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Modelling the Relationship Between Agricultural 
Commodity Prices, Energy Prices, And Exchange Rate: 
Evidence from A Three Stage Markov-Switching Model

Introduction
Commodity price volatility originating from excessive 

commodity price fluctuation has been a global problem, especially 
after the recent financial crises. Commodity prices are categorized 
by periods of sharp fluctuations in prices, and the level of volatility 
itself changes over time [1]. Interest rises on modelling and 
analyzing the dynamic behavior of financial quantities observed 
through time after the groundbreaking papers by Engle [2] 
and Bollerslev [3]. However, there are changes on financial and 
macroeconomic quantities in their behavior over a sample period. 
Financial crises can cause dramatic fluctuations in the behavior of 
many economic time series [4]. They can also abruptly change the 
government policy. Markov Switching models have been presented 
to consist of sudden parameter changes in models. The idea is to 
add a hidden state variable which shows changing the parameter 
when the process is in a different state.

Since the seminal application of Hamilton [5] to US real Gross 
National Product growth, regime switching models have been wide 
ly used in applied research. The model has been applied in various 
areas of economics and finance such as analysis of business cycles 
[5], low and high volatility regimes in returns [6], oil and the mac-
roeconomic analysis [7], asset and stock market returns modelling 
[8] and so on.

The main contribution of the present work is to develop an ap-
propriate model to each of the five agricultural commodity price 
return series in South Africa. Specifically, the MS model was applied 
to examine the relationship between the prices of agricultural com-
modities with the price of oil, the price of natural gas, the price of 
coal and exchange rate (USD/Rand). 

The remainder of the paper is organized as follows. In Section 
2 we discuss the review literature, in Section 3 data and method-
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Aim: One of the main objectives of this paper is to examine the relationship between the prices of agricultural commodities with the price of oil, 
price of gas, price of coal and exchange rate (USD/Rand).

Methods: The paper applies the three-state Markov-switching (MS) regression models. The data used in this study are the daily returns of 
agricultural commodity prices from 02 January 2007 to 31st October 2016 for maize, wheat, sunflower and soya, and 19 May 2010 to 31st October 
2016 for corn. Moreover, the data contains daily returns of crude oil, natural gas, coal and exchange rate which spans from 02 January 2007 to 31st 
October 2016.

Results: The results indicate that the price of agricultural commodities was found to be significantly associated with the price of coal, price of 
natural gas, price of oil and exchange rate.

Conclusion: This paper provided a practical guide for modelling agricultural commodity prices, energy prices and exchange rate by MS 
regression models. This paper can be good as a reference when facing modelling agricultural commodity price problems.
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ology. In Section 4 we present the results and Section 5 presents 
concluding remarks.

Literature Review
The price of agricultural commodities in general and food pric-

es, in particular, has been increasing in recent times [9]. For com-
modity-dependent countries and producers commodity price vola-
tility is their big problem. Nearly one-third of the global population 
is dependent on primary commodities such as copper, cotton, and 
rice. Commodity exports are at least half of their foreign exchange 
earnings for 95 of the 141 developing countries at the national level 
[10].

Factors such as natural disasters, unfavorable weather con-
ditions, exchange rate volatility and shifts in global demand and 
supply are the major causes of agricultural commodity price uncer-
tainties. Almost a 30-year high food price volatility is observed in 
December 2010 [11]. Agricultural commodity price volatility has 
been exceptionally high during the last decade [12].

The export and import side of numerous least developed 
countries, particularly in Sub-Saharan Africa face commodity de-
pendence. This leads to a high degree of primary commodities ex-
port. Commodity prices dynamics have changed considerably even 
though trade patterns with regard to main commodities continued 
fairly unchanging over the last decades. However, commodities par-
ticularly agriculturally based have experienced extraordinary price 
boom since the early-2000s with price hikes in mid-2008 and 2011 
[13].

There has been a substantial uncertainty in global agricultural 
markets since 2006.  The world agricultural commodity prices rose 
by an average of 70 percent in nominal dollar terms in between 
September 2006 and February 2008. The highest price increases 
were witnessed in wheat, maize, rice, and dairy products.  Prices 
fell rapidly in the second half of 2008, but sharp price increases 
were observed again in 2010 and the level reached the peak of the 
price spike of 2008 in 2011. The prices dropped again in 2011 and 
2012 and then increased again significantly in early 2013 [14].

There have been many shocks across the range of commodities 
in the last 30 years.  The financial arrangement and environmental 
management for commodity dependent countries are highly affect-
ed by the commodity price uncertainty. These price uncertainties 
are also widening existing inequalities.  It is known that low com-
modity prices will cause in lesser income for producers and a small-
er number of jobs for workers. However, volatile prices also have an 
undesirable outcome on livelihoods [15].

According to the World Bank, IMF and UNCTAD commodity 
prices have a vital role in economic development and on the occur-
rence of poverty in low-income countries (LICs). LICs, in particular 
SSA countries are strictly dependent on the export of a single or 
limited commodity. For most of the SSA countries, at least half of 
incomes are coming from the export of just limited commodities. 
Thus, commodity price uncertainty can have a huge influence on 
the well-being of a country’s population [16].

Price volatilities can cause a negative impact on the economy of 
poor countries (Rodrik, 1999). Volatile prices touch both producers 
and consumers. Production and investment risks rise for produc-
ers, predominantly when the production cycle is extended. Volatile 
prices are also affecting the consumption decision of consumers 
when they have a limited income [17].  Moreover, the economic cri-
sis can be caused by higher and unpredictable volatility [18].

The agricultural production uncertainty, especially in develop-
ing countries, affects investment decisions, decreasing technology 
acceptance and obstructing the acceptance of upgraded farming 
systems. The high relationship between production, price, and 
market risks identifies the requirement of a unified and complete 
approach to risk management and building resilience of African 
producers [19].

For African commodity-exporting countries, the consequence is 
that it is doubtful that there will be much weakening in economic 
performance.  In addition, commodity-producing Sub-Saharan Af-
rica countries that depend on internal funds to finance investment 
expenditure will be outperformed by countries that depend on ex-
ternal financing [20].

Extremely high levels of price volatility have been the sole char-
acterization of commodity markets [21]. As shown in Figure 1, the 
prices of the five agricultural commodities, energy commodities 
and exchange rate have been fluctuating in the last 10 years. In the 
mid-2008, 2011, 2013, 2014 and 2016 the prices of agricultural 
commodities were at the peak (Table 1).

Table 1: Variables used in the study.

Variable Explanation

Com Price Logarithmic value of prices maize, wheat, sunflower, 
soybeans and corn

Oil Price Logarithmic value of oil price

Gas Price Logarithmic value of natural gas price

Coal Price Logarithmic value of coal price

Exchange 
Rate Logarithmic value of USD/Rand Exchange Rate

Data and Methodology

Data description

The samples analyzed in this paper are the daily returns of 
South African agricultural commodity prices from 02 January 2007 
to 31st October 2016 for maize, wheat, sunflower and soybeans, and 
from 19 May 2010 to 31st October 2016 for corn. Moreover, the data 
contains daily returns of crude oil, natural gas, coal and exchange 
rate which spans from 02 January 2007 to 31st October 2016 [22].  
All these data are obtained from the data stream of Johannesburg 
Stock Exchange (JSE) and Investing.com. Figure 1 plot the price and 
log-returns of agricultural commodities, energy commodities and 
exchange rate against time. As shown in Figure 1, the prices of agri-
cultural commodities have been fluctuating in the last 10 years. In 
the mid-2008, 2011, 2013, 2014 and 2016 the prices of agricultural 
commodities were at the peak.
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Figure 1: Structure of Chitin.

Markov-switching regression models

Consider the classical linear regression model given by
2

,'         . . . (0, ),         t=1,....,T (1)t t t ty x i i d Nβ ε ε σ= + 

where classical assumptions assume that εt is i.i.d. (inde-
pendently and identically distributed). In addition, the parameters 
are assumed to be constant through time. However, this assumption 
would not be true if some sort of structural break occurred in the 
series. In order to overcome this problem, Hamilton [5] introduced 
the m-state MS model which is given as follows

,'         . . . (0,1)             (2)
tt t s t ty x i i d Nβ ε ε= + 

where βSt a KX1 state dependent coefficients, σSt is a vector of 
error standard deviations, xt a vector of exogenous regressors and 
state variable st is a random variable that governs all parameters 
with transition probability, p(St=j|St-1=i) = pij.

In this particular study, for the three state MS models can be 
written as

(1) (1) (1) (1) (1)
0 , , , / ,

(2) (2) (2) (2) (2)
, 0 , , , / ,

(3) (3) (3) (3) (3)
0 , , , / ,

       S 1

P        S 2   

       S 3

Coal t Oil t Gas t USD Rand t t

i t Coal t Oil t Gas t USD Rand t t

Coal t Oil t Gas t USD Rand t t

β β β β β

β β β β β

β β β β β

 + + + + =
= + + + + =


+ + + + =

          (3)
		

Model selection criteria

In order to choose the best fit model, the log-likelihood func-
tion, Akaike information criterion (AIC), Bayesian information cri-
terion (BIC) and log-likelihood function are employed under three 
distributions for innovations.

Akaike [23] proposed the most commonly used AIC in order to 
evaluate models given as follows

2 2logAIC k L= −  (4)

where k is the number of parameters in the model and L is the 
value of the likelihood function. Similarly, BIC [21] has a similar 
form:

log( ) 2 logBIC k T L= −  (5)
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where T is the sample size. 

Note that: low AIC, BIC and DIC values indicate a better model 
fit.

Empirical Results

Descriptive summary of agricultural commodity returns

Table 2 reports the statistical properties of commodity price 
log-returns. The takeaway from this table is that the median is 
zero except for maize, natural gas and coal. The mean of all these 
commodities are nearly zero and the average returns of all agricul-
tural commodities and USD/Rand exchange rate returns are posi-
tive, however, for energy commodities, this is negative. Generally, 

the standard deviation of all energy commodities is high including 
the price of corn. The skewness of all agricultural commodities 
except corn are negative, which means that the peaks tends to be 
the right. However, the skewness of natural gas, coal, USD-Rand 
exchange rate and corn are positive, which means that the peaks 
tend to be the left.  As indicated by the excess kurtosis, each of the 
price log-return series presents a fat tail property. The largest price 
drop in each of the return series are: -22.075, -9.45, -12.862, -9.531, 
-61.781, -6.183, -36.179, -14.893, and -13.065 for maize, wheat, 
sunflower, soybeans, corn, USD-Rand exchange rate, coal, natural 
gas and crude oil respectively. A similar interpretation can be given 
for the largest price increase in each of the return series.

Table 2: Statistical properties of commodity returns.

  N Minimum Maximum Mean Median Std. Deviation Skewness Kurtosis

Maize 2458 -22.075 11.731 0.043 0.076 1.999 -0.884 10.546

Wheat 2458 -9.45 4.752 0.033 0 1.223 -0.563 4.207

Sunflower 2458 -12.862 11.252 0.038 0 1.315 -1.013 12.049

Soybeans 2458 -9.531 9.817 0.043 0 1.391 -0.366 4.342

Corn 1614 -61.781 62.054 0.034 0 3.484 0.152 171.927

USD/Rand 2458 -6.183 7.688 0.027 0 1.104 0.37 3.343

Coal 2458 -36.179 24.711 -0.034 0 4.206 -0.229 6.747

Natural Gas 2458 -14.893 26.771 -0.036 -0.069 3.062 0.647 4.427

Crude Oil 2458 -13.065 16.41 -0.011 0.004 2.492 0.192 4.457

Estimation results of MS models
Table 3: Specification testing for MS models.

Vari-
ables Maize Wheat Sunflower Soybeans Corn

λ LR  21516** 22146** 23498** 22789** 1677**

Estimate the MS model and non-switching regression mod-
el (linear regression model given by Equation 1) parameters and 
evaluate the corresponding likelihoods, L(θ̂ MS) and L(θ̂ non-switching), 
respectively. The presence of regime switching in the data can be 
further tested using the standard likelihood ratio (LR) statistic 
which is given by λLR=[L(θ̂ MS)-L(θ̂ non-switching)], where θ̂ MS is the MLE 
of parameters in the MS model and θ̂ non-switching are the MLE for Θ for 
non-switching model, respectively. Under the null hypothesis, λLR 
has an asymptotic χk

2 distribution with k degrees of freedom, where 
k is the number of parameters identified under the null hypothesis. 
As shown in Table 3, the linearity of the λLR are rejected. Thus, there 

is a strong evidence of the existence of regime switching, which 
makes the use of regime switching regression models justified.

The effect of the price of coal, the price of natural gas, the price 
of oil and exchange rate uncertainty on the price of agricultural 
commodities are assessed using the two-state and three-state MS 
regression model. The two-state and three-state MS regression 
models were estimated by maximum likelihood estimation (MLE) 
method. 

Table 4 reports the model selection criteria for the two-regime 
and three-regime MS models. According to the goodness-of-fit sta-
tistics such as AIC, BIC and logLik, the three-state MS approach is 
the best candidate model for modelling maize, wheat, soybeans 
and corn, however, the two-state MS approach is the best candidate 
model for modelling sunflower.

Table 4: Comparison of specification measures for selected agricultural 

commodities.

Number of regimes Measures Maize Wheat Sunflower Soya Corn

2

AIC -4767.11 -6716.2 -5672.5 -5672.5 -3893.49

BIC -4630.96 -6580.1 -5536.4 -5536.4 -3765.75

logLik 2393.56 3368.1 2846.3 2846.3 1956.75

3

AIC -6239.3 -8547.2 -5574.7 -7499.4 -4669.36

BIC -6035 -8342.8 -5411.3 -7295.1 -4477.75

logLik 3134.6 4288.6 2799.4 3764.7 2349.68

Table 5 shows the estimated parameters with their standard 
errors reported in parentheses. Almost all the parameters in the 
table are significant. This result confirms that the price of coal, the 

price of natural gas, the price of oil and exchange rate uncertainties 
do indeed play a vital role in agricultural commodity prices in South 
Africa. Moreover, the transition probabilities from regime 1 to re-
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gime 1, from regime 2 to regime 2, and from regime 3 to regime 3 
are greater than 96% for all commodity prices. This indicates that 

it is hard to change from regime 1 to regime 2, from regime 2 to 
regime 3 and from regime 1 to regime 3.

Table 5: Maximum likelihood estimates for selected agricultural commodities.

Number of Regimes Estimates White Wheat Sunflower Soya Corn

1

β Constant  8.9639 4.8886** 2.9259** 5.1866** 4.1969**

Standard error 0.0461 0.0815 0.0888 0.0888 0.1676

β Coal
-0.2314** 0.0326* 0.1025** -0.0242** -0.4841**

Standard error 0.0046 0.0107 0.01 0.0045 0.0026

  β Oil 
-0.2375** 0.2528** 0.5817** 0.1542** 0.7219**

Standard error 0.0064 0.0135 0.0128 0.0124 0.0265

  β gas
-0.1995** 0.0929** -0.0374** -0.1374** 0.186**

Standard error 0.0084 0.0077 0.0125 0.0089 0.018

  β Rand
0.3188** 0.8991** 1.2254** 1.1582** 0.5684**

Standard error 0.0117 0.0169 0.0253 0.0164 0.023

 ∑ 0.054 0.0598 0.0985 0.0596 0.0412
R2 0.96 0.81 0.82 0.966 0.953

2

  β Constant 
2.79** 4.8764 8.0797 4.0919 2.0294

Standard error 0.046 0.0243 0.0621 0.1096 0.3419

  β Coal 
0.075** 0.0615** -0.1655** -0.012 -0.0339

Standard error 0.0046 0.0027 0.0037 0.005 0.0217

β Oil
0.37** 0.2178** -0.0212 0.3381** 1.2713**

Standard error 0.0064 0.0009 0.0089 0.0159 0.0595

β gas 
-0.06** -0.0684** 0.0444** -0.0159** -1.1741**

Standard error 0.0084 0.0056 0.0072 0.0056 0.0396

  β Rand
1.416** 0.9638** 0.4151** 1.3006** 0.7023**

Standard error 0.0117 0.0094 0.0139 0.022 0.065

  ∑ 0.049 0.0338 0.0617 0.0428 0.0955

R2 0.97 0.9745 0.8394 0.97 0.88

3

  β Constant 
-0.006** 4.626**   3.7601** 8.8215**

Standard error 0.0865 0.1526   0.053 0.129

  β Coal 
-0.076* 0.025**   -0.2919** -0.1336**

Standard error 0.0252 0.006   0.005 0.004

β Oil
0.8395** 0.2098**   0.554** -0.1477

Standard error 0.0254 0.0199   0.009 0.0171

β gas 
-0.4318** -0.1701**   0.0264** 0.0359**

Standard error 0.0193 0.01   0.009 0.0104

  β Rand
2.137** 1.1563**   1.3814** -0.1369**

Standard error 0.0208 0.0317   0.0167 0.0249

  ∑ 0.1206 0.0314   0.0479 0.0439

R2 0.9449 0.99   0.9735 0.77

   P11 0.9875 0.9953 0.9938 0.9926 0.965

   P22 0.9818 0.9797 0.9951 0.9827 0.9698

   P33 0.9747 0.9856   0.9886 0.9847
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Figure 2: The time-varying probabilities of staying in regime 1.

The time varying probabilities of staying in regime 1 are report-
ed in Figure 2. The volatility stays in regime 1 when the probabili-
ty at time t is larger than 0.5, and the volatility switches to regime 
2 if the probability at time t is smaller than 0.5. This confirms the 
existence of regime switching in the return series due to probabil-
ities larger than 0.5 [22].  Model diagnostics such as fitted versus 
observed values plots (Figure 3) and residual plots (Figure 4) were 

used to check the validity of the fitted regime switching model. 
The observed versus fitted values plots (Figure 3) show that the 
estimated values are closely following the pattern of the observed 
values except corn. The residual plots (Figure 4) show that a distri-
bution of points dispersed randomly about 0. There is no clear evi-
dence of systematic variation indicating that the constant variance 
assumption is not violated. 

Figure 3: Comparison of observed agricultural commodity price log-returns versus estimated agricultural commodity data using models 
developed for the three regimes of the MS approach.

Conclusion
The main aim of this paper has been to examine the factors con-

tributing to fluctuation of agricultural commodity prices in South 
Africa [23]. The empirical results based on the MS regression model 
can be concluded as follows:

•	 the price of agricultural commodities was found to be 
significantly associated with the price of coal, price of natural gas, 
price of oil and exchange rate.

•	 for all agricultural commodities except sunflower, $k=3$ 
had and higher log-likelihood vales and lower AIC and BIC values. 
Thus, the three-state MS regression model outperformed the two-
state MS regression model.

In conclusion, this paper provided a practical guide for model-
ling agricultural commodity prices by MS regression models [24].  
This paper can be good as a reference when facing modelling agri-
cultural commodity price problems.
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Figure 4: Residual plots.
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