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ABSTRACT 

 Natural rubber is one of the most important agricultural product of Thailand. 

Since the movement of the natural rubber price is similar to the stock price, it is 

interesting to study its pattern. Most of the work considered prices as continuous 

processes which are modeled based on Brownian motion having a continuous sample 

paths. However, many small and large changes of the rubber price observed by eyes 

brought to the question of jumps. This research aims to simulate the Unsmoked Sheet 

Rubber (USS) price of Hat Yai market starting from January 3, 2007 to February 27, 

2015 with two models. One is when the price is assumed to be continuous, the other is 

when it is assumed to have jumps. A better simulation result is measured by a smaller 

value of Average Relative Percentage Error (ARPE), showing that the model with 

jump provided an approximately better fit than the continuous model. Moreover, this 

research also studies stability analysis of the USS price in a short interval of time in 

which the price is fitted with the polynomials up to degree three. The results showed 

that the number of equilibrium points and their stability behaviors varied by the 

polynomial fitting and the price. However, no matter the equilibrium point is stable or 

not a farmer can make an appropriate decision according to the stability behaviors and 

the current price.  
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    Thailand Natural Rubber Price Simulation: 
Continuous vs. Jumps Behaviors 
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Abstract 

Natural rubber is one of the most important agricultural products 
of Thailand. Since the movement of the natural rubber price is similar 
to the stock price, it is interesting to study its behavior. Most of the 
work considered prices as continuous processes which are modeled 
based on Brownian motion which has continuous sample paths. 
However, many small and large changes of the price observed by eyes 
brought to the question of jumps. This study aims to simulate the 
Unsmoked Sheet Rubber (USS) price in Hat Yai market starting from 
January 3, 2007 to February 27, 2015 with two models. One is when 
the price is assumed to be continuous, the other is when it is assumed 
to have jumps. The results show that the simulation obtained by the 
continuous model provided an approximately better fit than the 
model with jumps. It indicated that those large changes observed 
does not affect the continuous behavior of the studied USS price.   
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1 Introduction 
Natural rubber is one of the most important agricultural products of Thailand. In fact, 

Thailand is the world’s largest natural rubber export taking turns with Indonesia and Vietnam 

(Workman, 2015). Rubber plantations are originally most planted in the southern of Thailand. 

However, they are wildly planted across the country since 1961 according to the government 

promoting through special policies and programs. The rubber smallholders collect the rubber 

latex and either sell the latex or rubber sheets to the agents or companies.  

The behavior of rubber price is of interest because rubber is one of the important 

commodities product of Thailand. Since the movement of the natural rubber price is similar to 

the stock price it is interesting to study its behavior. There are many models in economics and 

finance that can describe the behavior of the stock price. The continuous model is wildly used 

for describing the behavior of asset prices which are assumed to be continuous. In this case the 

model is driven by Brownian motion with constants drift and volatility. However, a shortcoming 

of this model is that it does not consider the random jumps which can occur any time. The 

model with jumps is supposed to improve the continuous model in describing the price with 

jumps. In other word, it is assumed that the behavior of asset prices are not purely continuous. 

There are many researches which studied the results given by the continuous model (Black and 

Scholes, 1973; Klein, 1996; Khaled and Samia, 2010) and the model with jumps (Merton, 1976; 

Kou, 2002; Maekawa et al., 2008; Gondal, 2011; Yan, 2011; El-Khatib and Al-Mdallal, 2012). 

However, Maekawa and his research team (Maekawa et al., 2008) compared the results between 

the continuous model and the model with jumps (Kou, 1996) which both models applied with 

Japanese stock market. The result has shown that the model with jumps outperforms the 

continuous model. Neupane and Calkins (Neupane and Calkins, 2013) studied the statistical 

models to capture price volatility of latex type RSS3 in Thailand for the period 2004-2011 where 

the daily price of latex type RSS3 was modeled by GARCH, GARCH-GJR and EGARCH models. The 

results showed that the price volatility of RSS3 is strongly persistent and the estimated results 

are statistically valid. The pricing model for such a jump diffusion model does not have a closed 

form formula since the market is incomplete (El-Khatib and Al-Mdallal, 2012).  
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In this study we aim to fit the Thailand rubber price with the continuous pricing model and 

the model with jump where the parameters are estimated from the historical data and also to 

compare the results which are obtained by both models. 

2 Presentation of the data 

We consider the historical data of Unsmoked Sheet Rubber (USS) price in Hat Yai market 

which is obtained from the webpage of The Thai Rubber Association (The Thai rubber association, 

2015) and the data is starting from Jan 3, 2007 to Feb 27, 2015 (see Fig. 1) which is 1584 

observations of the USS price. During this period, there is 1584 daily prices which are observed in 

the official trade day which is around 7 years. The maximum price and minimum price in this 

period are 186 and 30 baht/kg respectively. In general the return is the difference between the 

prices of two consecutive days. However, with some nice properties the log return 
i
R  calculated 

by the difference between the log of today price 
it
S  and the log of yesterday price 

1it
S


:  

                          1
1

log log log , 1,2,3,...,i

i i

i

t

i t t
t

S
R S S i n

S



 
    
 
 

                          

(1) 

is considered instead. The daily log return of the USS price is shown in figure 2. In this figure, the 

small (dots) and large (stars) changes of the log returns observed by eyes brought to the question 

of jumps. 

 

 

 

 

 

  

 

 

 

     Figure 1: The historical data of USS price (Baht/Kg) start from Jan 3, 2007 to Feb 27, 2015. 
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Figure 2: The daily log returns of the USS price. 

 

3 The models 

The behavior of the USS price will be considered as two folds. One is that it has a 

continuous sample path so that it is assumed to behave as similar as the price of the underlying 

asset of Black-Scholes model (Black and Scholes, 1973): 

                                                 
t t t t

dS S dt S dB   .                                      (2) 

The other is that it has jumps so that it is assumed to behave as similar as the price of the 

underlying asset of Merton Jump Diffusion (MJD) model: 

                                      1t t t t t t t
dS S dt S dB y S dN     .                        (3) 

In model (2) the price is driven by Brownian motion 
t
B  where the constants   and   are drift 

and volatility respectively. While the model (3) can be seen as if it is an improvement of model 

(2) proposed by Merton (Merton, 1976) by adding an independently and identically jump part 

which has Poisson distribution. Suppose that in a small interval t  the asset price jumps from 

t
S  to 

t t
y S . We call 

t
y an absolute price jump size. Then the relative price jump size is  

                                                     1t t t t
t

t t

dS y S S
y

S S
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where 
t
y  is assumed to be a nonnegative random variable drawn from lognormal distribution 

which is  ln
t
y  having independent and identical normal distribution with mean  and 

variance 2 . Then, Merton introduced the new equation for describing the behavior of asset 

price with jump which is driven by the Brownian motion 
t
B , the Poisson process 

t
N  with 

constants drift   and volatility   in Eq. (3).                

To receive the models of asset price from both cases, we need the following proposition 

(Cont and Tankov, 2004). 

Proposition 3.1. (Itô’s formula for jump diffusion processes) 

Let X  be a diffusion process with jumps, defined as the sum of a drift term, a Brownian 

stochastic integral and a compound Poisson process  

                                           
0

10 0

tNt t

t s s s i
i

X X a ds b dB X


       

where 
t
a and 

t
b are continuous non anticipating processes with 

                                                            
0

T

t
E bdt
 

  
  
 . 

Then, for any 1,2C function, : 0,f T     , the process  ,
t t
Y f t X can be 

represented as  

                      0
0

, 0, , ,
t

t s s s

f f
f t X f X s X s X a ds

s X

  
   

  
  

                                                     
2

2

2
0 0

1
, ,

2

t t

s s s s s

f f
s X b ds s X b dB

XX

    
    

   
   

                                                     
 1,

i i
i

iT T
i T t

f X X f X
 

 

    
  

 .                (a) 

Proof. [ See Cont and Tankov, 2004] 
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Now we will solve (3) by applying proposition 3.1 with    ,S ln S
t t

f t   by (a). When 

the parameters   and   are constant and   is fixed then 

                                    
t
=

t
a S ,            σ

t t
= Sb ,           = 1

i t t
X y S   

     , 0
t

f
t S
t





,    

t

1
,

St
t

f
t S

S





,   

2

2 2
t

1
=-
S

t

f

S




. 

We substitute all into (a)  

          2 2
0 2

0 0

1 1 1
ln ln 0

2

t t

t s s
s s

S S S ds S ds
S S
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S
  



      
                     

  

                                     2
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 . 

Hence,  

                                   2
0

1

1
exp t

2

tN

t t i
i

S S B Y  


   
     

   
                              (4)  
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where   is again  the drift,   is again the volatility, 
t
N  is the counting process which is a 

Poisson process with intensity . The 
1

tN

i
i

Y


  represents the jump part of the process. 

Note that 0   means that there are no any jumps occur in the process and the 

solution in Eq. (4) is reduced to be the same as the solution of Eq. (2) 

                
2

0
exp

2t t
S S t B


 

  
      

  

                                (5) 

Eq. (5) is known as the Geometric Brownian Motion (GBM) and wildly used in financial 

mathematics. 

4 Simulations 

In order to discretize eq. (4) and (5), assume that we have a fixed set of date 

0 1 0 1
0 ...

n n
t t t t t t t T


            with step time t . Let us first consider the 

continuous model (5) with constants   and  . For the today price at 
i

t t , the discretization 

version of (5) is 

                          
2

0
exp

2i it i t
S S t B


 

   
     

   

                                    

and for the price of the next day 
i

t t t    is 

                      
2

0
exp

2i it t i t t
S S t t B
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Then, the return can be obtained by 
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Then we have 
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where 
i i it t t t t
B B B

 
   . By the properties of Brownian motion (independent and 

identically increment) 
1i i i i i

d d

t t t t t t t t t
B B B B B tB

    
        where 

1
B is standard 

normal distribution  0,1N . 

For the model with jumps, we also discretize the model in Eq. (4) and use similar 

computation as above. Then, we also have the today price at 
i

t t   

                                   
2

0
1
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N

t i t i
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S S t B Y


 


   
      

   
         

and the next day price at 
i

t t t    is                             
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Then also the return can be obtained by                    
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We again apply the mathematical manipulation and the property of exponential function. Then  
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where 
i it t t
N N


  and 

it t
N


 has Poisson distribution with parameter t . 

We will simulate the USS price by using Eq. (6) and Eq. (7) and all parameters will be 

estimate from the historical data of the USS price. To estimate the parameters of the continuous 
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model we consider from the Eq. (6). The first assumption for this model is log return required to 

be Gaussian distribution this means 
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Take the logarithm both sides and we get 
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 represent the log return of asset price as in Eq. (1), then we apply 

the property of expectation and Brownian motion and we have  
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If there are n observations of the log return (
1
,...,

n
R R ) by the law of large number the 

expectation of the log return can be estimated as  
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Therefore, parameter   can be estimated by  
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For estimating  , we consider the variance of the log return R  with the property of variance 

and Brownian motion and then we obtain 
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The usual estimation for the variance is 
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where  
21

1

1

1

n

i
i

R R
n







  is the standard deviation of the log return. 

For estimating all parameters of the model with jumps, we apply the method of moment 

which is called nonparametric estimation introduced by Johannes (Johannes, 2004) and Valachy 

(Valachy, 2004) applied this method to the currencies exchange rate from the Central European 

(CE) region. Recall that the jump sizes are assumed to be normally distributed with mean 0 and 

variance 2 . Let us assume that all parameters are constants. The formula for diffusion part of 

the model is   

                                                    2 2 2
T

                                                 (10) 

where 2  is the diffusion of the continuous part, 2
T

  is the total diffusion (or 2nd  moment), 

and 2   is the variance of jump sizes. Under the assumption of constant jump intensity, the 

proposed estimation procedure is as follows: 

Estimate parametrically the drift    
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 .                    (11) 

Estimate   and 2  based on the calculation of moments, the ratio of the 4th  and 6th  

moments will give us the estimate of 2 . Consequently, the estimate of   will be  
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(12) The particular moments are calculated as follows  

                                  
4

2
2

1

1
4 log 3i

i

n
t tth

i t

S
Moment

n S
 





  
   

  
  

       

                                  
6

3
2

1

1
6 log 15i

i

n
t tth

i t

S
Moment

n S
 





  
   

  
  

 . 

The estimation of   can be completely identified by subtracting the 2ndmoment estimated 

nonparametrically from constant volatility, this mean 

                                                        2 2ˆ2ndMoment    

where 
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In order to compare the results, we calculate the error between the empirical data and 

simulated data as Maekawa and his research team use in their research work (Maekawa et al., 

2008). We use the Average Relative Percentage Error (ARPE) which is defined by 

                           
1

1 M
i i

i i

x s
ARPE

M x


  ,                                           (13) 

where M is the sample size, 
i
x  and 

i
s  are empirical data and simulated data respectively. 

5 Result 

In this section we show the results which are obtained by the simulation of both models. 

The data is divided into 6 groups in which each of the first 5 groups has 250 observations that 

according to the data size of one year trading in the market and the last group contains the rest. 

All parameters of both models are estimated separately. The Table 1 shows the estimated 

parameters of both models. We simulate 2000 trajectories of the price in each part with Eq. (6) 

and Eq. (7) then we use formula (13) for calculating the errors which is compared with the real 

USS price. The Table 2 shows the errors that we get. Under the same Brownian motion, we can 
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see that most of the errors that we obtain by the simulation with the continuous model give the 

better estimate than the model with jumps.  

 

Table 1. The estimated parameters 

 The continuous model The model with jumps 

 
ĉ

  
ĉ

  
d̂
  

d̂
  ̂  2̂  

Data 1 0.2764 0.2275 0.0011 0.0087 0.2049 0.0273 

Data 2 -0.2921 0.5449 -0.0019 0.0041 0.2817 0.0678 

Data 3 0.6515 0.2469 0.0027 0.0090 0.2279 0.0293 

Data 4 -0.0431 0.3843 -0.0005 0.0115 0.1477 0.0593 

Data 5 -0.0400 0.3240 -0.0004 0.0076 0.3317 0.0354 

Data 6 -0.2614 0.2946 -0.0013 0.0074 0.5001 0.0257 

 

Table 2. The average errors which are obtained by both models (%) 

 

In the Table 1 we see that the estimated volatility 
d̂

  of the model with jumps is very 
small. In the real market the volatility should not be small value. The typical value of volatility in 
the real market should be around 15 % to 60 % (Hull and Options, 2000). For this reason we 

change the estimation of 
d̂

  to be according to the real market by applying this simple 
transformation 

                                         ˆ 4
8d

b a
x a

 
   
 

 

 The continuous model The model with jumps 
Data 1 14.94 16.07 
Data 2 42.10 66.63 
Data 3 20.61 39.84 
Data 4 28.90 26.92 
Data 5 22.02 22.83 
Data 6 25.15 47.08 
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where x  is the Gaussian random number and a , b  are the typical value of volatility in the real 
market which are 15 % and 60 % respectively. Then, we again simulate as the previous one. The 

Table 3 shows the new errors that we get after we change the estimation of 
d̂

 . We can see 
that even we change the value of volatility to be according to the real market the continuous 
model still provide the better errors. 

 

Table 3. The average errors which are obtained by both models after the new estimation of 

d̂
 (%) 

6 Conclusion 

In this study we provide the simulation of the Thailand natural rubber price by using the 
continuous model and the model with jumps. The parameters are estimated from the historical 
price. The results show that the errors which are obtained by the continuous model is smaller 
than the model with jumps compare with the real USS price. Since the first spotted large change 
in the USS price we expected the model with jumps would provide the better error but it is not. 
This maybe because of the jumps in the USS price are not large enough to affect the continuous 
behavior of this USS price.   
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