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ABSTRACT 

The main purpose of risk management is to reduce the cash-flows fluctuations of a 

company. In order to properly manage risks, the estimation of the optimal hedging ratio is 

needed. This paper analyzes the evolution of the optimal hedge ratio and hedging 

effectiveness for the Brent crude oil. Also, the relationship between the estimation period 

and hedge ratio, respective hedging effectiveness is studied. The results show that if the 

estimation period is increased, the mean and median of the hedge ratio decrease, 

converging to 1. Also, for longer estimation periods, the volatility of the optimal hedge 

ratio tends to decrease. It is found a positive relationship between the estimation period 

and the hedging effectiveness, with important implications on risk management strategies. 
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INTRODUCTION 
 

In the current economic conditions, we can observe that the oil market has continually 

expanded and turned into a complex financial market and the biggest commodity market in 

the world. The main risk encountered in the crude oil commodity market refers to the 

decrease of crude oil production, the unpredictable changes in the global oil demand, the 

global economic crises risks, the petroleum reserve policy and geopolitical risks. 

This paper is focused on the analysis of the evolution of the optimal hedge ratio and 

hedging effectiveness for the Brent crude oil. Also, the relation between the estimation 

period and hedge ratio, respective hedging effectiveness is studied. The paper and it is 

organized as follows: the first section presents the main findings from the existing 

literature. Section 2 presents the methodology and the database. The third section presents 

the results, while in the last section the conclusions are given. 

 

1. LITERATURE REVIEW 
 

In the literature, some authors made extensive research on the volatility of crude spot, 

forward and futures returns using different methodologies: the constant conditional 

correlation model, the dynamic conditional correlation model, the vector autoregressive 

moving average and linear diagonal VEC model (Haigh & Holt, 2002; Lanza et al., 2006; 

Manera et al., 2006). Also, numerous studies found that markets are efficient and price 

evolution is unpredictable. For example, Boboc and Dinică (2013), using a genetic 

algorithm, found that the EUR/USD market is efficient and one can not find an optimal 

trading strategy based on past data. 
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Carter et al. (2006a, 2006b) analyzed the price behavior of a wide range of oil commodities 

and found out that not only the prices are highly volatile, but also the levels of volatility 

themselves are extremely variable. 

 

There are some studies which analyze the correlation of the prices of the various products 

obtained in refining process of crude oil such as: the evolution of heating oil prices versus 

kerosene prices (Carter et al., 2004; Gjolberg & Johnson, 1999). 

 

More recent studies are focused on the optimal cross hedging methods (Bertus et al., 2009; 

Nascimento & Powell, 2008). For exemple, Bertus et al. (2009) states that the optimal cross 

hedging instrument is based on crude oil. By contrast, other studies found that the usage of 

crude oil as a cross hedge is not optimal for time prospects of three months or less (Adams 

& Gerner, 2012). The authors state that for short hedging horizons, gasoil forwards 

contracts represent the highest cross hedging efficiency for jet-fuel spot price exposure, 

while for periods of more than three months, the uppermost cross hedging efficiency is 

represented by WTI and Brent.  

 

Concerning the estimation of the optimal hedge ratio, in a significant number of studies 

different techniques were examined, such as: ordinary least squares regression (Ederington, 

1979), error-correction model (Chou et al., 1996), autoregressive distributed lag model 

(Chen et al., 2004), GARCH models (Lien et al., 2002; Lee & Yoder, 2007; Power et al., 

2013). Furthermore, certain studies focused on examining the hedging ratio on different 

markets. Armeanu et al. (2013), Dinică (2013a), Balea and Buculescu (2013) and Dowson 

et al. (2000) focused on the optimal hedging ratio (OHR) for agricultural markets, Dinică 

(2013b) estimated the OHR for the metals traded at London Metals Exchange using 

different metodologies, while Power et al. (2013) analyzed the corn and live cattle markets. 

Also, Dinică and Armeanu (2013) examined the metals market and found that the OLS 

hedging ratios are constant over different time horizons. 

 

An important study conducted by Daniel (2001) shows that hedging can considerably 

reduce the volatility of oil price without substantially reducing returns. Also, the author 

argues that another advantage associated to hedging would be greater predictability and 

certainty. Balea and Dinică (2013) examined the impact of currency hedging on target 

costing objectives. 

 

Jalali-Naini and Kazemi-Manesh (2006) analyzed the hedging ratios using the weekly spot 

prices of West Texas Intermediate oil and futures prices of crude oil contracts for different 

time horizons from 4 to 16 weeks on NYMEX. 

 

2. METHODOLOGY 
 

In consideration of reducing the risk of spot price fluctuation for a certain underlying asset, 

the hedger has to trade a certain quantity of futures contract. Let us suppose that an 

enterprise has a spot position of SX  units. Also, depending on whether the position is long 

or short, the sign of SX  is positive or negative. For simplifying reasons, we will further 

consider that the initial spot position is long. In order to hedge this position, the company 

can take a contrary position  on a futures contract. The value of the hedge portofolio (H) is 

given by: 
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tFtS FXSXH 
                                             (1) 

Hedging’s purpose is to minimize the variance of the change in value of the hedge 

portfolio, expressed by the following relation:  
 

  
tFtS ΔFXΔSXΔH 
                                      (2) 

 

The hedging ratio is given by the ratio between the quantity traded on the futures market 

and the quantity representing the spot exposure: SF/XXh . Replacing the hedging ratio 

expression in the above equation we can obtain: 
 

  
)( ttS FhSXH 

                                       
(3)

 

 Some researchers (Johnson (1960), Stein (1961) and Ederington (1979)) derive the hedging 

ratio by minimizing the variance of the price change of the hedged portfolio as follows: 
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Consequently, by minimizing the variance of H , one can obtain the optimal hedge ratio: 
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It is considered that the simplest way to estimate the optimal hedge ratio is to run the OLS 

model (Adams and Gerner, 2012), where   is the estimation of 
*

h . 

 

  ttt FS  
                                          

(6) 

The database used is represented by weekly spot and futures prices of Brent crude oil for 

the period 05.11.1997-31.10.2012. Totally, there are 783 weekly price observations. The 

day of the week is Wednesday and in the cases when Wednesday is not a business day, the 

next business day is taken into consideration. The futures price is represented by the nearest 

to maturity contract, while the spot price is represented by the North Sea specification of 

crude oil Brent price.  
 

The optimal hedging ratio is estimated for rolling periods of 1, 2, 3, 5, 7, 10 and 12 years by 

simultaneously augmenting the estimation period with the new data and dropping the first 

data. The evolution in time of the optimal hedge ratios and their corresponding coefficients 

of determination is analyzed.  
  

3. RESULTS  
 

The first step of the analysis consists in the examination of the evolution of the spot and 

futures prices during the period. It can be observed that the spot and futures prices are 

strongly correlated for Brent. Also, the volatility is high, especially in the second half of the 

sample. 



Erica Cristina BALEA 

 
184 

0

20

40

60

80

100

120

140

160

100 200 300 400 500 600 700

SPOT FUTURES  
Figure 1. Spot and futures price evolution for Brent 

Source: Own calculations using Eviews 4.1 
 

The augmented Dickey-Fuller test shows that both spot and futures prices are unit root 

process and therefore are non-stationary. The usage of non-stationary series may lead to 

spurious regressions and invalidate in this way the estimation of the optimal hedge ratio 

(Cotter & Hanly, 2006). However, the first differences series are stationary and the OLS 

regression can be estimated on them. 
 

Table 1. ADF unit root test 
 

Brent crude oil t stat p value 

Spot 
Level -0.8448 0.8053 
First Difference -28.9275 0.0000 

Futures 
Level -0.7821 0.8231 
First Difference -28.1012 0.0000 

Critical values: 1%: -3.438; 5%: -2.865; 10%: -2.568 
Source: Own calculations using Eviews 4.1 

 

In the Table 2 are synthesized the descriptive statistics of the optimal hedge ratio estimated 

using different rolling estimation periods. It can be observed that if the estimation period is 

increased, the mean and median of the hedge ratio decrease, converging to 1. Also, for 

longer estimation periods, the volatility of the optimal hedge ratio tends to decrease (the 

standard deviation decreases, as well as the difference between the maximum and the 

minimum value). 
 

Table 2. Optimal hedge ratio statistics 
 

Estimation period 1Y 2Y 3Y 5Y 7Y 10Y 12Y 

No. obs in the period 52 104 156 260 364 520 624 

Mean 1.0541 1.0542 1.0584 1.0473 1.0314 1.0212 1.0166 

Median 1.0342 1.0280 1.0176 1.0124 1.0223 1.0187 1.0178 

Max 1.3565 1.2459 1.2177 1.1677 1.1303 1.0454 1.0242 

Min 0.9115 0.9515 0.9643 0.9978 0.9998 1.0039 1.0100 

St dev 0.0961 0.0817 0.0788 0.0578 0.0315 0.0127 0.0035 

No. of hedge ratios 731 679 627 523 419 263 159 
Source: Own calculations using Eviews 4.1 
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Figure 2 illustrates the evolution of the optimal hedge ratio. One can observe that the 

optimal hedge ratio decreased over the sample period, as well as its volatility. Also, the 

optimal hedge ratios estimated using smaller estimation periods exhibit the greatest 

volatility. 
 

 
 

Figure 2. Evolution of the optimal hedge ratio 
Source: Own calculations  

 

In the Table 3 are synthesized the descriptive statistics of the hedging effectiveness 

measured by the coefficient of determination of the OLS regression using different rolling 

estimation periods. It can be observed that if the estimation period is increased, the mean 

and median of the hedging effectiveness increase as well. For longer estimation periods, the 

hedging effectiveness exhibits a lower volatility (the standard deviation decreases, as well 

as the difference between the maximum and the minimum value). 

 

Table 3. Hedging effectiveness statistics 
 

Estimation period 1Y 2Y 3Y 5Y 7Y 10Y 12Y 

No. obs in the period 52 104 156 260 364 520 624 

Mean 0.8379 0.8433 0.8503 0.8655 0.8804 0.9128 0.9172 

Median 0.8689 0.8767 0.8691 0.8755 0.9372 0.9204 0.9171 

Max 0.9843 0.9744 0.9668 0.9573 0.9483 0.9384 0.9262 

Min 0.5176 0.6029 0.6176 0.7023 0.7339 0.8164 0.9117 

St dev 0.1122 0.1055 0.0990 0.0887 0.0734 0.0306 0.0031 

No. of hedge ratios 731 679 627 523 419 263 159 
Source: Own calculations using Eviews 4.1 

 

Figure 3 illustrates the evolution of the hedging effectiveness. The tendency of the hedging 

effectiveness to increase with the estimation period is obvious. Also, the hedging 

effectiveness for the optimal hedge ratios estimated using smaller estimation periods exhibit 

the greatest volatility. 
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Figure 3. Evolution of the hedging effectiveness 
Source: Own calculations  

 

CONCLUSIONS 
 

In the current economic conditions, it can be observed that the oil market has continually 

expanded and turned into a complex financial market and the biggest commodity market in 

the world. The main risk encountered in the crude oil commodity market refers to the 

decrease of crude oil production, the unpredictable changes in the global oil demand, the 

global economic crises risks, the petroleum reserve policy and geopolitical risks. 

 

I estimated the optimal hedging ratio of the Brent crude oil using rolling periods of 1, 2, 3, 

5, 7, 10 and 12 years by simultaneously augmenting the estimation period with the new data 

and dropping the first data. The evolution in time of the optimal hedge ratios and their 

corresponding coefficients of determination is analyzed. 

 

The results show that if the estimation period is increased, the mean and median of the 

hedge ratio decrease, converging to 1. Also, for longer estimation periods, the volatility of 

the optimal hedge ratio tends to decrease. Also, I find a positive relation between the 

estimation period and the hedging effectiveness.  

 

The analysis of the evolution of the optimal hedge ratio and hedging effectiveness shows 

that in the last years the volatility of the hedge ratio and hedging effectiveness decreased 

and the hedging effectiveness increased. This result shows that for a proper estimation of 

the optimal hedge ratio, there should be used a more actual dataset instead of a longer 

period. 
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