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บทคัดยอ 

งานวิจัยน้ีทําการพยากรณราคาทองคําดวยตัวแบบ MCGM(1,1) ซ่ึงเกิดจากการนําตัวแบบมารคอฟ และ 

ตัวแบบ GM(1,1) ประกอบเขาดวยกัน ซ่ึงความนาจะเปนของการเปล่ียนสถานะของลูกโซมารคอฟคํานวณไดจาก

ความคลาดเคล่ือนระหวางตัวแบบ GM(1,1) กับขอมูลการสอนซ่ึงเปนขอมูลของราคาทองคําจาก เดือนมกราคม 

พ.ศ. 2533 ถึง เดือนธันวาคม พ.ศ. 2554 หลังจากน้ันนําคาพยากรณที่ไดไปทดสอบความแมนยํากับขอมูลการ

ทดสอบ ซ่ึงเปนขอมูลของราคาทองคําจาก เดือนมกราคม 2555 ถึง เดือนมิถุนายน 2557 ผลการวิจัยพบวา ตัว

แบบ MCGM(1,1) มีความแมนยําสูงกวา ตัวแบบ GM(1,1) โดยพิจารณาจาก 3 เกณฑ ดังน้ี คาคลาดเคล่ือนกําลัง

สองเฉล่ีย คาคลาดเคล่ือนสมบูรณเฉล่ีย และ คาคลาดเคล่ือนสัมพัทธสมบูรณ 
 

ABSTRACT 

In this paper, we combine Markov chain and GM(1,1) model, which will be called 

MCGM(1,1), to forecast the gold price in London. The transition probabilities of Markov chain are 

constructed by the error of GM(1,1) and original data from January 1990 to December 2011. We 

compare the accuracy of the prediction using the testing data from January 2012 to June 2014. 

We find that MCGM(1,1) is better than GM(1,1) in terms of three criterions, namely, mean square 

error, absolute mean error and absolute relative error. 
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1. Introduction 

Gold is a precious and the most popular metal for investment. Investors hold gold to 

hedge against economic and political uncertainly, or currency crisis. However, gold price is 

fluctuated daily or monthly. For example, the gold price increased rapidly in 2012, whereas it 

fell unexpectedly in 2013. The main interest from the point of view of an investor is the 

prediction or the forecast of the gold price for deciding whether to invest in the gold market. In 

1982, Deng (1982) proposed the theory of grey systems whose partial information is known, and 

studied the uncertainty of such systems. Grey forecasting model (denoted by GM(1,1)) uses a 

first order differential equation of one variable to simulate an unknown information, which is 

suitable for forecasting in the competitive environment where decision makers can refer only to 

limited historical data. However, the forecasting precision for data sequences with large random 

fluctuation is low. On the other hand, Markov chain model can be applied to forecast the 

system with randomly varying time series by using the transition probabilities between states. 

Thus, there are many papers studying the effect of Markov chain to improve the accuracy for 

the forecasting. For example, Li et al. (2007) developed the prediction of a combined GM(1,1) 

and Markov chain model with an application to the prediction of the number of Chinese 

international airline. Hung et al. (2007) presented a grey Markov forecasting model and its 

analysis to forecast the electric power demand in China. Kazemi et al. (2011) developed the 

prediction model of energy demand of industry sector in Iran as grey-Markov chain model 

forecasting. 

In this paper, we will consider the gold price from January 1990 to June 2014 and study 

the combination model of Markov chain and GM(1,1). The transition probabilities of Markov 

chain will be constructed and trained by the error of GM(1,1) and the original data from January 

1990 to December 2011. Then we will compare the accuracy of the prediction by using the 

testing data from January 2012 to June 2014. 

 

2. Research Methodology 

2.1 GM(1,1) model 

GM(1,1) is a type of grey model which is the most widely used in literature. The steps of 

GM(1,1) are shown as followings; 

Step 1: Let X(଴) be the original series with n samples given by 

X(଴) = ൛x(଴)(1), x(଴)(2), … , x(଴)(n)ൟ. 
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The accumulating generating operator (AGO) is defined by 

X(ଵ) = ൛x(ଵ)(1), x(ଵ)(2), … , x(ଵ)(n)ൟ 

where 

 x(ଵ)(k) =  ෍ x(଴)(i) ,   k = 1, 2, 3, … , n
୩

୧ୀଵ

. 

Obviously, we obtain that 

x(଴)(k) = x(ଵ)(k) − x(ଵ)(k − 1), k =  2, 3, … , n  

where x(଴)(1) = x(ଵ)(1). 

Step 2: The GM(1,1) model is given by 

x(଴)(k) + a z(ଵ)(k) = b, 
where 

z(ଵ)(k) =
1
2

ቀx(ଵ)(k) + x(ଵ)(k − 1)ቁ. 

The parameters a, b are calculated by 

ቂa
bቃ = (B ′B)ିଵB ′Y,  

where 

Y =  

⎣
⎢
⎢
⎡x(଴)(2)
x(଴)(3)

⋮
x(଴)(n)⎦

⎥
⎥
⎤
 and B =

⎣
⎢
⎢
⎢
⎡−z(ଵ)(2) 1
−z(ଵ)(3) 1

⋮             ⋮
−z(ଵ)(n) 1⎦

⎥
⎥
⎥
⎤

. 

Step 3: The time response sequence of GM(1,1) is obtained by 

xො(଴)(k + 1) = ቀx(଴)(1) − ୠ
ୟ
ቁ (1 − eୟ)eିୟ୩, k = 1,2,3, … .       (2.1) 

Consequently, we have two data series, namely, a GM(1,1) training data 

൛xො(଴)(1), xො(଴)(2), … , xො (଴)(n)ൟ and a GM(1,1) prediction series ൛xො(଴)(n + 1), xො(଴)(n + 2) , … , xො(଴)(n +

k), … }, k = 1,2,3, …. 

2.2 MCGM (1,1) model 

We combine Markov chain and GM(1,1) in order to improve the forecasting. The Markov 

chain rule of transition probability matrix is constructed by error series of original data and 

training series of grey model as in the previous section, that is, 

e(i) = x(଴)(i) − xො(଴)(i), i = 1,2,3, … , n. (2.2) 

Let r be the number of states, s଴ = min{e(i), i = 1,2,3, … n}, and sଵ = max{e(i), i = 1,2,3, … , n}. 

Set the error e଴ in the state j୲୦ (where 1 ≤ j ≤ r) when  
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e଴ ∈ ቆs଴ + (j − 1)
(sଵ − s଴)

r , s଴ + j
(sଵ − s଴)

r
቉ 

(observe that e଴ is in the first state when e଴ = s଴). Thus, we obtain the middle point of the j୲୦ 

state as  

v୨ = s଴ + (2j − 1)
(sଵ − s଴)

2r  for all j = 1,2,3, … , r. 

Next, we let R = ൣp୧୨൧୰×୰
 be the transition matrix, where p୧୨ is a transition probability of 

moving one step from the i୲୦ state to the j୲୦ state for all  i, j = 1,2, … , r. This leads to the 

property that A୑ାଵ = A୑R where A୑ = [aଵ(M) aଶ(M) … a୰(M)] and a୧(M) is the opportunity of 

event that will be in the i୲୦ state at time step M for M = 1,2,3, …  . Therefore, MCGM(1,1) is 

given by 

x෤(଴)(M + k) = xො(଴)(M + k) + (A୑ା୩ିଵR)V, k = 1,2,3, …, 

where V = [vଵ vଶ … v୰]′ is the matrix of all middle points. If the original series have n samples 

and M = 1, then  

x෤(଴)(k + 1) = xො(଴)(k + 1) + (A୩R)V 

where ൛x෤(଴)(1), x෤(଴)(2), … , x෤(଴)(n)ൟ is called an MCGM(1,1) training series, and ൛x෤(଴)(n +

1), x෤(଴)(n + 2) , … , x෤ (଴)(n + k), … } is called an MCGM(1,1) prediction series. 

 

3. Main Results 

We separate the data series of gold price from January 1990 to June 2014 into two 

parts. The first part, which is the data series from January 1990 to December 2011, is considered 

for training. The second part, which is the data series from January 2012 to June 2014, is 

considered for testing the accuracy of GM(1,1) and MCGM(1,1). 

3.1 The accuracy of GM(1,1) and MCGM(1,1) 

Based on the original data series from January 1990 to December 2011, we obtain the 

parameters of GM(1,1) as [a  b]′ = [−0.00868  83.8843], that is, the GM(1,1) model is given by 

xො(଴)(k + 1) = 87.066 exp(0.00868k) ,   k = 0,1,2, … . (3.1) 

Based on the GM (1,1) prediction series, we classify the error series as mentioned in (2.2) 

into 10 states: each state is considered as in Section 2.2. Therefore, the transition matrix R୘ of 

the error series is obtained as  



งานวิจัย วารสารวิทยาศาสตร มข. ปที่ 42 ฉบับที่ 3 697 

 

R୘ =

⎣
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎡
0.99 
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0
0
0
0
0
0
0
0
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0
0
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0
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0
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0
0
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0
0
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0
0
0
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0
0
0
0

0
0
0
0
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0
0
0
0

0
0
0
0
0

  0.25
0.6
0
0

0.25

0
0
0
0
0
0

0.2
  0.67

0
0

0
0
0
0
0
0
0

   0.33
0

0.5

0
0
0
0
0
0

0.2
0
1

0.25⎦
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎤

.

 

The middle point matrix is obtained as 

V୘ = [22.77  119.32  15.80  312.32  408.80  505.00  601.90  698.39  794.91  891.40]′ 

Therefore, MCGM(1,1) model is given by 

x෤(଴)(k + 1) = 87.066 exp(0.00868k) + A୩R୘V୘,    k = 0,1,2, … . (3.2) 

Next, we shall compare the accuracy of GM(1,1) and MCGM(1,1) by using the testing 

data from January 2012 to June 2014. We use three criterions: mean square error (MSE), mean 

absolute error (MAE) and absolute relative error (ARE). To be precise, 

MSE =
1
n

෍หX(i) − X෡(i)หଶ
୬

୧ୀଵ

, AME =
1
n

෍หX(i) − X෡(i)ห
୬

୧ୀଵ

, and  ARE =
1
n

෍ ቤ
X(i) − X෡(i)

X(i)
ቤ

୬

୧ୀଵ

 

The results are shown in Table 3.1. 
 

Table 3.1 Comparison of the forecasting results in terms of MSE, AME, and ARE 

Model 
Criterions 

MSE AME ARE 

GM 321,974.99 510.22 0.3270 

MCGM 68,273.95 239.20 0.1689 
 

From Table 3.1, for each criterion, we see that MCGM(1,1) forecasting is better than 

GM(1,1) for predicting the testing data. 

3.2 Forecasting model 

From Table 3.1, we therefore choose the MCGM(1,1) to be the forecasting model of this 

research in order to predict the gold price in the next period. 

From the original data series from January 1990 to June 2014, we obtain the parameters 

of GM(1,1) as [a  b]′ = [−0.008502  94.80305]′, that is, the GM(1,1) model is given by 

xො(଴)(k + 1) = 97.87 exp(0.0085k) ,  k = 0,1,2, …. 
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By using the original data series from January 1990 to June 2014, we classify the error 

series into 10 states. Therefore, the transition probability matrix R୊ of the error series is 

obtained as  

R୊ =

⎣
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎡
0.975 
0.043 

0
0
0
0
0
0
0
0

0.025
0.869
0.077

0
0
0
0
0
0
0

0
 0.087
  0.785 
0.175

0
0
0
0
0
0

0
0

0.138
 0.789 
 0.222 

0
0
0
0
0

0
0
0

0.035
0.556
0.4 

0
0
0
0

0
0
0
0

  0.222
0.4

  0.143
0
0
0

0
0
0
0
0

  0.2
   0.571
0.111

0
0.2

0
0
0
0
0
0

0.143
  0.667
0.222

0

0
0
0
0
0
0
0

   0.222
 0.444 

0.6

0
0
0
0
0
0

0.143
0

0.333
0.2 ⎦

⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎤

.

 

The middle point matrix is obtained as 

V୊ = [−7.59  85.75  179.10  272.46  365.81  459.16  552.51  645.86  739.21  832.56]୘. 

Therefore, MCGM(1,1) model is given by 

x෤ (଴)(k + 1) = 97.87 exp(0.0085k) + A୩R୊V୊,  k = 0,1,2, …. 

Thus we can forecast gold price by using MCGM(1,1) model from July 2014 to June 2017. 
 

 
Figure 3.1 MCGM(1,1) forecasting graph (training series from January 1990-June 2014) 

 

In Figure 3.1, the blue line shows the historical gold price, the red line shows the 

forecast obtained by GM(1,1), and the black dashed line reveals the MCGM(1,1) forecasting. From 

simulation, we obtain the forecasting result as shown in Table 3.2 
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Table 3.2 Gold price forecasting by the MCGM(1,1) (from July 2014 to June 2017) 

Month/Year Gold price ($/Oz) Month/Year Gold price ($/Oz) Month/year Gold price ($/Oz) 

Jul 2014 1361 Jul 2015 1489 Jul 2016 1631 

Aug 2014 1371 Aug 2015 1501 Aug 2016 1644 

Sep 2014 1381 Sep 2015 1511 Sep 2016 1656 

Oct 2014 1392 Oct 2015 1523 Oct 2016 1669 

Nov 2014 1403 Nov 2015 1535 Nov 2016 1682 

Dec 2014 1413 Dec 2015 1547 Dec 2016 1695 

Jan 2015 1424 Jan 2016 1558 Jan 2017 1708 

Feb 2015 1434 Feb 2016 1570 Feb 2017 1721 

Mar 2015 1445 Mar 2016 1582 Mar 2017 1734 

Apr 2015 1456 Apr 2016 1594 Apr 2017 1747 

May 2015 1467 May 2016 1606 May 2017 1761 

Jun 2015 1478 Jun 2016 1619 Jun 2017 1774 
 

4. Conclusions 

The objective of this paper is to develop the forecasting model for gold price. We use 

the data of gold price in London from January 1990 to December 2011 for training, and use the 

data from January 2012 to June 2014 to test the model. In this way we use three criterions, 

namely, MSE, AME and ARE to measure the accuracy of our model. The result reveals that 

MCGM(1,1) forecasting model is more accurate than GM(1,1). This model is also suitable for 

forecasting in human society, such as weather, agriculture, and so on. For the gold price, the 

forecasting value of MCGM(1,1) in July 2014 is 1361$/Oz. 
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