied. 

Dickey-Pantula test will be used to assess the order of integration of each series. This 

test was chosen because it does not have the assumption of at most one unit root, leading to a 

more precise conclusion DICKEY and PANTULA (1987). 

The test is described for three unit roots using ordinary last squares (OLS) estimation 

in the follow way. Consider the equation: 

 

                                                              (2) 

 

Where , ,  and  is 

IDD with mean zero and variance equals 1.  establishes the number of differentiations, for 

instance n=3, ( ), indicates that  was differentiated three times. 

The hypotheses are tested in a downward sequential order regarding the number of 

unit roots in the series . The t statistic from the new added parameter, or  must be 

compared with  and  tabulated in FULLER (1976) and DICKEY BELL and MILLER 

(1986) in order to test the significance of the null hypothesis. Observe that should be used if 

the model tested has no intercept and  if the model has an intercept. 

The sequential procedure was described by DICKEY and PANTULA (1987) using 

regressions in the follow 3 steps: 

Step 1. Testing for exactly three unit roots: =0. 

,  is the constant. If   reject the hypothesis 

of 3 unit roots and go to step 2 

Step 2: Testing for exactly two unit roots: , 
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. If   reject the hypothesis of 2 

unit roots and go to step 3. 

Step 3: Testing for exactly one unit root , against , for 

zero unit roots or a stationary series. 

. If   reject the 

hypothesis of 1 unit roots and do not reject the hypothesis of no unit roots in the series  

In order to test for difference or trend stationarity and cointegration will be used the 

Augmented Dickey-Fuller (ADF). The ADF described in the equation (3), assumes that the 

series  has a drift and trend plus lagged differences. 

 

,  where                    (3) 

 

The optimal number of lags will be selected using the Akaike information criterion 

(AIC) and the maximum number of lags (m) added in the initial model will be determined 

using the criterion suggested by SCHWERT (1989): 

, where T is the sample size.  

The null hypothesis used to test difference stationarity against trend stationarity is 

, which means that the model has a unity root with possible drift against 

the alternative hypothesis that model from equation 3 is correct and the series is trend 

stationary. To assess this hypothesis it will be used the procedure suggested by DICKEY and 

FULLER  (1981) which consists in performing an F test in both models, restricted (the model 

with the restriction: ) and unrestricted (equation 3). The F statistic calculated 

will be compared against table 1, presented by DICKEY BELL and MILLER (1986). 

The definition of cointegration is that if two series are integrated in the same order 

there exists a vector, called co-integrating vector, which is different from zero, that cancels 

out the long run components making the series do not move too far apart from each other, 

therefore the linear combination of these series is stationary (ENGLE and GRANGER, 1987). 

Cointegration is a very important characteristic of futures and spot prices when 

analyzing efficiency hypothesis, since it is a necessary condition for efficiency given that the 

factors that determine the spot price also determine the future price (BECK, 1994 and 

McKENZIE and HOLT, 2002). Both series diverge in the short run, however, in the long run 
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these factors will bring them together and they will not move too far from each other. Assume 

equation 1, the linear combination between  and  can be written as showed bellow: 

 

                                                                                             (4) 

 

If  and  are integrated in the same order, the co-integrating vectors  and  

will make these two series not diverge from each other and  must be stationary for  

and  to be cointegrated (McKENZIE and HOLT, 2002). 

To test for cointegration between the series it is performed residual based test that uses 

an auxiliary regression, equation 1, to assess the error. It is performed a Dickey-Fuller (DF) or 

ADF test, as described above, to investigate if the residuals are stationary. In the case that 

both series present one unit root, it will be performed DF test instead of ADF since ENGLE  

and GRANGER (1987) found that ADF has lower power for systems with one unity root. For 

a system with more than one unity root ADF will be performed.   

The null hypothesis in this test is no cointegration. It is derived from the null 

hypothesis of ADF test, that there is one unit root in the series. The statistic calculated in the 

ADF test must be compared against the critical values presented in the tables in PHILLIPS  

and OULIARIS (1990), page 190. Observe that the test will also be performed reversing the 

variables, since cointegration techniques do not specify which variable should be the 

dependent variable (BECK, 1994). 

If the series are cointegrated it is possible to employ the ECM and analyze the 

hypotheses of market efficiency and unbiasedness. The ECM used in this work was first 

introduced by GRANGER (1986) and used to assess the efficiency market hypothesis in Beck 

(1994), HAKKION and RUSH (1989), McKENZIE et al. (2002) and MORAES et al. (2009). 

Transforming the cointegrated series in an error correction form, as described in the equation 

5 is possible to use the standard hypothesis tests, since with the transformation the series 

become stationary (McKENZIE and HOLT, 2002). 

 

                         (5) 

 

Where,  

 

                                                                                                  (6) 
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In Equation 5,  is the difference of the spot price at ,  is a constant,  is 

the correction term in period , obtained from the residuals of equation 1,  is the difference 

is the spot prices at ,  and  are the lagged differences of spot and future prices 

and  is the stationary white noise residuals.  

This equation states that changes in the spot prices at t+1 are generated by changes in 

the current futures and spot prices, as well as, in previous periods. Without any restrictions 

this equations show that the information is spread between time and prices. 

Market efficiency hypotheses imply that current future prices must reflect all the 

information available, ruling out the influence of the previous spot and futures prices, 

therefore some restrictions must be added in equation (5) to test these hypotheses. 

In order to test for market efficiency, BECK (1994) added the following restrictions: 

,  and . These restrictions say that the current future prices in 

differences (coefficient b) is different from zero, since it reflects all the information available 

and current spot price and the lagged terms (coefficients  and ) are zero because all  

information is already reflected by current futures prices in differences. 

To clarify the restriction presented above, observe equation 7 which is calculated by 

substituting equation 6 in 5. 

 

                                                     (7) 

 

If the restrictions hold, current spot price reflects all information available and the 

market is efficient, however if the restriction does not hold, past spot and future prices will 

have information that is not reflected in the current future price and this information could be 

used to predict , therefore futures market is inefficient (BECK, 1994). Also observe that 

there is no restrictions for  and , allowing the presence of a risk premium. 

In order to test for unbiasedness the restrictions proposed by BECK (1994) are: , 

 and . These restrictions imply that the current spot price in differences 

reflects all the information and consequently current spot price in differences and lagged 

terms are zero.  

Using error correction model described in equation 5, this work uses from zero to six 

lags for  and  following KOPPENHAVER (1983), BECK (1994), MAcKENZIE at al. 
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(2002) and MAcKENZIE and HOLT (2002). The lags with significant coefficient are retained 

as proposed by ENGLE and GRANGER (1997). Wald test is applied to investigate if live 

cattle futures market is efficient and if future prices are unbiased predictors of spot prices 

following BECK (1994).  

The restrictions used in BECK (1994) and in this work for testing market efficiency 

are: : ,  and . Observe that parameter  comes from the 

estimation of equation 6 in the following way . The hypothesis for 

testing unbiasedness is: : ,  and . 

 

4. Data 

 

This section describes the process that the samples were generated to ensure equally 

spaced observations and to avoid overlapping observation intervals. Data from live cattle 

futures prices were obtained from BM&FBOVESPA from March 2001 to March 2012, the 

prices are daily settlements, quoted in Brazilian Reais (BRL) and the contract is offered 12 

months per year. The forecast horizons are from 1 to 6 months and these periods were chosen 

because as far away from maturity, higher the possibility of the price presents a risk premium 

BECK (1993) and the rejection of efficiency hypothesis is dependent on the forecast horizon, 

GARCIA et al. (1988) and BECK (1994). 

The spot price ( ) is the future settlement price at the contract expiration day. This 

price was chosen to avoid any grade and location bias and the future price (  is the 

settlement price in the first day after the last contract expires, given the forecast horizon 

analyzed. 

To avoid overlapping observational interval, which introduces residual correlation, the 

futures price chosen must have a forecast horizon less than or equal the observation frequency 

for the futures contracts (BECK, 1994, NEWBOLD et al., 1999b and McKENZIE and HOLT, 

2002). 

For instance, for a monthly contract with forecast horizon of 1 month, futures prices 

must be sampled equal or less than one month before the expiration date of this specific 

contract, in other words, in the delivery month. If the future price sampled is bigger than one 

month this price reflects information that is also reflected in another futures price in the 

sample, creating autocorrelation problems. Autocorrelation could create the appearance of 

inefficiency even in an efficient market (NEWBOLT et al., 1999a).  
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This sampling process reduces the number of observation as the forecast horizon 

increases, since futures prices can not overlap each other. Table 1 bellow presents a summary 

of the series used in this work with the forecast horizons, months and the number of 

observations. Observe that series with 4, 5 and 6 months forecast horizon were created to 

analyze the October contract since it is the contract with largest number of negotiations and 

open interest. 

Table 1: Data description 

Commodity Forecast Horizon Contracts Sample Size 

Live Cattle 1 Month All 133 

Live Cattle 2 Months (Even) Even Months 66 

Live Cattle 2 Months (Odd) Odd Months 67 

Live Cattle 3 Months (1, 4, 7 and 10) JAN, APR, JUL and OCT 44 

Live Cattle 3 Months (2, 5, 8 and 11) FEB, MAY, AUG and NOV 44 

Live Cattle 3 Months (3, 6, 9 and 12) MAR, JUN, SEP and DEC 45 

Live Cattle 4 Months (2, 6 and 10) February, June and October 33 

Live Cattle 5 Months (4 and 10) April and October 22 

Live Cattle 6 Months (4 and 10) April and October 22 

Source: Research data. 

 

5. Results 

 

In order to estimate the ECM and assess the efficiency market hypothesis the samples 

must first be tested for unit root order, difference stationarity and cointegration, as described 

in the methodology. 

Table 2 presents the results of Dickey Pantula test with the calculated statistic , 

 and  and the number of observations (N). Most of the series presented the same 

number of unity roots, the exception are the future prices series with 5 and 6 months horizon, 

which did not reject the null hypothesis of 2 unity roots.   
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Table 2: Dickey and Pantula test 

Commodity 

Price 

Series Contracts Pooled Forecast Horizon 
   

N 

Live Cattle Spot All 0 -18.12* -7.66* -1.02 130 

Live Cattle Futures All 1 Month -20.96* -8.87* -0.90 130 

Live Cattle Spot Even Months 0 -12.30* -5.13* -1.05 63 

Live Cattle Futures Even Months 2 Months -12.92* -5.51* -0.82 63 

Live Cattle Spot Odd Months 0 -15.03* -4.96* -1.07 64 

Live Cattle Futures Odd Months 2 Months -14.76* -5.72* -0.90 64 

Live Cattle Spot 1,4,7 and 10 0 -11.36* -4.24* -0.68 41 

Live Cattle Futures 1, 4, 7 and 10 3 Months -8.54* -5.64* -0.25 41 

Live Cattle Spot 2, 5, 8 and 11 0 -8.23* -4.84* -0.75 41 

Live Cattle Futures 2, 5, 8 and 11 3 Months -9.78* -5.40* -0.62 41 

Live Cattle Spot 3, 6, 9 and 12 0 -9.43* -4.75* -0.85 42 

Live Cattle Futures 3, 6, 9 and 12 3 Months -9.66* -5.59* -0.54 42 

Live Cattle Spot 2, 6 and 10 0 -7.96* -4.52* -0.82 30 

Live Cattle Futures 2, 6 and 10 4 Months -8.51* -5.21* -0.29 30 

Live Cattle Spot 4 and 10 0 -7.47* -3.64* -0.26 19 

Live Cattle Futures 4 and 10 5 Months -11.98* -2.40 -0.91 19 

Live Cattle Spot 4 and 10 0 -7.99* -3.63* -0.27 19 

Live Cattle Futures 4 and 10 6 Months -8.23* -2.31 -0.42 19 

Source: Results of the research. * The null hypothesis was rejected at 95% confidence level. The tabulated 

values on Fuller (1976) and Dickey Bell and Miller (1986) are: = -3,  = -2.93 and 

= -2.89. 

 

The series of spot and futures prices with 1, 2, 3 and 4 months horizon as well as the 

series of spot prices with 5 and 6 months horizon did not reject the hypothesis of 1 unity root. 

For cointegration both series must have the same number of unity roots so the series of spot 

and future prices with 5 and 6 months cannot be considered for analysis in further steps. 

Furthermore, futures prices series with 5 and 6 horizons do not match the necessary 

specifications rejecting the market efficiency hypothesis.  

In order to analyze if the series are difference stationary consider table 3 that shows 

the results for the calculated  statistic, the number of lags used in the test and the number 

of observations. 
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Table 3: Test of difference stationarity  

Commodity  Price Series  Contracts Pooled Forecast Horizon  
 

Lags N 

Live Cattle  Spot  All 0 2.0868* 0 132 

Live Cattle  Futures  All 1 Month  3.3362* 0 132 

Live Cattle  Spot  Even Months 0 2.2062* 0 65 

Live Cattle  Futures  Even Months 2 Months 2.4461* 0 65 

Live Cattle  Spot  Odd Months 0 2.4924* 0 66 

Live Cattle  Futures  Odd Months 2 Months 4.7144* 6 66 

Live Cattle  Spot  1,4,7 and 10 0 2.4901* 0 43 

Live Cattle  Futures  1, 4, 7 and 10 3 Months 1.0239* 6 43 

Live Cattle  Spot  2, 5, 8 and 11  0 4.2134* 3 43 

Live Cattle  Futures  2, 5, 8 and 11  3 Months  4.0582* 4 43 

Live Cattle  Spot  3, 6, 9 and 12 0 2.5171* 0 44 

Live Cattle  Futures  3, 6, 9 and 12 3 Months  4.1068* 4 44 

Live Cattle  Spot  2, 6 and 10 0 3.0427* 0 32 

Live Cattle  Futures  2, 6 and 10 4 Months 3.3669* 3 32 

Source: Results of the research. *The null hypothesis, , was not rejected at 95% 

confidence level for all price series. The tabulated values on Dickey and Fuller (1981) for  at 95% confidence 

level for n= 25, 50 and 100 are respectively 7.24, 7.73 and 6.49. 

 

As showed in the table 3, all series do not reject the null hypothesis of difference 

stationary and can be tested for cointegration.  

Table 4 shows the results of cointegration test. Dickey Fuller test (DF) was used to 

assess if the residuals of each regression were stationary. It was also tested the form of DF for 

each regression. DF test with drift and trend was tested against the standard DF test and for all 

regression the DF test with drift and trend were not rejected.  

The hypothesis of no cointegration was rejected at 95% confidence level for all series 

in both equations showing that the series do not diverge from each other and market 

efficiency hypothesis cannot be rejected.  
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Table 4: Cointegration tests 

Commodity  Contracts Pooled Forecast Horizon DF* N 

 

Live Cattle  All 1 Month -11.161 132 

Live Cattle  Even Months 2 Months -6.096 65 

Live Cattle  Odd Months 2 Months -6.055 66 

Live Cattle  1,4,7 and 10 3 Months -4.446 43 

Live Cattle  2, 5, 8 and 11  3 Months -4.563 43 

Live Cattle  3, 6, 9 and 12 3 Months -4.966 44 

Live Cattle  2, 6 and 10 4 Months -4.298 32 

 

Live Cattle  All 1 Month -11.251 132 

Live Cattle  Even Months 2 Months -6.096 65 

Live Cattle  Odd Months 2 Months -6.126 66 

Live Cattle  1,4,7 and 10 3 Months -4.434 43 

Live Cattle  2, 5, 8 and 11  3 Months -4.613 43 

Live Cattle  3, 6, 9 and 12 3 Months -4.999 44 

Live Cattle  2, 6 and 10 4 Months -4.297 32 

Source: Results of the research. The null hypothesis of no cointegration was rejected at 95% confidence level for 

all regressions. The tabulated critical value for ADF statistics at 95% with n=2 in Philips and OULIARIS (1990), 

table IIc, is -4.1567. 

 

In all regressions above DF test has a drift and trend. DF with drift and trend was 

tested against the standard DF test and for all regressions the more complete form was not 

rejected at 95%. For this test was used the methodology described by DICKEY and FULLER 

(1981) and the critical values for . 

As showed in table 4, all the live cattle series are cointegrated and the error correction 

model can be used to test the efficient market hypothesis and unbiased future price 

hypothesis. Table 5 brings the live cattle ECM estimation results for each forecast horizon. 
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Table 5: Estimated error correction model 

Commodity  Contracts Estimated Model R
2
 

        

Live Cattle  All St+1=0.16 -0.54ut + 0.59 Ft  0,20 

  

            (0.67)   (-4)       (5.55) 

 

    Live Cattle  Even Months St+1=0.52 -0.49ut + 0.79 Ft -0.30 Ft-6 0,27 

  

         (0.93)  (-2.32)     (3.89)       (-2.58) 

 

    Live Cattle  Odd Months St+1=0.60 -0.43ut + 0.70 Ft -0.32 Ft-6 0,27 

  

         (1.04)  (-2.75)     (4.48)       (-2.37) 

 

    Live Cattle  1,4,7 and 10 St+1=0.26 -0.43ut + 0.75 Ft  0,22 

  

            (0.30) (-1.91)           (3.21) 

 

    Live Cattle  2, 5, 8 and 11  St+1=0.65 -0.24ut + 0.46 Ft  0,16 

  

            (0.77) (-1.30)           (2.65) 

 

    Live Cattle  3, 6, 7 and 12 St+1=0.64 -0.30ut + 0.47 Ft  0,09 

  

            (0.72) (-1.24)        (1.89) 

 

    Live Cattle  2, 6 and 10 St+1=0.71 -0.42ut + 0.57 Ft 0,10 

             (0.49)  (-1.39)     (1.81)    

Source: Results of the research. The Numbers in parentheses are t-statistics. 

 

Table 5 shows the estimated ECM equations and their respective R
2
. The R

2
 values are 

close from the results found by Beck (1994) and t statistics for Ft seems to lose significance 

as the forecast horizon increases. The values of the coefficients of   for 1 month horizon, 2 

months horizon, even and odd series, are statistically significant different from zero at 95% 

confidence interval, for 3 months horizon contracts (1, 4, 7 and 10) it is statistically 

significant different from zero at 94% confidence interval, which is consistent with the result 

presented in table 4 that spot and future prices are cointegrated. However the coefficients of  

 for 3 months horizon contracts (2, 5, 8 and 11) and (3, 6, 9 and 12) as well as the 4 months 

horizon with the contracts (2, 6 and 10) are not statistically significant different from zero at 

95% confidence level. 

Table 6 shows the results for: Durbin-Watson test (DW) for autocorrelation; White 

test for heteroskesdasticity; ARCH LM test for autoregressive conditional heteroskesdasticity; 
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Wald test for market efficiency hypothesis (Wald 1); and Wald test for unbiasedness (Wald 

2).      

  

Table 6: Tests  

Commodity  Contracts DW White ARCH LM Wald 1 Wald 2 

              

Live Cattle  All 2,04 1,04 2,45 15,36* 14,72** 

       Live Cattle  Even Months 2,03 14,74 5,02 15,95* 16,18** 

       Live Cattle  Odd Months 2,21 20,25 1,14 20,15* 19,55** 

       Live Cattle  1,4,7 and 10 2,13 2,08 0,79 7,67* 7,85** 

       Live Cattle  2, 5, 8 and 11  1,92 6,58 6,60 15,59* 15,56** 

       Live Cattle  3, 6, 7 and 12 1,95 9,52 4,57 6,08* 8,18** 

       Live Cattle  2, 6 and 10 1,93 6,44 0,25 3,66 3,62 

       Source: Results of the research. Wald 1 is the Efficiency test, where H0: ,  and  

and Wald 2 is the unbiasedness test, where H0: ,  and .  

* The null hypothesis of efficiency was rejected at 95% confidence level. 

** The null hypothesis of unbiasedness was rejected at 95% confidence level 

  

All regressions reject the presence of autocorrelation as can be seen by the DW 

statistic fairly close to 2. White test with cross terms was used to investigate 

heteroskesdasticity in the regressions and only the 2 months forecast horizon with odd month 

contracts presented heteroskesdasticity in the residuals, so for this series the t values and Wald 

statistics were calculated with heteroskesdasticity-consistent standard errors. ARCH LM test 

with 5 lags was calculated, since as stated by BECK (1994) the presence of an ARCH process 

in the residuals imply in the rejection of market efficiency hypothesis and for all series the 

residuals do not present autoregressive conditional heteroskesdasticity. 

 Wald statistic does not reject the efficiency and unbiasedness hypothesis only for 4 

months forecast horizon contracts (2, 6 and 10) and rejects the hypothesis for all other 

contracts in the sample, at 95% confidence level. Assuming a 99% confidence level the 3 
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months horizon (1, 4, 7 and 10) and (3, 6, 9 and 12) and the 4 months horizon do not reject 

the null hypothesis of market efficiency and unbiasedness. 

 

6. Conclusion 

 

The goal of this paper was to analyze the efficiency market hypothesis and the 

hypothesis that futures prices are unbiased predictors of spot prices using cointegration 

techniques in the live cattle futures contracts of BM&FBOVESPA in a variety of forecast 

horizons. 

In order to accomplish this goal were created samples from 1 to 6 months forecast 

horizons equally spaced, avoiding overlapping observation intervals, and tests of order of unit 

root, difference stationarity and cointegration were performed, since they are required 

characteristics of the series to estimate error correction model. Following BECK (1994) 

efficiency and unbiasedness hypotheses were tested. 

The results show series with 5 and 6 forecast horizons rejected the efficiency market 

hypothesis, since spot prices and futures prices presented different order of unity roots. All 

other series presented 1 unity root. The difference stationary hypothesis was not rejected and 

the series are cointegrated. Performing ECM it was found that only 4 months forecast horizon 

is efficient and unbiased at 95% confidence level, however the coefficient of  is not 

significant contradicting the finds on table 4, that both series are cointegrated. Assuming a 

confidence interval of 99%, 3 months forecast horizon with contracts (1, 4, 7 and 10) and (3, 

6, 9 and 12) and the 4 months horizon are efficient and unbiased. 

In conclusion, this work found that the live cattle futures market rejects the hypothesis 

of efficiency and unbiasedness for 1 month forecast horizon, 2 months forecast horizon, 

contracts with odd months and even months, 3 months forecast horizon with contracts months 

(1, 4, 7, and 10), (2, 5, 8 and 11) and (3, 6, 9 and 12), 5 and 6 months forecast horizons with 

contracts (4 and 10). Only 4 months forecast horizon with contracts (2, 6 and 10) did not 

reject efficiency and unbiasedness using 95% confidence level. 

 These findings suggest that futures prices in the Brazilian live cattle futures market 

are not incorporating all the available information. In this situation, futures prices misguide 

forward pricing and feed cattle decision. Future research should be done in order to explain 

why the information is not fully reflected, for instance, analyze if the market has excessive 
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speculation or a small number of hedges, furthermore, it should be investigated if the sampled 

period has any influence in the hypotheses of efficiency and unbiasedness for this market. 
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