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Abstract 

In order to avoid the risk of fluctuations in prices, commodity production operators develop future hedge, in 

which the evaluation of optimal hedge ratios are the core question. On the other hand, since gold plays an 

increasingly important role in Chinese economic activities, gold hedge becomes a hot topic. We employ gold 

future prices and spot gold prices in China market in which the time period covered was from January 2014 to 

June 2015 and calculate the optimal hedge ratios using different static and dynamic models. The static hedge 

model mainly use Ordinary Least Squares Regression (OLS), Error Correction Model (ECM) and Vector Error 

Correction Model (VECM) model. In addition, the dynamic hedge model mainly use bivariate GARCH model 

(BGARCH model). The results show that the efficiency of hedge of ECM-GARCH model is the best over the 

sample period. 
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1. Introduction 

Keynes&Hicks, who came up with the idea hedge, thought that hedge is to establish position in the future market, 

so as to avoid the risk. This positon is supposed to be in the opposite direction with the spot market. For the 

method of calculating hedge ratio accurately, researchers had done dozens of studies. Working (1953) challenged 

the view of hedgers as pure risk minimizers, and devoted himself to expected profit maximization. Johnson 

(1960) and Stein (1961) integrated the risk avoidance theory of Working. They indicated that one buys or sells 

futures for the same risk-return reasons that one buys any other security. At present, the research of hedge is 

mainly divided into two aspects, static methods and dynamic methods. 

The static methods assumed that optimal hedge ratio would not fluctuate as time changing. Ederington (1979) 

proposed the core of hedge is to minimize the variance of asset portfolios, thereby it is reasonable applying OLS 

method to compute hedge ratio. OLS regression model assumed that distributions of futures and spots prices 

were irrelevant to time. Chou, Fan and Lee (1996) proposed the error correction model which can estimate the 

optimal hedge ratios, using two step estimated. Error correction model (ECM) has a better effect in the study of 

nonstationary time series and co-integration relationship of series. Baillie and Myers (1991) proposed BGARCH 

model, they used BGARCH model to estimate the optimal hedging ratios in American agricultural products 

futures. Two dimensions of GARCH (BGARCH) model had made up a defect that GARCH model can not 

reflect the sequence of the covariance in the study.  

Time series of future and spot price have some specific features, leading to inadaptation to some hypothesis in 

static methods above, for example, serial auto-correlation, conditional heteroscedasticity, nonstationary time 

series. Therefore, dynamic methods, taking these problems into account, were proposed. Baillie and Myers (1991) 

proposed BGARCH model, they used BGARCH model to estimate the optimal hedge ratios in American 

agricultural products futures. Two dimensions of GARCH (BGARCH) model has made up a defect that GARCH 

model can not reflect the sequence of the covariance in the study. Kroner and Sultan (1993) combined 

co-integration relationship and time-varying variance, constructed ECM-GAECH model. He applied his model 

to estimate optimal hedge ratios of some major currencies in the world, including Pound and Canadian Dollar, 

and got better results. 

In this paper, through combining ECM method and BGARCH model, we launch an empirical analysis of optimal 
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hedge ratio of gold in China market. Besides, OLS model, ECM model, VECM model are also applied to 

estimate optimal hedge ratios for comparing. According to these models, we compare the results and provide the 

optimal hedge ratios that calculate through ECM-BGARCH method.  

2. Methodologies 

2.1 Minimum Variance Hedge 

Ederington (1979) divided the futures hedging strategy into three categories:  

(1) Expected profit maximization theory, namely Working’ s assume that profit maximization strategy; 

(2) Minimum variance or the minimum risk hedge theory; 

(3) The utility maximization of portfolio hedging theory.  

This article discussed and contrasted of the second in hedge practice. 

Assume that the investors use short futures to hedge, the relation of expected return and variance of the portfolio 

by investors as follows(hedge term from moment t-1 to moment t) : 

, ,( ) ( )t S S t F F t FE R X R X R K X                             (1) 

2 2 2 2( ) 2t S S F F S F SFVar R X X X X                              (2) 

where ( )tE R  is the portfolio expected gross income in moment t, 
,F tR  is the futures yields in moment t, 

,S tR  

is the spot yields in moment t, ( )FK X  is transaction cost when buy futures. Spot and futures position are denoted 

by 
SX  and 

FX  respectively. The purpose of investors hedge can be expressed as: 

2 2 2 2

,
( ) 2

S F

t S S F F S F SF
X X
Min Var R X X X X                              (3) 

The optimal hedge ratio is: 
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                                    (4) 

2.2 Ordinary Least Squares Regression (OLS) Model  

Ordinary least squares model is linear regression model. Specifically, in this paper, changes in spot gold price are 

regressed on the changes in gold futures price. The regression that we implied in our paper is: 

ln c lnt t tS h F                                   (5) 

in which ln tS  is spot price variation in day t, ln tF  is future price variation in day t, c  represent constant 

term and 
t  is residual error. h is the coefficient of ln tF , i.e. the optimal hedge ratio. 

2.3 Error Correction Model (ECM)  

Assume that   and y  have long-term relation as follows: 

0 1t t ty                                       (6) 

Infrequently,   and y  are at the equilibrium point. Therefore, the relationship that we observed is short-term 

or disequilibrium. With first order difference, assume that there are (1, 1) order distributed lag model. 

0 1 2 -1 -1+t t t t ty y                                    (7) 

It reveals that y value not only relevant to value   in the period of t but the value of   and y  in the period 

of t-1. Then see the deformation of formula.  

0 1 1 1 1 1 2 -1 -1 +t t-1 t t t t t t-1 ty y y y                                 (8) 

i.e. 
0 1 1 2 -1 -1+ (1 ) +t t t t ty y             （ ）                   (9) 

Further,  
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1 -1 0 1 -1(1 ) +t t t t ty y           （ - - ）                     (11) 

We can find that ' '

-1 0 1 -1t ty   - -  reflects disequilibrium error term in period t-1. And we call (11) one order 

error correction model. Formula (11) can be rewrite as: 

1 +t t ty ecm                                     (12) 

Where =1  , and ecm  represent error correction term. 

The application of ECM model is display as follows. Firstly, because of the co-integration relationship between 

spot price and future price, we have to apply co-integration regression method to formula below: 

+t t tS c hF                                    (13) 

Then estimate error correction model: 

-1 -1
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+ +
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̂ , The OLS estimator of  , is the optimal hedge ratio. 

Chou, Fan, and Lee (1996) modified the error correction model to, 

-i
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In which 
-i 1 1

ˆˆ ˆ= ( )t t tS c hF     is the residual term, i.e. error correction term (ECM). 

Using this method to estimate the optimal hedge ratio, we have to calculate formula (13) and then reserve its 

residual term. After that, through formula (15) we can get the result. 

2.4 Bivariate GARCH Model 

The time-varying hedge ratios are estimated using the following BGARCH models. Bivariate GARCH(p,q) 

model is applied to returns from the cash and futures markets, express as: 

1+ (z )+t t ty                                    (16) 

1 ~ (0, )t tN H                                   (17) 

2

1 1

( ) ( ) ( )
p q

t i t i j t j

i j

vech H C Avech B vech H  

 

                     (18) 

Where ( , )c f

t t ty r r  is a (2X1) vector, 
tH is a (2x2) conditional covariance matrix, 

iA  and 
jB  are (3x3) 

parameter matrices, C is a (3x1) constant parameter vector. Besides, vech is the column-stacking operator that 

stacks the lower triangular portions of a symmetric matrix. 
tZ  is the error correction term (ECM), represents 

the short-run deviations from a long-run relationship between the spot price and the futures price. A significant 

and positive coefficient   indicates that an increase in short-run deviations raises the log difference of spot 

and/or future price. 

By imposing a diagonal restriction on the parameter matrices, each variance and covariance element depends 

only on its own past values and prediction errors. A diagonal vech bivariate GARCH(1,1) conditional variance 

equation is as follows: 

2

11, 1 11 1, 1 11 11, 1( ) ( )t t tH C A B H                              (19) 

2

12, 2 22 1, 1 2, 1 22 12, 1( , ) ( )t t t tH C A B H                             (20) 

2

22 3 33 2, 1 33 22, 1( ) ( )t tH C A B H                              (21) 
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Using the bivariate GARCH model, the time-varying hedge ratio can be expressed as: 

12,

22,

ˆ
ˆ

ˆ
t

t

t

H
h

H


                                 (22) 

in which 
12,

ˆ
tH  is the estimated conditional covariance between the spot and futures returns, 

22,
ˆ

tH  is the 

estimated conditional variance of futures returns. The optimal hedge ratio would be time-varying because of the 

conditional covariance is time-varying. Therefore, this method can be imposed to estimate the dynamic hedge 

ratio.  

3. Empirical Evidence 

3.1 Data 

The market that we analyze is the gold market in China. We employ futures prices obtained from the SHFE 

(Shanghai Futures Exchange) and spot prices sourced from the SGE (Shanghai Gold Exchange) website. The 

time period covered was from January 2014 to June 2015. Besides, single futures contract were discontinuous, 

therefore we design continuous-time data. Then, because of the strong tendency of future gold price and gold 

spot price, we apply logarithm process to the price data so as to weaken the effect of tendency and 

heteroscedasticity. The major software we used in this paper is Eviews 7.0. 

3.2 ADF Test 

It should be noted that only time series are stationary can we analyze it and estimate its future tendency. 

Therefore, before constructing the models, it is necessary to have a stationary test. In this paper we use ADF test 

for unit root, and Table 1 presents the results.  

 

Table 1. Unit root test before and after first order difference 

Variable Level-value test results First order difference test 

 Test pattern ADF value P value Test pattern ADF value P value 

F (C,0，12) -2.183145 0.2180 (C,0，12) -22.0328 0.0000 

S (C,0，12) -2.062133 0.2543 (C,0，12) -22.16215 0.0000 

Notes. Significant at the 5% level.  

 

As which can be seen in the table1, with significance at the 5% level, all variables are nonstationary. However, 

after first order difference, variables show stationary. The result of the unit root test shows that the gold futures 

and spot golds time series are both nonstationary time series, but they are found to be order one. Variables after 

first order difference are denfined as IF and IS respectively. 

3.3 Estimate Based on OLS Model 

Traditional regression model to estimate the hedge ratio is mainly through OLS method. In this case changes in 

spot gold price is regressed on the changes in gold futures price. Using OLS method to estimate optimal hedge 

ratio, results are given in Table 2: 

 

Table 2. Hedge ratio results through OLS method 

 Coefficient T statistic P value 

C -6.02E-04 -0.316615 0.7882 

IF 0.892431 52.09453 0.0000 

 

According to the results, we can find that the regression is significant (P value is equal to 0), thereby the OLS 

method is effective. The results indicate that we are supposed to usea unit of 0.892431 opposite future position to 

hedge 1 unit spot position, i.e. the optimal hedge ratio is 0.892431.  

3.4 Estimate Based on ECM Model 

After first order difference, the series of spot and of future are uniformity-integrated variables, which is the 
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precondition of co-integration test. 

 

Table 3. Hedge ratio results based on ECM method 

 Coefficient T statistic P value 

C 4.66E-05 -0.235217 0.7986 

IF 0.905663 56.312092 0.0000 

 

With a significance level of 5%, the hedge ratio is equal to 0.988 estimating through ECM method. Comparing it 

with the results of OLS method, it preforms better. According to the Table 3, we conclude that the regression is 

significant. The ECM model estimates that for 1 unit spot position, a unit of 0.90 future position is needed for 

hedge. This provides strong evidence that the optimal hedge ratios obtained by using ECM model do a better job 

than OLS model.  

3.5 Interventions or Manipulation Fidelity  

If interventions or experimental manipulations were used, provide evidence on whether they were delivered as 

intended. In basic experimental research, this might be the result of checks on the manipulation. In applied 

research, this might be, for example, records and observations of intervention delivery sessions and attendance 

records. 

3.6 Estimate Based on VECM Model 

Firstly, make quantitative analysis through the co-integration test to research the relationship between the spot 

and future. Through AIC and SC, we determine lag phase is 3. After time series co-integration test (using the 

Johansen Co-integration test), both trace test and maximum eigenvalue test show they are co-integration. 

 

Table 4. Results of co-integration test 

 Maximum eigenvalue Trace test P value 

None co-integration relationship 0.032175 19.82351 0.0107 

At least one integration relationship 0.009902 4.738394 0.0297 

 

According to the results through VECM model, the hedge ratio equals to 0.989322, which is bigger than the 

results from OLS model and ECM model. These results are consistent with previous research. However, the 

hedge ratio is still static, so we have to move on a better dynamic model. 

In order to calculate time-varying hedge ratio, in this part we employ ECM－BGARCH (1, 1) model. Maximum 

likelihood estimate is used, come out with the mean equation, conditional standard volatility and time - varying 

variance. Initially the hedge ratio will be calculated according to time - varying conditional variance and 

conditional covariance. 

First and foremost, ARCH effects are tested (as shown in Table 5). Obviously, according to the table, we reject 

null hypothesis and there are ARCH effects in the case, so we move to the next step to estimate GARCH 

equation. 

 

Table 5. Results of ARCH text 

F-statistic 38.84900 Prob.F(3,472) 0.0000 

Obs*R-squared 94.70985 Prob.Chi-Square(3) 0.0000 

 

As shown in the Figure 3 and Figure 4 below, conditional variance and conditional covariance vary as time 

changing; therefore we can speculate that hedge ratio changing by time as well.  
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Figure 1. Time-varying conditional standard deviation of IF 

 

 

Figure 2. Conditional variance of IF 

 

Time-varying hedge ratio results through ECM-BGARCH(1, 1) are shown in Table 6. According to Table 6, the 

mean of time-varying hedge ratio through ECM-BGARCH model is 0.899703, which between OLS results and 

ECM results. Besides, time-varying hedge ratio has fluctuation according to the standard deviation, maximum 

and minimum. The results are accordance with practical situation. 

 

Table 6. Results of time-varying hedge ratio based on ECM-BGARCH model 

Model Mean of hedge ratio Standard deviation of hedge ratio Maximum of hedge ratio Minimum of hedge ratio 

ECM -BGARCH 0.898901 0.110243 0.616822 1.214479 

 

3.7 Results Comparison and Discussion 

We gather four different hedge ratios estimated by four model all together and draw graph for better 

comparison(as shown in Figure 3). 
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Figure 3. Time-varying hedge ratio comparison of different model 

 

According to Figure 3, the time-varying hedge ratios through ECM-BGARCH model are higher than those from 

the other three model in most cases over the sample period, which is 0.892431, 0.905663, 0.989322 for OLS 

model, ECM model and VECM model respectively. This results indicate that static method underestimate the 

number of needed future contracts. In other words, dynamic ECM-BGARCH model enjoys more efficiency in 

avoiding spot risk than static method and can provide better practical reference.  

Various models of optimal hedge ratio results are shown in Table 7. 

 

Table 7. Results comparison under different model 

Method Mean Variance Hedge ratio 

No hedge -0.000124 0.001905 0 

OLS 1.78E-06 0.000765 0.892431 

ECM 1.37E-06 0.000763 0.905663 

VECM 1.44E-06 0.000761 0.989322 

ECM-BGARCH -1.10E-05 0.000743 0.898901 

 

Observing comparison of different models in the sample period can be seen as follows: 

(1) Employing model, regardless of whether static method or dynamic model, are better than no hedge ones. 

(2) From the table presented the risk(represented by Variance) is minimum when using ECM-BGARCH model, 

appearing that the efficiency of ECM-BGARCH model is the best among the four model. Dynamic method 

can improve the hedge efficiency and effectively averse the risk of cash markets. 

4. Conclusion 

We estimate the optimal hedge ratio in China gold market through four different models with minimum variance 

method. In static method, the optimal hedge ratios are 0.892431, 0.905663, 0.989322 through OLS model, ECM 

model and VECM model respectively. The drawback of these three methods is the results are all constant while 

the hedge ratios are supposed to be time-varying. Base on ECM-BGARCH, we estimate the optimal hedge ratio 

and obtain the time-varying hedge ratio series. It can be seen from the results that hedge effectiveness dynamic 

model was significantly better than the static model. With dynamic model, we overcome drawbacks of traditional 

static method that assuming the variance is constant, and revel the feature of continuous Shanghai gold futures 

that returns rate is time-varying. Through this method we successfully improve the hedge effect.  

The empirical results show ECM-BGARCH have the best performance, not only improve the efficiency of hedge 

but avoid risk. The results of this paper have practical value on China’ s gold transaction to avoid the risk, perfect 

gold futures markets and improve the efficiency of hedge. It also provides reference in other futures markets for 
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hedging in China. 
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