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Spot and Futures Markets of Agricultural 
Commodities in India: Analysis of Price 

Integration and Volatility

ABSTRACT

This paper deals with spot and futures price volatility of 
selected agricultural crops by analyzing their market 
integration. This helps us to understand whether spot and 
futures market integration explains price stability in both the 
markets of commodities and their similarities and differences 
across crops. The co-integration result found to be significant 
for chana, pepper, rubber, mustard seed and refreshed soy oil 
and no co-integrating relationship is found for guarseed. This 
means that the long run relation between prices exists for 
commodities except guar seed. The result of Granger test 
detects unidirectional Granger causality from futures to spot 
markets for pepper, mustard seed and refreshed soy oil and 
spot to futures markets for rubber. Bidirectional Granger 
causality was found in case of chana and no Granger causality 
was found in the case of guarseed. Volatility (Coefficient of 
variation is used) analysis of commodity prices show that 
futures market price volatility is higher than spot market for 
guar seed, pepper, rubber, mustard seed and spot market price 
volatility is higher than futures market for chana and refreshed 
soyoil. 

Keywords: Price volatility, Market integration, Futures 
trading, Agriculture, India

INTRODUCTION

Though commodity futures markets are considered as risk 
sharing mechanisms by which commodity producers can hedge their 
price risk1, its relationship with spot markets and benefits to 
commodity producers are intensely debated.  In India, there exist 
contesting views on the relationship between spot and futures markets 
of agricultural commodities.  A set of studies argue that futures market 
reduces spot market price volatility2 while other set of studies opposes 
this view3. The argument that futures trading affects spot markets by 
increasing price volatility in spot market is based on the assumption 
that futures markets are thin and spot traders tend to follow price 
signals from futures markets4. It is also argued that futures market is 
dominated by speculative interests driving the prices away from 
underlying fundamentals in the spot market (Sahadevan, 2008).  
Speculation in the futures market and its destabilizing effect on spot 
market has also often led to government intervention to ensure 
effective functioning of commodity derivatives across the world5. This 
has also happened in the Indian context where ban of agricultural 
commodities from futures trading has taken place many times because 
of the belief that it leads to inflation6. Though, the history of 
commodity futures markets in India goes back to the nineteenth 
century (Cotton Trade Association started futures trading in 1875 in 
Bombay), futures trading under the current liberalized regime were 
allowed in 1993 with the recommendations of Kabra committee7. The 
policy with respect to futures trading had undergone a sea change 
afterwards from banning of trading to setting up of National 
Commodity Exchanges since 2002 using modern practices such as 
electronic trading and clearing. At present, India has three national 
exchanges and about twenty three regional exchanges trading many 
agricultural and non-agricultural commodities8. The government had 
set up Forward Market Commission (FMC) to regulate the commodity 
futures trading and the commodity exchanges are under the control of 
FMC.  
A number of studies addressed the impact of futures trading on 
agricultural commodity spot prices.9 Those studies, however, do not 
provide a conclusive explanation for the effects of futures trading on 
spot prices and relationship between futures and spot prices of 
commodities. The inconclusive debate on futures and spot price 
relations continue in the literature. It is evident from the literature 
survey that futures and spot markets of majority of agricultural 
commodities are integrated and spot and futures market prices are 
highly volatile in nature10. In this context, this paper explains spot and 
futures price volatility and the market integration of selected 
agricultural crops after the introduction of futures contracts. This will 
help us to understand whether spot and futures market integration 
explains the price stability in both the markets of commodities and 
their similarities and differences.
The paper is organized as follows. The following section gives review 
on market integration and price volatility. Section two explains data 
and methodology used in this study. The third section presents 
empirical results and final section draws inferences from the analysis.

1. LITERATURE REVIEW

In this section, we review literature on market integration and 
price volatility. The market integration literature talks about the 
integration of markets in general and integration of spot and futures 
markets in particular. Secondly, we discuss about the empirical 
literature on futures trading and its impact on spot market volatility. 

1.1 Integration of Markets

A vast number of studies deal with global market integration and 
explained price differentials in different markets and their 
relationship. Jain (1981) measured the integration of world 
commodity markets by analysing price movements in commodity 
markets to determine whether the price changes in one market are 
equal to price changes in other market. He argued that integration of 
commodity markets implies the existence of the law of one price11. 
The law of one price argument is also used to test commodities traded 
in futures markets in different countries and hold the view that law of 
one price tend to be commodity specific rather than due to external 
factors (Protopapadakis and Hans, 1983)12. The differences in trading 
systems in different markets can also lead to different degrees of 
market integration (Kempf and Olaf, 1985). Market integration 
becomes important when we discuss price discovery mechanism in 
different markets. A widely held argument is that perfectly integrated 
markets can lead to better price discovery among the markets. 
Alphonse (2000) has shown that information arrivals in the futures 
market have led to efficient price discovery in French stock index 
cash market. Similarly, price series of wheat traded in China 
Zhengzhou Commodity Exchange (CZCE) and Chicago Board of 
Trade (CBOT) are found to be interrelated, asymmetric not 
cointegrated, where CBOT holds a dominant position in the 
interactions while CZCE is a follower (Du, 2004).  
Apart from these literatures on integration of different markets, link 
between spot and futures markets have been widely discussed. In this, 
most studies are devoted to analyze integration of stock index of spot 
and futures markets across the world. The extent to which two 
markets influence each other depends on the level of integration of 
two markets. The prices are mostly interdependent: the futures 
markets give signal to spot market on the direction in which prices 
will move in the future and the futures prices are determined on the 
basis of the conditions in the spot market of commodities. Therefore, 
we can say that spot prices are the foremost determinant of futures 
price (Reid, 1999). Chai and Guo (2009) examined the integration of 
five international stock index spot and futures prices, concluded that 
index spot and futures prices are integrated and short-run adjustments 
of spot and futures prices were helped to reach the long term 
equilibrium. On the contrary, analysis on spot and futures prices of 
two of the Australian electricity regions in the National Electricity 
Market has shown that there is no long-run relationship between spot 
and futures prices of electricity market (Worthington and Helen, 
2004). Floros and Dimitrios (2007) investigated the lead lag 
relationship between futures and spot market of stock index of 
Greece. In line with similar findings of other literatures, his empirical 
analysis confirmed that futures market play a price discovery role 
implying that futures prices contain useful information about spot 
prices. Most researchers found out that price information flows from 
futures to spot market in many cases and futures market reacts first 
compared to spot market. Silvapulle and Imad (1999) investigated the 
relationship between spot and futures prices of crude oil using a 
sample of daily data. The results suggested that both spot and futures 
markets react simultaneously to new information. But Kazmi (2000) 
argued that high speculation and price manipulation in the futures 
market leads to non convergence of futures and spot markets. 
Relationship between spot and futures markets of agricultural 
commodities is still a debating issue. Developing spot market along 
with futures market and ensuring higher participation of farmers in the 
futures market is essential to integrate the futures and spot market of 
agricultural commodities (Srinivasan, 2008). On the other hand, 
Shawky et.al (2003) argued that effective hedging in the futures 
market leads to the convergence of spot and futures market of 
commodities. A positive correlation between spot and futures prices of 
soy oil was found in the Indian market, shows that over a period of 
time the difference between two prices has reduced (Ranjan, 2005). 
Similarly, co-integration between spot and futures prices was found 
for pepper, mustard and gur for all contracts while co-movement 
existed for few contracts of potato, sacking and castorseed (Lokare, 
2007). Recently, an analysis on pepper in the Cochin market has 
shown that futures price influences spot price and not vice versa, 
providing that price formation process at the spot market is based on 
futures prices (Raveendran etal, 2009). Similarly Bhardwaj and 
Vasisht (2009) investigated the integration of futures and spot market 
of gram. The co-integration technique was used to analyze the 
integration of futures and spot markets and the lead lag relationship 
between these two market prices. The result has shown that spot and 
futures prices were cointegrated and unidirectional granger causality 
were found from futures to spot markets of gram. In nutshell, from the 
above literature review, it is clear that there is no unique experience in 
terms of the integration of futures and spot markets for different 
commodities. This is very true for the agricultural commodities.

1.2 Price Volatility

Arguments against agricultural trade liberalization are mainly 
based on the imperfect nature of world agricultural markets and 
higher volatility of agricultural prices in international markets 
(Clairmont and Cavanagh, 1988; Gill and Brar, 1996; Sekhar, 2003a). 
The international price volatility is also transmits to the domestic 
commodity markets mainly in the developing countries. Sekhar 
(2004) argued that inter-year price volatility was less and intra-year 
price volatility was high in domestic markets compared to 
international markets and suggested that intra-year price volatility is 
an appropriate method of variability since it is taking into account the 
short-run price fluctuations. Apart from these literatures on 
international and domestic price volatility, studies have also examined 
spot and futures price volatility and price transmission from spot to 
futures market and vice versa. Analysis on transmission of prices and 
price volatility between the Australian electricity spot and futures 
markets during the period 1999 to 2001 have shown that transfer of 
information from futures to spot markets is high and persistent 
(Worthington and Helen, 2002).
In the Indian context, most work has focused on the impact of futures 
trading on spot market price volatility.  In this, many studies 
compared spot market volatility before and after introduction of 
futures trading while some of them have investigated the impact of 
futures activity ( futures prices, volume of trade in the futures market, 
transaction cost etc) on spot market price volatilities. Kamara (1982) 
compared cash market volatility before and after the introduction of 
futures trading and concluded that introduction of commodity futures 
trading has reduced cash price volatility. Singh (2004) investigated the 
Hessian cash price volatility before and after the introduction of 
futures trading, revealed that cash price volatility is less pronounced 
after 1992, when futures trade was allowed for the Hessian market. 
On the other hand, Yang et al (2005) examined the lead-lag 
relationship between futures trading activity and cash price volatility 
for major agricultural commodities. His analysis of Granger causality 
tests and generalized forecast error variance decompositions showed 
that an unexpected and unidirectional increase in futures trading 
volume drove cash price volatility up. A similar argument was 
suggested by Slade and Henry (2004) that there is a positive 
relationship between trading volume and volatility of spot prices.
Similarly, Ranjan (2005) has analyzed soy oil futures in Indian market 
and shown that futures trading were effective in reducing seasonal 
price volatilities but did not bring down daily price volatilities 
significantly. While, Sahi (2006) found out that nature of volatility did 
not change with the introduction of futures trading in wheat, turmeric, 
sugar, cotton, raw jute and soy oil. Nevertheless, a weak destabilizing 
effect of futures on spot prices was found in case of wheat and raw 
jute. But price volatility has decreased after the futures trading in the 
case of wheat, sugar, chana and maize (Sabnavis and Shilpa, 2007)13.  
Also the effect of introduction of futures trading on spot prices of 
pulses shows that volatilities of urad, gram and wheat prices were 
higher during the period of futures trading than the period prior to 
introduction and after the ban of futures contracts on these 
commodities (Nath and Tulsi, 2008)14. 
As discussed, a much debated issue in literature is whether or not spot 
prices are driven by futures prices or vice-versa. This has been a fairly 
controversial issue in India as there was a belief that prices of 
commodities had gone up on account of futures trading. Theoretically, 
futures prices have been defined as spot prices plus cost of carry. 
Futures price also reflect the expectations of production and hence 
supply flows. Spot prices on the other hand are dependent on actual 
demand-supply balances in the country and hence are quite divorced 
from the futures markets (Sabnavis and Shilpa, 2007). Evidence also 
suggests that for the seasonally produced and storable commodities, 
futures market has helped to stabilize production, thereby reducing the 
variability of seasonal price fluctuations. 
It is pointed out that spot price fluctuation happens due to excessive 
speculation in the futures market, which spoils spot market prices and 
creates supply uncertainty. Newman (2009) has argued that increase in 
speculative activities by both physical commodity trading and non-
physical commodity trading actors on derivative markets have led to 
heightened volatility in derivative prices and the short term 
fluctuations in derivative prices are increasingly transmitted to 
physical markets owing to the increase in participation of physical 
commodity trading actors on derivative markets for hedging purposes, 
and the resulting importance of derivative prices in determining prices 
on physical markets. An analysis of futures trading in Mentha oil has 
also suggested that excessive speculative interests has led to spurious 
price discovery and distortion in spot prices of Mentha oil 
(Sahadevan, 2008)15. But in the wake of consistent rise of inflation 
during the first quarter of 2007, Expert Committee (2008) was set and 
studied in detail the role of futures trading on the wholesale and retail 
prices of agricultural commodities in India. The analysis of 21 
agricultural commodities shown that the annual trend growth rate in 
prices (using both monthly and weekly data) was higher in the post 
futures period in 14 commodities viz. chana, pepper, jeera, urad, 
chillies, wheat, sugar, tur, raw cotton, rubber, cardamom, maize, raw 
jute and rice and lower in 7 commodities viz. soy oil, soy bean, rape 
seed/mustard seed, potato, turmeric, castor seed and gur. But this 
committee was also inconclusive on the relationship between futures 
and spot markets of agricultural commodities. Recently, Bhardwaj and 
Vasisht (2009) analyzed the integration of futures and spot market of 
gram. The result shows that price series of gram crop witnessed 
persistence and asymmetry in volatility of prices both in spot and 
futures market. The granger test direct unidirectional granger causality 
from futures to spot markets of gram and futures market price 
volatility is greater than that of the spot market.
Though, many of the studies analyzed integration of spot and futures 
markets and their causal relationships towards long run and shot run 
equilibrium and impact on spot market price volatility, none of them 
analyzed volatility in relation to the integration of spot and futures 
markets. Also, existing literature shows that the impact of futures 
market on spot market price volatility is different. The question is 
whether spot and futures market integration ensures price stability in 
both the markets. This paper analyses the nature of price volatility in 
two markets in relation to the integration of markets and addresses the 
question of whether price discovery ensures price stability. 

2. DATA AND METHODOLOGY

The crops such as guarseed, chana, pepper, rubber, mustard seed 
and refreshed soyiol has been taken for analysis. The selection of 
these crops is based on their highest share in futures trading of 
agricultural commodities in National Commodity Derivative 
Exchange (NCDEX)16.  The daily close price data on futures prices of 
these crops collected from NCDEX, India are used here. While daily 
data on spot prices are collected from both NCDEX and Multi-
Commodity Exchange (MCX)17. The data are adjusted for dates due to 
holidays for both the price series and we have used natural logarithms 
of daily spot and futures price series to minimize the hetroscedasticity 
in the values of level series. The details of data used and descriptive 
statistics are given in table 1 and 2 respectively.

The mean futures price of guarseed is higher than mean spot 
price implies futures price is higher than spot prices. This may be 
because of high outliers in the guarseed futures price compared to spot 
price. Also variation is very high (coefficient of variation of 48.9 
percent) in guarseed futures prices compared to spot prices 
(coefficient of variation of 9.9 percent). While in the case of chana the 
mean futures and spot prices are identical and there is not much 
variation in the spot and futures prices. This trend may be because of 
more flow of information from one market to other market. Pepper 
has a slight high average futures price and price variation compared to 
spot price. While in the case of rubber average spot price is higher 
than futures price but variation is high in the future price. Mustard 
seed and refreshed soyiol shows identical average spot and futures 
price and same variation in both futures and spot prices. From this, it 
is clear that spot and futures prices are moving in a same pattern and 
futures price is leading, volatile in nature compared to spot prices in 
most cases (table 2).

3. EMPIRICAL ANALYSIS

Existing studies have extensively used Co-integration analysis, 
Error correction model and Generalized Autoregressive Conditional 
Hetroscedasticiy (GARCH) models for estimating long-run 
relationship between spot and futures market prices and volatility 
analysis respectively18. Co-integration analysis reveals the extent to 
which two markets move together towards long run equilibrium.  It 
also allows for divergence of respective markets from long-run 
equilibrium in the short run (Schreiber and Robert, 1986). The error 
correction model explains the extent to which different markets play 
their role in correcting the equilibrium in the short-run. The GARCH 
model is generally used to estimate the time varying volatility in the 
variable. In order to analyze price discovery and spot and futures 
markets integration of the selected commodities, this study employs 
co-integration and error correction model.
The relationships between spot and futures markets are well 
established in the literature. When the futures and spot market are co-
integrated, they are expected to return to long run equilibrium after 
possible short run adjustment. The precondition for co-integration 
analysis is the non-stationarity check since time series economic 
variables are generally non-stationary and conventional tests are not 
valid in such situations (Dickey and Fuller, 1979).  The Augmented 
Dickey Fuller (ADF) and Phillips-Perron (PP) unit root tests have 
been used to examine the stationarity of spot and futures prices. 

3.1 Unit Root Test

The null hypothesis of a unit root or non-stationarity has not 
been rejected for the spot and futures prices for all the commodities 
under study. These series are found to be stationary in first 
differencing (table 3). The same order of integration for both spot and 
futures prices reveals that there exists a long run price equilibrium 
relationship between these prices and thus co-integration could be 
established for the two markets19. 
Therefore, there is a consensus that price change in one market 
(futures or spot commodity market) generating price change in the 
other market (futures or spot commodity market) with a view to bring 
a long run equilibrium relation is :

Equation (1) can be expressed as in the residual form as:

Where and are futures and spot price of same commodity in the 
respective markets at time t. Both and are intercept and coefficient 
terms, where as is estimated white noise disturbance term. The main 
advantage of co-integration is that each series can be represented by 
an error correction model which includes last periods equilibrium 
error with adding intercept term as well as lagged values of first 
difference of each variable. Therefore, casual relationship can be 
gauged by examining the statistical significance and relative 
magnitude of the error correction coefficient and coefficient on lagged 
variable. Hence, the error correction model is:

In the above two equations, the first part () is the equilibrium 
error which measures how the dependent variable in one equation 
adjusts to the previous periods deviation that arises from long run 
equilibrium. The remaining part of the equation is lagged first 
difference which represents the short run effect of previous periods 
change in price on current periods deviation. The coefficients of the 
equilibrium error,  a

f 
and a

s
, are the speed of adjustment coefficients 

in future and spot commodity markets that claim significant 
implication in an error correction model. At least one coefficient must 
be non zero for the model to be an error correction model (ECM). The 
coefficient acts as an evidence of direction of casual relation and 
reveals the speed at which discrepancy from equilibrium is corrected 
or minimized.  If a

f 
is statistically insignificant, the current periods 

change in future prices does not respond to last periods deviation from 
long run equilibrium. If  a

f 
and b

f
 both are statistically insignificant; 

the spot price does not Granger cause futures price. The justification 
of estimating ECM is to know which sample markets play a crucial 
role in the price discovery process.

3.2 Co-integration Analysis

The co-integration results of trace test and Maximum Eigen test 
are provided in table 4 and 5.  The null hypothesis of no co-
integrating vector (r=0) can be rejected for chana, pepper, rubber, 
mustard seed and refreshed soy oil as the trace statistics are higher 
than the critical values at 5 per cent level. Thus, the co-integration 
result found to be significant for chana, pepper, rubber, mustard seed 
and refreshed soy oil and no co-integrating relationship is found for 
guarseed. This means that the long run relation between prices exists 
for commodities except guar seed.

The lead lag relationship between spot and futures market prices 
was also examined using Granger causality as the same was not 
available in co-integration analysis. Granger (1969) approach to the 
question of whether X causes Y is to see how much of the current Y 
can be explained by past values of Y and then to see whether adding 
lagged values of X can improve the explanation. Y is said to be 
Granger caused by X if X helps in the prediction of Y, or equivalently 
if the coefficients on the lagged Xs statistically significant. The two 
way causation is frequently the case; X Granger causes Y and Y 
Granger causes X. it is important to note that X Granger causes Y 
does not imply Y is the effect or result of X. Granger causality 
measures precedence and information content but does not by itself 
indicate causality.

The result of Granger test detects unidirectional Granger 
causality from futures to spot markets for pepper, mustard seed and 
refreshed soy oil and spot to futures markets for rubber. Bidirectional 
Granger Causality was found in case of chana and no Granger 
causality was found in the case of guarseed (table 6). 

3.3 Results of Error Correction Model

The error correction model was applied to determine the effects 
of shocks in the short run and long run equilibrium. This model also 
allows for the short run shocks and estimates the degree of 
convergence towards the long run relationship. The result however 
confirms the presence of long run relationship between the price series 
as the error correction coefficient of at least one variable was 
significant for all the commodities (table 7). The coefficient of error 
correction term was positive and significant in the case of spot market 
equation for chana, pepper, rubber, mustard seed and refreshed soy 
oil. This implies that spot prices are stable in the long run for these 
commodities though they are volatile in the short run. But the error 
correction coefficient is negative and significant in the case of futures 
market equation for guar seed, implies futures prices are stable in the 
long run.  The coefficient of error equilibrium is -0.016 in future 
market equation for pepper indicates that when the average futures 
price was too high, it immediately falls back toward spot price. This 
means that futures price corrects to its previous periods dis-
equilibrium by 1.6 percent. Similar explanations apply to error 
correction coefficients of spot and futures markets of all commodities. 
Broadly, the results indicate the existence of long run relationship 
between spot and futures prices and the adjustment towards 
equilibrium is made by the spot prices, though price signals flows 
from futures to spot markets.

3.4 Price Volatility

The volatility (Coefficient of variation is used) analysis of 
commodities shows that futures market volatility is higher than spot 
market volatility for guar seed, pepper, rubber, mustard seed and spot 
market volatility is higher than futures market for chana and refreshed 
soy oil (table 2). Volatility in futures price is very high (Coefficient of 
Variation, 49 %) compared to spot prices (Coefficient of Variation, 10 
%) of guar seed.  Though, futures market volatility is higher than spot 
market volatility, the differences in volatilities between the two 
markets are low for all commodities.  This indicates that spot market 
is also volatile though price signals flows from futures to spot market. 
This also shows that volatility in one market is related to the other 
market since both the markets are related each other and moving in a 
same pattern. Coefficient of variation does not explain time varying 
volatility in the price series. Hence the volatility analysis based on 
coefficient of variation has limitations. Existing studies have largely 
used GARCH extension models to measure volatilities in spot and 
futures prices. The extension models are not attempted in this paper.

4. CONCLUSION

This study has employed co-integration and error correction 
model to analyze the price discovery and integration of spot and 
futures markets of the selected commodities. The Augmented Dickey 
Fuller and Phillips-Perron unit root tests have been used to examine 
the stationarity of spot and futures prices. The null hypothesis of a 
unit root or non-stationarity has not been rejected for the spot and 
futures prices for all the commodities under study. These series are 
found to be stationary in first differencing. The same order of 
integration for both spot and futures prices reveals that there exists a 
long run price equilibrium relationship between these prices and thus 
co-integration could be established for the two markets.
The co-integration result found to be significant for chana, pepper, 
rubber, mustard seed and refreshed soy oil and no co-integrating 
relationship is found for guarseed. This means that the long run 
relation between prices exists for commodities except guar seed. The 
result of Granger test detects unidirectional Granger causality from 
futures to spot markets for pepper, mustard seed and refreshed soy oil 
and spot to futures markets for rubber. Bidirectional Granger 
Causality was found in case of chana and no Granger causality was 
found in the case of guarseed.

Coefficient of variation analysis shows that futures market price 
volatility is higher than spot market for guar seed, pepper, rubber, 
mustard seed and spot market price volatility is higher than futures 
market for chana and refreshed soyoil. Even though, price change in 
futures market is higher than spot market, differences in price changes 
between the two markets are low. This indicates that spot market is 
volatile since price signals flows from futures to spot market in most 
case. The volatility in the futures prices may be induced by the 
speculative nature of the futures markets and hence spot market also 
volatile. The results also show that integrated spot and futures market 
does not bring stability in spot and futures market prices. From this 
we can say that integration of the two markets provides only price 
discovery and not price stability. This analysis suggests the need for 
exploring different mechanisms through which the futures and spot 
markets are integrated. This will contribute to the inconclusive debate 
on the relationship between spot and futures markets.

NOTES

1 Futures markets serve two important functions such as price discovery 
and risk management. In general, futures prices reflect the collective expectations 
of market agents about prospective demand and supply of commodities at maturity 
of futures contract. Since the futures prices are a reflection of futures demand and 
supply conditions of markets, they provide market signals to the farmers for 
deciding the appropriate cropping pattern. Through hedging, farmers can mitigate 
the price risk that they may face in the spot market with volatile prices  Elumalai 
et al (2009).

2 Singh (2004), Ranjan (2005), Karande (2006) etc.

3 Nath &Lingareddy (2008, Coble and Knight (2001) Yang, Balyeat 
&Leatham (2005) etc.

4 Elumalai et.al (2009)

5 Mattos and Garcia (2004)

6 In the recent past (end of 2007), when the prices of essential 
commodities were gone up, the government of India banned few commodities 
from the futures trading list. 

7 After the Indian economy embarked upon the process of liberalization 
and globalization in 1990, the government set up a committee in 1993 to examine 
the role of futures trading. The committee (headed by Prof. K.N. Kabra) 
recommended futures trading in 17 commodity groups. It also recommended 
strengthening of the Forward Markets Commission and certain amendments to 
Forward Contracts Act (1952) particularly allowing options trading in goods and 
registration of brokers with Forward Market commission 

8 The three major national exchanges are Multi Commodity Exchange 
(MCX), National Commodity Derivative Exchange (NCDEX) and National Multi 
Commodity Exchange (NMCE).  Futures contracts are available for major 
agricultural commodities, metals and energy. The total value of trades in the 
commodity futures market rose from Rs.50.34 lakh crore in 2008 to Rs. 70.90 lakh 
crore during 2009 (Economic Survey, 2009-10).

9 Singh (2004), Nath &Lingareddy (2008), Hazell et.al, (1986), Coble 
and Knight (2001), Yang, Balyeat & Leatham (2005), Ranjan (2005), Mattos and 
Garcia (2004) and Elumalai et al (2009). 

10 Nath &Lingareddy (2008), Yang, Balyeat & Leatham (2005), Karande 
(2006), Expert Committee (2008) Elumalai et al (2009) and Bhardwaj and Vasisht 
(2009).
11 If the two markets are integrated, price changes in one of the markets 
should be completely explained by price changes in the other market. 

12 The external factors like exchange rate, demand and supply factors also 
affect the prices. 

13 Annual average price volatility for 2001-04 and 2004-06 has been used 
by this study.

14 The government has ordered for delisting of futures contracts in 
agricultural commodities like urad, tur, wheat and rice in early 2007 with a 
suspicion that futures trading in these commodities had been contributing for the 
rise in their domestic spot prices. 

15 The sample survey carried out among the farmers in the major mentha 
growing districts in Uttar Pradesh, Moradabad, Rampur and Barabanki revealed 
that farmers participation was very low, out of thirty samples, seven are found to 
be aware of the market. 

16 NCDEX is a leading commodity exchange in India.  Soy oil, guarseed, 
pepper, chana and mustard seed accounts highest share to the total share of 
agricultural trading during 2007-08. While rubber has constant share in the total 
trade volume from the period 2004-05 to 2007-08. See appendix table.

17 MCX and NCDEX are the leading commodity exchanges in India. The 
spot and futures prices for guarseed, chana, rubber, pepper are in Rupees per 100 
kg and mustard seed is in Rupees per 20kg and Rupees per 10 kg for refreshed soy 
oil.

18 Johansen, (1991), Karande (2006), Jha (2009), Elumalai et.al (2009).

19 The estimation procedure was based on the methodology developed by 
Johansen (1991) and Johansen (1995).
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Spot and Futures Markets of Agricultural 
Commodities in India: Analysis of Price 

Integration and Volatility

ABSTRACT

This paper deals with spot and futures price volatility of 
selected agricultural crops by analyzing their market 
integration. This helps us to understand whether spot and 
futures market integration explains price stability in both the 
markets of commodities and their similarities and differences 
across crops. The co-integration result found to be significant 
for chana, pepper, rubber, mustard seed and refreshed soy oil 
and no co-integrating relationship is found for guarseed. This 
means that the long run relation between prices exists for 
commodities except guar seed. The result of Granger test 
detects unidirectional Granger causality from futures to spot 
markets for pepper, mustard seed and refreshed soy oil and 
spot to futures markets for rubber. Bidirectional Granger 
causality was found in case of chana and no Granger causality 
was found in the case of guarseed. Volatility (Coefficient of 
variation is used) analysis of commodity prices show that 
futures market price volatility is higher than spot market for 
guar seed, pepper, rubber, mustard seed and spot market price 
volatility is higher than futures market for chana and refreshed 
soyoil. 

Keywords: Price volatility, Market integration, Futures 
trading, Agriculture, India

INTRODUCTION

Though commodity futures markets are considered as risk 
sharing mechanisms by which commodity producers can hedge their 
price risk1, its relationship with spot markets and benefits to 
commodity producers are intensely debated.  In India, there exist 
contesting views on the relationship between spot and futures markets 
of agricultural commodities.  A set of studies argue that futures market 
reduces spot market price volatility2 while other set of studies opposes 
this view3. The argument that futures trading affects spot markets by 
increasing price volatility in spot market is based on the assumption 
that futures markets are thin and spot traders tend to follow price 
signals from futures markets4. It is also argued that futures market is 
dominated by speculative interests driving the prices away from 
underlying fundamentals in the spot market (Sahadevan, 2008).  
Speculation in the futures market and its destabilizing effect on spot 
market has also often led to government intervention to ensure 
effective functioning of commodity derivatives across the world5. This 
has also happened in the Indian context where ban of agricultural 
commodities from futures trading has taken place many times because 
of the belief that it leads to inflation6. Though, the history of 
commodity futures markets in India goes back to the nineteenth 
century (Cotton Trade Association started futures trading in 1875 in 
Bombay), futures trading under the current liberalized regime were 
allowed in 1993 with the recommendations of Kabra committee7. The 
policy with respect to futures trading had undergone a sea change 
afterwards from banning of trading to setting up of National 
Commodity Exchanges since 2002 using modern practices such as 
electronic trading and clearing. At present, India has three national 
exchanges and about twenty three regional exchanges trading many 
agricultural and non-agricultural commodities8. The government had 
set up Forward Market Commission (FMC) to regulate the commodity 
futures trading and the commodity exchanges are under the control of 
FMC.  
A number of studies addressed the impact of futures trading on 
agricultural commodity spot prices.9 Those studies, however, do not 
provide a conclusive explanation for the effects of futures trading on 
spot prices and relationship between futures and spot prices of 
commodities. The inconclusive debate on futures and spot price 
relations continue in the literature. It is evident from the literature 
survey that futures and spot markets of majority of agricultural 
commodities are integrated and spot and futures market prices are 
highly volatile in nature10. In this context, this paper explains spot and 
futures price volatility and the market integration of selected 
agricultural crops after the introduction of futures contracts. This will 
help us to understand whether spot and futures market integration 
explains the price stability in both the markets of commodities and 
their similarities and differences.
The paper is organized as follows. The following section gives review 
on market integration and price volatility. Section two explains data 
and methodology used in this study. The third section presents 
empirical results and final section draws inferences from the analysis.

1. LITERATURE REVIEW

In this section, we review literature on market integration and 
price volatility. The market integration literature talks about the 
integration of markets in general and integration of spot and futures 
markets in particular. Secondly, we discuss about the empirical 
literature on futures trading and its impact on spot market volatility. 

1.1 Integration of Markets

A vast number of studies deal with global market integration and 
explained price differentials in different markets and their 
relationship. Jain (1981) measured the integration of world 
commodity markets by analysing price movements in commodity 
markets to determine whether the price changes in one market are 
equal to price changes in other market. He argued that integration of 
commodity markets implies the existence of the law of one price11. 
The law of one price argument is also used to test commodities traded 
in futures markets in different countries and hold the view that law of 
one price tend to be commodity specific rather than due to external 
factors (Protopapadakis and Hans, 1983)12. The differences in trading 
systems in different markets can also lead to different degrees of 
market integration (Kempf and Olaf, 1985). Market integration 
becomes important when we discuss price discovery mechanism in 
different markets. A widely held argument is that perfectly integrated 
markets can lead to better price discovery among the markets. 
Alphonse (2000) has shown that information arrivals in the futures 
market have led to efficient price discovery in French stock index 
cash market. Similarly, price series of wheat traded in China 
Zhengzhou Commodity Exchange (CZCE) and Chicago Board of 
Trade (CBOT) are found to be interrelated, asymmetric not 
cointegrated, where CBOT holds a dominant position in the 
interactions while CZCE is a follower (Du, 2004).  
Apart from these literatures on integration of different markets, link 
between spot and futures markets have been widely discussed. In this, 
most studies are devoted to analyze integration of stock index of spot 
and futures markets across the world. The extent to which two 
markets influence each other depends on the level of integration of 
two markets. The prices are mostly interdependent: the futures 
markets give signal to spot market on the direction in which prices 
will move in the future and the futures prices are determined on the 
basis of the conditions in the spot market of commodities. Therefore, 
we can say that spot prices are the foremost determinant of futures 
price (Reid, 1999). Chai and Guo (2009) examined the integration of 
five international stock index spot and futures prices, concluded that 
index spot and futures prices are integrated and short-run adjustments 
of spot and futures prices were helped to reach the long term 
equilibrium. On the contrary, analysis on spot and futures prices of 
two of the Australian electricity regions in the National Electricity 
Market has shown that there is no long-run relationship between spot 
and futures prices of electricity market (Worthington and Helen, 
2004). Floros and Dimitrios (2007) investigated the lead lag 
relationship between futures and spot market of stock index of 
Greece. In line with similar findings of other literatures, his empirical 
analysis confirmed that futures market play a price discovery role 
implying that futures prices contain useful information about spot 
prices. Most researchers found out that price information flows from 
futures to spot market in many cases and futures market reacts first 
compared to spot market. Silvapulle and Imad (1999) investigated the 
relationship between spot and futures prices of crude oil using a 
sample of daily data. The results suggested that both spot and futures 
markets react simultaneously to new information. But Kazmi (2000) 
argued that high speculation and price manipulation in the futures 
market leads to non convergence of futures and spot markets. 
Relationship between spot and futures markets of agricultural 
commodities is still a debating issue. Developing spot market along 
with futures market and ensuring higher participation of farmers in the 
futures market is essential to integrate the futures and spot market of 
agricultural commodities (Srinivasan, 2008). On the other hand, 
Shawky et.al (2003) argued that effective hedging in the futures 
market leads to the convergence of spot and futures market of 
commodities. A positive correlation between spot and futures prices of 
soy oil was found in the Indian market, shows that over a period of 
time the difference between two prices has reduced (Ranjan, 2005). 
Similarly, co-integration between spot and futures prices was found 
for pepper, mustard and gur for all contracts while co-movement 
existed for few contracts of potato, sacking and castorseed (Lokare, 
2007). Recently, an analysis on pepper in the Cochin market has 
shown that futures price influences spot price and not vice versa, 
providing that price formation process at the spot market is based on 
futures prices (Raveendran etal, 2009). Similarly Bhardwaj and 
Vasisht (2009) investigated the integration of futures and spot market 
of gram. The co-integration technique was used to analyze the 
integration of futures and spot markets and the lead lag relationship 
between these two market prices. The result has shown that spot and 
futures prices were cointegrated and unidirectional granger causality 
were found from futures to spot markets of gram. In nutshell, from the 
above literature review, it is clear that there is no unique experience in 
terms of the integration of futures and spot markets for different 
commodities. This is very true for the agricultural commodities.

1.2 Price Volatility

Arguments against agricultural trade liberalization are mainly 
based on the imperfect nature of world agricultural markets and 
higher volatility of agricultural prices in international markets 
(Clairmont and Cavanagh, 1988; Gill and Brar, 1996; Sekhar, 2003a). 
The international price volatility is also transmits to the domestic 
commodity markets mainly in the developing countries. Sekhar 
(2004) argued that inter-year price volatility was less and intra-year 
price volatility was high in domestic markets compared to 
international markets and suggested that intra-year price volatility is 
an appropriate method of variability since it is taking into account the 
short-run price fluctuations. Apart from these literatures on 
international and domestic price volatility, studies have also examined 
spot and futures price volatility and price transmission from spot to 
futures market and vice versa. Analysis on transmission of prices and 
price volatility between the Australian electricity spot and futures 
markets during the period 1999 to 2001 have shown that transfer of 
information from futures to spot markets is high and persistent 
(Worthington and Helen, 2002).
In the Indian context, most work has focused on the impact of futures 
trading on spot market price volatility.  In this, many studies 
compared spot market volatility before and after introduction of 
futures trading while some of them have investigated the impact of 
futures activity ( futures prices, volume of trade in the futures market, 
transaction cost etc) on spot market price volatilities. Kamara (1982) 
compared cash market volatility before and after the introduction of 
futures trading and concluded that introduction of commodity futures 
trading has reduced cash price volatility. Singh (2004) investigated the 
Hessian cash price volatility before and after the introduction of 
futures trading, revealed that cash price volatility is less pronounced 
after 1992, when futures trade was allowed for the Hessian market. 
On the other hand, Yang et al (2005) examined the lead-lag 
relationship between futures trading activity and cash price volatility 
for major agricultural commodities. His analysis of Granger causality 
tests and generalized forecast error variance decompositions showed 
that an unexpected and unidirectional increase in futures trading 
volume drove cash price volatility up. A similar argument was 
suggested by Slade and Henry (2004) that there is a positive 
relationship between trading volume and volatility of spot prices.
Similarly, Ranjan (2005) has analyzed soy oil futures in Indian market 
and shown that futures trading were effective in reducing seasonal 
price volatilities but did not bring down daily price volatilities 
significantly. While, Sahi (2006) found out that nature of volatility did 
not change with the introduction of futures trading in wheat, turmeric, 
sugar, cotton, raw jute and soy oil. Nevertheless, a weak destabilizing 
effect of futures on spot prices was found in case of wheat and raw 
jute. But price volatility has decreased after the futures trading in the 
case of wheat, sugar, chana and maize (Sabnavis and Shilpa, 2007)13.  
Also the effect of introduction of futures trading on spot prices of 
pulses shows that volatilities of urad, gram and wheat prices were 
higher during the period of futures trading than the period prior to 
introduction and after the ban of futures contracts on these 
commodities (Nath and Tulsi, 2008)14. 
As discussed, a much debated issue in literature is whether or not spot 
prices are driven by futures prices or vice-versa. This has been a fairly 
controversial issue in India as there was a belief that prices of 
commodities had gone up on account of futures trading. Theoretically, 
futures prices have been defined as spot prices plus cost of carry. 
Futures price also reflect the expectations of production and hence 
supply flows. Spot prices on the other hand are dependent on actual 
demand-supply balances in the country and hence are quite divorced 
from the futures markets (Sabnavis and Shilpa, 2007). Evidence also 
suggests that for the seasonally produced and storable commodities, 
futures market has helped to stabilize production, thereby reducing the 
variability of seasonal price fluctuations. 
It is pointed out that spot price fluctuation happens due to excessive 
speculation in the futures market, which spoils spot market prices and 
creates supply uncertainty. Newman (2009) has argued that increase in 
speculative activities by both physical commodity trading and non-
physical commodity trading actors on derivative markets have led to 
heightened volatility in derivative prices and the short term 
fluctuations in derivative prices are increasingly transmitted to 
physical markets owing to the increase in participation of physical 
commodity trading actors on derivative markets for hedging purposes, 
and the resulting importance of derivative prices in determining prices 
on physical markets. An analysis of futures trading in Mentha oil has 
also suggested that excessive speculative interests has led to spurious 
price discovery and distortion in spot prices of Mentha oil 
(Sahadevan, 2008)15. But in the wake of consistent rise of inflation 
during the first quarter of 2007, Expert Committee (2008) was set and 
studied in detail the role of futures trading on the wholesale and retail 
prices of agricultural commodities in India. The analysis of 21 
agricultural commodities shown that the annual trend growth rate in 
prices (using both monthly and weekly data) was higher in the post 
futures period in 14 commodities viz. chana, pepper, jeera, urad, 
chillies, wheat, sugar, tur, raw cotton, rubber, cardamom, maize, raw 
jute and rice and lower in 7 commodities viz. soy oil, soy bean, rape 
seed/mustard seed, potato, turmeric, castor seed and gur. But this 
committee was also inconclusive on the relationship between futures 
and spot markets of agricultural commodities. Recently, Bhardwaj and 
Vasisht (2009) analyzed the integration of futures and spot market of 
gram. The result shows that price series of gram crop witnessed 
persistence and asymmetry in volatility of prices both in spot and 
futures market. The granger test direct unidirectional granger causality 
from futures to spot markets of gram and futures market price 
volatility is greater than that of the spot market.
Though, many of the studies analyzed integration of spot and futures 
markets and their causal relationships towards long run and shot run 
equilibrium and impact on spot market price volatility, none of them 
analyzed volatility in relation to the integration of spot and futures 
markets. Also, existing literature shows that the impact of futures 
market on spot market price volatility is different. The question is 
whether spot and futures market integration ensures price stability in 
both the markets. This paper analyses the nature of price volatility in 
two markets in relation to the integration of markets and addresses the 
question of whether price discovery ensures price stability. 

2. DATA AND METHODOLOGY

The crops such as guarseed, chana, pepper, rubber, mustard seed 
and refreshed soyiol has been taken for analysis. The selection of 
these crops is based on their highest share in futures trading of 
agricultural commodities in National Commodity Derivative 
Exchange (NCDEX)16.  The daily close price data on futures prices of 
these crops collected from NCDEX, India are used here. While daily 
data on spot prices are collected from both NCDEX and Multi-
Commodity Exchange (MCX)17. The data are adjusted for dates due to 
holidays for both the price series and we have used natural logarithms 
of daily spot and futures price series to minimize the hetroscedasticity 
in the values of level series. The details of data used and descriptive 
statistics are given in table 1 and 2 respectively.

The mean futures price of guarseed is higher than mean spot 
price implies futures price is higher than spot prices. This may be 
because of high outliers in the guarseed futures price compared to spot 
price. Also variation is very high (coefficient of variation of 48.9 
percent) in guarseed futures prices compared to spot prices 
(coefficient of variation of 9.9 percent). While in the case of chana the 
mean futures and spot prices are identical and there is not much 
variation in the spot and futures prices. This trend may be because of 
more flow of information from one market to other market. Pepper 
has a slight high average futures price and price variation compared to 
spot price. While in the case of rubber average spot price is higher 
than futures price but variation is high in the future price. Mustard 
seed and refreshed soyiol shows identical average spot and futures 
price and same variation in both futures and spot prices. From this, it 
is clear that spot and futures prices are moving in a same pattern and 
futures price is leading, volatile in nature compared to spot prices in 
most cases (table 2).

3. EMPIRICAL ANALYSIS

Existing studies have extensively used Co-integration analysis, 
Error correction model and Generalized Autoregressive Conditional 
Hetroscedasticiy (GARCH) models for estimating long-run 
relationship between spot and futures market prices and volatility 
analysis respectively18. Co-integration analysis reveals the extent to 
which two markets move together towards long run equilibrium.  It 
also allows for divergence of respective markets from long-run 
equilibrium in the short run (Schreiber and Robert, 1986). The error 
correction model explains the extent to which different markets play 
their role in correcting the equilibrium in the short-run. The GARCH 
model is generally used to estimate the time varying volatility in the 
variable. In order to analyze price discovery and spot and futures 
markets integration of the selected commodities, this study employs 
co-integration and error correction model.
The relationships between spot and futures markets are well 
established in the literature. When the futures and spot market are co-
integrated, they are expected to return to long run equilibrium after 
possible short run adjustment. The precondition for co-integration 
analysis is the non-stationarity check since time series economic 
variables are generally non-stationary and conventional tests are not 
valid in such situations (Dickey and Fuller, 1979).  The Augmented 
Dickey Fuller (ADF) and Phillips-Perron (PP) unit root tests have 
been used to examine the stationarity of spot and futures prices. 

3.1 Unit Root Test

The null hypothesis of a unit root or non-stationarity has not 
been rejected for the spot and futures prices for all the commodities 
under study. These series are found to be stationary in first 
differencing (table 3). The same order of integration for both spot and 
futures prices reveals that there exists a long run price equilibrium 
relationship between these prices and thus co-integration could be 
established for the two markets19. 
Therefore, there is a consensus that price change in one market 
(futures or spot commodity market) generating price change in the 
other market (futures or spot commodity market) with a view to bring 
a long run equilibrium relation is :

Equation (1) can be expressed as in the residual form as:

Where and are futures and spot price of same commodity in the 
respective markets at time t. Both and are intercept and coefficient 
terms, where as is estimated white noise disturbance term. The main 
advantage of co-integration is that each series can be represented by 
an error correction model which includes last periods equilibrium 
error with adding intercept term as well as lagged values of first 
difference of each variable. Therefore, casual relationship can be 
gauged by examining the statistical significance and relative 
magnitude of the error correction coefficient and coefficient on lagged 
variable. Hence, the error correction model is:

In the above two equations, the first part () is the equilibrium 
error which measures how the dependent variable in one equation 
adjusts to the previous periods deviation that arises from long run 
equilibrium. The remaining part of the equation is lagged first 
difference which represents the short run effect of previous periods 
change in price on current periods deviation. The coefficients of the 
equilibrium error,  a

f 
and a

s
, are the speed of adjustment coefficients 

in future and spot commodity markets that claim significant 
implication in an error correction model. At least one coefficient must 
be non zero for the model to be an error correction model (ECM). The 
coefficient acts as an evidence of direction of casual relation and 
reveals the speed at which discrepancy from equilibrium is corrected 
or minimized.  If a

f 
is statistically insignificant, the current periods 

change in future prices does not respond to last periods deviation from 
long run equilibrium. If  a

f 
and b

f
 both are statistically insignificant; 

the spot price does not Granger cause futures price. The justification 
of estimating ECM is to know which sample markets play a crucial 
role in the price discovery process.

3.2 Co-integration Analysis

The co-integration results of trace test and Maximum Eigen test 
are provided in table 4 and 5.  The null hypothesis of no co-
integrating vector (r=0) can be rejected for chana, pepper, rubber, 
mustard seed and refreshed soy oil as the trace statistics are higher 
than the critical values at 5 per cent level. Thus, the co-integration 
result found to be significant for chana, pepper, rubber, mustard seed 
and refreshed soy oil and no co-integrating relationship is found for 
guarseed. This means that the long run relation between prices exists 
for commodities except guar seed.

The lead lag relationship between spot and futures market prices 
was also examined using Granger causality as the same was not 
available in co-integration analysis. Granger (1969) approach to the 
question of whether X causes Y is to see how much of the current Y 
can be explained by past values of Y and then to see whether adding 
lagged values of X can improve the explanation. Y is said to be 
Granger caused by X if X helps in the prediction of Y, or equivalently 
if the coefficients on the lagged Xs statistically significant. The two 
way causation is frequently the case; X Granger causes Y and Y 
Granger causes X. it is important to note that X Granger causes Y 
does not imply Y is the effect or result of X. Granger causality 
measures precedence and information content but does not by itself 
indicate causality.

The result of Granger test detects unidirectional Granger 
causality from futures to spot markets for pepper, mustard seed and 
refreshed soy oil and spot to futures markets for rubber. Bidirectional 
Granger Causality was found in case of chana and no Granger 
causality was found in the case of guarseed (table 6). 

3.3 Results of Error Correction Model

The error correction model was applied to determine the effects 
of shocks in the short run and long run equilibrium. This model also 
allows for the short run shocks and estimates the degree of 
convergence towards the long run relationship. The result however 
confirms the presence of long run relationship between the price series 
as the error correction coefficient of at least one variable was 
significant for all the commodities (table 7). The coefficient of error 
correction term was positive and significant in the case of spot market 
equation for chana, pepper, rubber, mustard seed and refreshed soy 
oil. This implies that spot prices are stable in the long run for these 
commodities though they are volatile in the short run. But the error 
correction coefficient is negative and significant in the case of futures 
market equation for guar seed, implies futures prices are stable in the 
long run.  The coefficient of error equilibrium is -0.016 in future 
market equation for pepper indicates that when the average futures 
price was too high, it immediately falls back toward spot price. This 
means that futures price corrects to its previous periods dis-
equilibrium by 1.6 percent. Similar explanations apply to error 
correction coefficients of spot and futures markets of all commodities. 
Broadly, the results indicate the existence of long run relationship 
between spot and futures prices and the adjustment towards 
equilibrium is made by the spot prices, though price signals flows 
from futures to spot markets.

3.4 Price Volatility

The volatility (Coefficient of variation is used) analysis of 
commodities shows that futures market volatility is higher than spot 
market volatility for guar seed, pepper, rubber, mustard seed and spot 
market volatility is higher than futures market for chana and refreshed 
soy oil (table 2). Volatility in futures price is very high (Coefficient of 
Variation, 49 %) compared to spot prices (Coefficient of Variation, 10 
%) of guar seed.  Though, futures market volatility is higher than spot 
market volatility, the differences in volatilities between the two 
markets are low for all commodities.  This indicates that spot market 
is also volatile though price signals flows from futures to spot market. 
This also shows that volatility in one market is related to the other 
market since both the markets are related each other and moving in a 
same pattern. Coefficient of variation does not explain time varying 
volatility in the price series. Hence the volatility analysis based on 
coefficient of variation has limitations. Existing studies have largely 
used GARCH extension models to measure volatilities in spot and 
futures prices. The extension models are not attempted in this paper.

4. CONCLUSION

This study has employed co-integration and error correction 
model to analyze the price discovery and integration of spot and 
futures markets of the selected commodities. The Augmented Dickey 
Fuller and Phillips-Perron unit root tests have been used to examine 
the stationarity of spot and futures prices. The null hypothesis of a 
unit root or non-stationarity has not been rejected for the spot and 
futures prices for all the commodities under study. These series are 
found to be stationary in first differencing. The same order of 
integration for both spot and futures prices reveals that there exists a 
long run price equilibrium relationship between these prices and thus 
co-integration could be established for the two markets.
The co-integration result found to be significant for chana, pepper, 
rubber, mustard seed and refreshed soy oil and no co-integrating 
relationship is found for guarseed. This means that the long run 
relation between prices exists for commodities except guar seed. The 
result of Granger test detects unidirectional Granger causality from 
futures to spot markets for pepper, mustard seed and refreshed soy oil 
and spot to futures markets for rubber. Bidirectional Granger 
Causality was found in case of chana and no Granger causality was 
found in the case of guarseed.

Coefficient of variation analysis shows that futures market price 
volatility is higher than spot market for guar seed, pepper, rubber, 
mustard seed and spot market price volatility is higher than futures 
market for chana and refreshed soyoil. Even though, price change in 
futures market is higher than spot market, differences in price changes 
between the two markets are low. This indicates that spot market is 
volatile since price signals flows from futures to spot market in most 
case. The volatility in the futures prices may be induced by the 
speculative nature of the futures markets and hence spot market also 
volatile. The results also show that integrated spot and futures market 
does not bring stability in spot and futures market prices. From this 
we can say that integration of the two markets provides only price 
discovery and not price stability. This analysis suggests the need for 
exploring different mechanisms through which the futures and spot 
markets are integrated. This will contribute to the inconclusive debate 
on the relationship between spot and futures markets.

NOTES

1 Futures markets serve two important functions such as price discovery 
and risk management. In general, futures prices reflect the collective expectations 
of market agents about prospective demand and supply of commodities at maturity 
of futures contract. Since the futures prices are a reflection of futures demand and 
supply conditions of markets, they provide market signals to the farmers for 
deciding the appropriate cropping pattern. Through hedging, farmers can mitigate 
the price risk that they may face in the spot market with volatile prices  Elumalai 
et al (2009).

2 Singh (2004), Ranjan (2005), Karande (2006) etc.

3 Nath &Lingareddy (2008, Coble and Knight (2001) Yang, Balyeat 
&Leatham (2005) etc.

4 Elumalai et.al (2009)

5 Mattos and Garcia (2004)

6 In the recent past (end of 2007), when the prices of essential 
commodities were gone up, the government of India banned few commodities 
from the futures trading list. 

7 After the Indian economy embarked upon the process of liberalization 
and globalization in 1990, the government set up a committee in 1993 to examine 
the role of futures trading. The committee (headed by Prof. K.N. Kabra) 
recommended futures trading in 17 commodity groups. It also recommended 
strengthening of the Forward Markets Commission and certain amendments to 
Forward Contracts Act (1952) particularly allowing options trading in goods and 
registration of brokers with Forward Market commission 

8 The three major national exchanges are Multi Commodity Exchange 
(MCX), National Commodity Derivative Exchange (NCDEX) and National Multi 
Commodity Exchange (NMCE).  Futures contracts are available for major 
agricultural commodities, metals and energy. The total value of trades in the 
commodity futures market rose from Rs.50.34 lakh crore in 2008 to Rs. 70.90 lakh 
crore during 2009 (Economic Survey, 2009-10).

9 Singh (2004), Nath &Lingareddy (2008), Hazell et.al, (1986), Coble 
and Knight (2001), Yang, Balyeat & Leatham (2005), Ranjan (2005), Mattos and 
Garcia (2004) and Elumalai et al (2009). 

10 Nath &Lingareddy (2008), Yang, Balyeat & Leatham (2005), Karande 
(2006), Expert Committee (2008) Elumalai et al (2009) and Bhardwaj and Vasisht 
(2009).
11 If the two markets are integrated, price changes in one of the markets 
should be completely explained by price changes in the other market. 

12 The external factors like exchange rate, demand and supply factors also 
affect the prices. 

13 Annual average price volatility for 2001-04 and 2004-06 has been used 
by this study.

14 The government has ordered for delisting of futures contracts in 
agricultural commodities like urad, tur, wheat and rice in early 2007 with a 
suspicion that futures trading in these commodities had been contributing for the 
rise in their domestic spot prices. 

15 The sample survey carried out among the farmers in the major mentha 
growing districts in Uttar Pradesh, Moradabad, Rampur and Barabanki revealed 
that farmers participation was very low, out of thirty samples, seven are found to 
be aware of the market. 

16 NCDEX is a leading commodity exchange in India.  Soy oil, guarseed, 
pepper, chana and mustard seed accounts highest share to the total share of 
agricultural trading during 2007-08. While rubber has constant share in the total 
trade volume from the period 2004-05 to 2007-08. See appendix table.

17 MCX and NCDEX are the leading commodity exchanges in India. The 
spot and futures prices for guarseed, chana, rubber, pepper are in Rupees per 100 
kg and mustard seed is in Rupees per 20kg and Rupees per 10 kg for refreshed soy 
oil.

18 Johansen, (1991), Karande (2006), Jha (2009), Elumalai et.al (2009).

19 The estimation procedure was based on the methodology developed by 
Johansen (1991) and Johansen (1995).
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Spot and Futures Markets of Agricultural 
Commodities in India: Analysis of Price 

Integration and Volatility

ABSTRACT

This paper deals with spot and futures price volatility of 
selected agricultural crops by analyzing their market 
integration. This helps us to understand whether spot and 
futures market integration explains price stability in both the 
markets of commodities and their similarities and differences 
across crops. The co-integration result found to be significant 
for chana, pepper, rubber, mustard seed and refreshed soy oil 
and no co-integrating relationship is found for guarseed. This 
means that the long run relation between prices exists for 
commodities except guar seed. The result of Granger test 
detects unidirectional Granger causality from futures to spot 
markets for pepper, mustard seed and refreshed soy oil and 
spot to futures markets for rubber. Bidirectional Granger 
causality was found in case of chana and no Granger causality 
was found in the case of guarseed. Volatility (Coefficient of 
variation is used) analysis of commodity prices show that 
futures market price volatility is higher than spot market for 
guar seed, pepper, rubber, mustard seed and spot market price 
volatility is higher than futures market for chana and refreshed 
soyoil. 

Keywords: Price volatility, Market integration, Futures 
trading, Agriculture, India

INTRODUCTION

Though commodity futures markets are considered as risk 
sharing mechanisms by which commodity producers can hedge their 
price risk1, its relationship with spot markets and benefits to 
commodity producers are intensely debated.  In India, there exist 
contesting views on the relationship between spot and futures markets 
of agricultural commodities.  A set of studies argue that futures market 
reduces spot market price volatility2 while other set of studies opposes 
this view3. The argument that futures trading affects spot markets by 
increasing price volatility in spot market is based on the assumption 
that futures markets are thin and spot traders tend to follow price 
signals from futures markets4. It is also argued that futures market is 
dominated by speculative interests driving the prices away from 
underlying fundamentals in the spot market (Sahadevan, 2008).  
Speculation in the futures market and its destabilizing effect on spot 
market has also often led to government intervention to ensure 
effective functioning of commodity derivatives across the world5. This 
has also happened in the Indian context where ban of agricultural 
commodities from futures trading has taken place many times because 
of the belief that it leads to inflation6. Though, the history of 
commodity futures markets in India goes back to the nineteenth 
century (Cotton Trade Association started futures trading in 1875 in 
Bombay), futures trading under the current liberalized regime were 
allowed in 1993 with the recommendations of Kabra committee7. The 
policy with respect to futures trading had undergone a sea change 
afterwards from banning of trading to setting up of National 
Commodity Exchanges since 2002 using modern practices such as 
electronic trading and clearing. At present, India has three national 
exchanges and about twenty three regional exchanges trading many 
agricultural and non-agricultural commodities8. The government had 
set up Forward Market Commission (FMC) to regulate the commodity 
futures trading and the commodity exchanges are under the control of 
FMC.  
A number of studies addressed the impact of futures trading on 
agricultural commodity spot prices.9 Those studies, however, do not 
provide a conclusive explanation for the effects of futures trading on 
spot prices and relationship between futures and spot prices of 
commodities. The inconclusive debate on futures and spot price 
relations continue in the literature. It is evident from the literature 
survey that futures and spot markets of majority of agricultural 
commodities are integrated and spot and futures market prices are 
highly volatile in nature10. In this context, this paper explains spot and 
futures price volatility and the market integration of selected 
agricultural crops after the introduction of futures contracts. This will 
help us to understand whether spot and futures market integration 
explains the price stability in both the markets of commodities and 
their similarities and differences.
The paper is organized as follows. The following section gives review 
on market integration and price volatility. Section two explains data 
and methodology used in this study. The third section presents 
empirical results and final section draws inferences from the analysis.

1. LITERATURE REVIEW

In this section, we review literature on market integration and 
price volatility. The market integration literature talks about the 
integration of markets in general and integration of spot and futures 
markets in particular. Secondly, we discuss about the empirical 
literature on futures trading and its impact on spot market volatility. 

1.1 Integration of Markets

A vast number of studies deal with global market integration and 
explained price differentials in different markets and their 
relationship. Jain (1981) measured the integration of world 
commodity markets by analysing price movements in commodity 
markets to determine whether the price changes in one market are 
equal to price changes in other market. He argued that integration of 
commodity markets implies the existence of the law of one price11. 
The law of one price argument is also used to test commodities traded 
in futures markets in different countries and hold the view that law of 
one price tend to be commodity specific rather than due to external 
factors (Protopapadakis and Hans, 1983)12. The differences in trading 
systems in different markets can also lead to different degrees of 
market integration (Kempf and Olaf, 1985). Market integration 
becomes important when we discuss price discovery mechanism in 
different markets. A widely held argument is that perfectly integrated 
markets can lead to better price discovery among the markets. 
Alphonse (2000) has shown that information arrivals in the futures 
market have led to efficient price discovery in French stock index 
cash market. Similarly, price series of wheat traded in China 
Zhengzhou Commodity Exchange (CZCE) and Chicago Board of 
Trade (CBOT) are found to be interrelated, asymmetric not 
cointegrated, where CBOT holds a dominant position in the 
interactions while CZCE is a follower (Du, 2004).  
Apart from these literatures on integration of different markets, link 
between spot and futures markets have been widely discussed. In this, 
most studies are devoted to analyze integration of stock index of spot 
and futures markets across the world. The extent to which two 
markets influence each other depends on the level of integration of 
two markets. The prices are mostly interdependent: the futures 
markets give signal to spot market on the direction in which prices 
will move in the future and the futures prices are determined on the 
basis of the conditions in the spot market of commodities. Therefore, 
we can say that spot prices are the foremost determinant of futures 
price (Reid, 1999). Chai and Guo (2009) examined the integration of 
five international stock index spot and futures prices, concluded that 
index spot and futures prices are integrated and short-run adjustments 
of spot and futures prices were helped to reach the long term 
equilibrium. On the contrary, analysis on spot and futures prices of 
two of the Australian electricity regions in the National Electricity 
Market has shown that there is no long-run relationship between spot 
and futures prices of electricity market (Worthington and Helen, 
2004). Floros and Dimitrios (2007) investigated the lead lag 
relationship between futures and spot market of stock index of 
Greece. In line with similar findings of other literatures, his empirical 
analysis confirmed that futures market play a price discovery role 
implying that futures prices contain useful information about spot 
prices. Most researchers found out that price information flows from 
futures to spot market in many cases and futures market reacts first 
compared to spot market. Silvapulle and Imad (1999) investigated the 
relationship between spot and futures prices of crude oil using a 
sample of daily data. The results suggested that both spot and futures 
markets react simultaneously to new information. But Kazmi (2000) 
argued that high speculation and price manipulation in the futures 
market leads to non convergence of futures and spot markets. 
Relationship between spot and futures markets of agricultural 
commodities is still a debating issue. Developing spot market along 
with futures market and ensuring higher participation of farmers in the 
futures market is essential to integrate the futures and spot market of 
agricultural commodities (Srinivasan, 2008). On the other hand, 
Shawky et.al (2003) argued that effective hedging in the futures 
market leads to the convergence of spot and futures market of 
commodities. A positive correlation between spot and futures prices of 
soy oil was found in the Indian market, shows that over a period of 
time the difference between two prices has reduced (Ranjan, 2005). 
Similarly, co-integration between spot and futures prices was found 
for pepper, mustard and gur for all contracts while co-movement 
existed for few contracts of potato, sacking and castorseed (Lokare, 
2007). Recently, an analysis on pepper in the Cochin market has 
shown that futures price influences spot price and not vice versa, 
providing that price formation process at the spot market is based on 
futures prices (Raveendran etal, 2009). Similarly Bhardwaj and 
Vasisht (2009) investigated the integration of futures and spot market 
of gram. The co-integration technique was used to analyze the 
integration of futures and spot markets and the lead lag relationship 
between these two market prices. The result has shown that spot and 
futures prices were cointegrated and unidirectional granger causality 
were found from futures to spot markets of gram. In nutshell, from the 
above literature review, it is clear that there is no unique experience in 
terms of the integration of futures and spot markets for different 
commodities. This is very true for the agricultural commodities.

1.2 Price Volatility

Arguments against agricultural trade liberalization are mainly 
based on the imperfect nature of world agricultural markets and 
higher volatility of agricultural prices in international markets 
(Clairmont and Cavanagh, 1988; Gill and Brar, 1996; Sekhar, 2003a). 
The international price volatility is also transmits to the domestic 
commodity markets mainly in the developing countries. Sekhar 
(2004) argued that inter-year price volatility was less and intra-year 
price volatility was high in domestic markets compared to 
international markets and suggested that intra-year price volatility is 
an appropriate method of variability since it is taking into account the 
short-run price fluctuations. Apart from these literatures on 
international and domestic price volatility, studies have also examined 
spot and futures price volatility and price transmission from spot to 
futures market and vice versa. Analysis on transmission of prices and 
price volatility between the Australian electricity spot and futures 
markets during the period 1999 to 2001 have shown that transfer of 
information from futures to spot markets is high and persistent 
(Worthington and Helen, 2002).
In the Indian context, most work has focused on the impact of futures 
trading on spot market price volatility.  In this, many studies 
compared spot market volatility before and after introduction of 
futures trading while some of them have investigated the impact of 
futures activity ( futures prices, volume of trade in the futures market, 
transaction cost etc) on spot market price volatilities. Kamara (1982) 
compared cash market volatility before and after the introduction of 
futures trading and concluded that introduction of commodity futures 
trading has reduced cash price volatility. Singh (2004) investigated the 
Hessian cash price volatility before and after the introduction of 
futures trading, revealed that cash price volatility is less pronounced 
after 1992, when futures trade was allowed for the Hessian market. 
On the other hand, Yang et al (2005) examined the lead-lag 
relationship between futures trading activity and cash price volatility 
for major agricultural commodities. His analysis of Granger causality 
tests and generalized forecast error variance decompositions showed 
that an unexpected and unidirectional increase in futures trading 
volume drove cash price volatility up. A similar argument was 
suggested by Slade and Henry (2004) that there is a positive 
relationship between trading volume and volatility of spot prices.
Similarly, Ranjan (2005) has analyzed soy oil futures in Indian market 
and shown that futures trading were effective in reducing seasonal 
price volatilities but did not bring down daily price volatilities 
significantly. While, Sahi (2006) found out that nature of volatility did 
not change with the introduction of futures trading in wheat, turmeric, 
sugar, cotton, raw jute and soy oil. Nevertheless, a weak destabilizing 
effect of futures on spot prices was found in case of wheat and raw 
jute. But price volatility has decreased after the futures trading in the 
case of wheat, sugar, chana and maize (Sabnavis and Shilpa, 2007)13.  
Also the effect of introduction of futures trading on spot prices of 
pulses shows that volatilities of urad, gram and wheat prices were 
higher during the period of futures trading than the period prior to 
introduction and after the ban of futures contracts on these 
commodities (Nath and Tulsi, 2008)14. 
As discussed, a much debated issue in literature is whether or not spot 
prices are driven by futures prices or vice-versa. This has been a fairly 
controversial issue in India as there was a belief that prices of 
commodities had gone up on account of futures trading. Theoretically, 
futures prices have been defined as spot prices plus cost of carry. 
Futures price also reflect the expectations of production and hence 
supply flows. Spot prices on the other hand are dependent on actual 
demand-supply balances in the country and hence are quite divorced 
from the futures markets (Sabnavis and Shilpa, 2007). Evidence also 
suggests that for the seasonally produced and storable commodities, 
futures market has helped to stabilize production, thereby reducing the 
variability of seasonal price fluctuations. 
It is pointed out that spot price fluctuation happens due to excessive 
speculation in the futures market, which spoils spot market prices and 
creates supply uncertainty. Newman (2009) has argued that increase in 
speculative activities by both physical commodity trading and non-
physical commodity trading actors on derivative markets have led to 
heightened volatility in derivative prices and the short term 
fluctuations in derivative prices are increasingly transmitted to 
physical markets owing to the increase in participation of physical 
commodity trading actors on derivative markets for hedging purposes, 
and the resulting importance of derivative prices in determining prices 
on physical markets. An analysis of futures trading in Mentha oil has 
also suggested that excessive speculative interests has led to spurious 
price discovery and distortion in spot prices of Mentha oil 
(Sahadevan, 2008)15. But in the wake of consistent rise of inflation 
during the first quarter of 2007, Expert Committee (2008) was set and 
studied in detail the role of futures trading on the wholesale and retail 
prices of agricultural commodities in India. The analysis of 21 
agricultural commodities shown that the annual trend growth rate in 
prices (using both monthly and weekly data) was higher in the post 
futures period in 14 commodities viz. chana, pepper, jeera, urad, 
chillies, wheat, sugar, tur, raw cotton, rubber, cardamom, maize, raw 
jute and rice and lower in 7 commodities viz. soy oil, soy bean, rape 
seed/mustard seed, potato, turmeric, castor seed and gur. But this 
committee was also inconclusive on the relationship between futures 
and spot markets of agricultural commodities. Recently, Bhardwaj and 
Vasisht (2009) analyzed the integration of futures and spot market of 
gram. The result shows that price series of gram crop witnessed 
persistence and asymmetry in volatility of prices both in spot and 
futures market. The granger test direct unidirectional granger causality 
from futures to spot markets of gram and futures market price 
volatility is greater than that of the spot market.
Though, many of the studies analyzed integration of spot and futures 
markets and their causal relationships towards long run and shot run 
equilibrium and impact on spot market price volatility, none of them 
analyzed volatility in relation to the integration of spot and futures 
markets. Also, existing literature shows that the impact of futures 
market on spot market price volatility is different. The question is 
whether spot and futures market integration ensures price stability in 
both the markets. This paper analyses the nature of price volatility in 
two markets in relation to the integration of markets and addresses the 
question of whether price discovery ensures price stability. 

2. DATA AND METHODOLOGY

The crops such as guarseed, chana, pepper, rubber, mustard seed 
and refreshed soyiol has been taken for analysis. The selection of 
these crops is based on their highest share in futures trading of 
agricultural commodities in National Commodity Derivative 
Exchange (NCDEX)16.  The daily close price data on futures prices of 
these crops collected from NCDEX, India are used here. While daily 
data on spot prices are collected from both NCDEX and Multi-
Commodity Exchange (MCX)17. The data are adjusted for dates due to 
holidays for both the price series and we have used natural logarithms 
of daily spot and futures price series to minimize the hetroscedasticity 
in the values of level series. The details of data used and descriptive 
statistics are given in table 1 and 2 respectively.

The mean futures price of guarseed is higher than mean spot 
price implies futures price is higher than spot prices. This may be 
because of high outliers in the guarseed futures price compared to spot 
price. Also variation is very high (coefficient of variation of 48.9 
percent) in guarseed futures prices compared to spot prices 
(coefficient of variation of 9.9 percent). While in the case of chana the 
mean futures and spot prices are identical and there is not much 
variation in the spot and futures prices. This trend may be because of 
more flow of information from one market to other market. Pepper 
has a slight high average futures price and price variation compared to 
spot price. While in the case of rubber average spot price is higher 
than futures price but variation is high in the future price. Mustard 
seed and refreshed soyiol shows identical average spot and futures 
price and same variation in both futures and spot prices. From this, it 
is clear that spot and futures prices are moving in a same pattern and 
futures price is leading, volatile in nature compared to spot prices in 
most cases (table 2).

3. EMPIRICAL ANALYSIS

Existing studies have extensively used Co-integration analysis, 
Error correction model and Generalized Autoregressive Conditional 
Hetroscedasticiy (GARCH) models for estimating long-run 
relationship between spot and futures market prices and volatility 
analysis respectively18. Co-integration analysis reveals the extent to 
which two markets move together towards long run equilibrium.  It 
also allows for divergence of respective markets from long-run 
equilibrium in the short run (Schreiber and Robert, 1986). The error 
correction model explains the extent to which different markets play 
their role in correcting the equilibrium in the short-run. The GARCH 
model is generally used to estimate the time varying volatility in the 
variable. In order to analyze price discovery and spot and futures 
markets integration of the selected commodities, this study employs 
co-integration and error correction model.
The relationships between spot and futures markets are well 
established in the literature. When the futures and spot market are co-
integrated, they are expected to return to long run equilibrium after 
possible short run adjustment. The precondition for co-integration 
analysis is the non-stationarity check since time series economic 
variables are generally non-stationary and conventional tests are not 
valid in such situations (Dickey and Fuller, 1979).  The Augmented 
Dickey Fuller (ADF) and Phillips-Perron (PP) unit root tests have 
been used to examine the stationarity of spot and futures prices. 

3.1 Unit Root Test

The null hypothesis of a unit root or non-stationarity has not 
been rejected for the spot and futures prices for all the commodities 
under study. These series are found to be stationary in first 
differencing (table 3). The same order of integration for both spot and 
futures prices reveals that there exists a long run price equilibrium 
relationship between these prices and thus co-integration could be 
established for the two markets19. 
Therefore, there is a consensus that price change in one market 
(futures or spot commodity market) generating price change in the 
other market (futures or spot commodity market) with a view to bring 
a long run equilibrium relation is :

Equation (1) can be expressed as in the residual form as:

Where and are futures and spot price of same commodity in the 
respective markets at time t. Both and are intercept and coefficient 
terms, where as is estimated white noise disturbance term. The main 
advantage of co-integration is that each series can be represented by 
an error correction model which includes last periods equilibrium 
error with adding intercept term as well as lagged values of first 
difference of each variable. Therefore, casual relationship can be 
gauged by examining the statistical significance and relative 
magnitude of the error correction coefficient and coefficient on lagged 
variable. Hence, the error correction model is:

In the above two equations, the first part () is the equilibrium 
error which measures how the dependent variable in one equation 
adjusts to the previous periods deviation that arises from long run 
equilibrium. The remaining part of the equation is lagged first 
difference which represents the short run effect of previous periods 
change in price on current periods deviation. The coefficients of the 
equilibrium error,  a

f 
and a

s
, are the speed of adjustment coefficients 

in future and spot commodity markets that claim significant 
implication in an error correction model. At least one coefficient must 
be non zero for the model to be an error correction model (ECM). The 
coefficient acts as an evidence of direction of casual relation and 
reveals the speed at which discrepancy from equilibrium is corrected 
or minimized.  If a

f 
is statistically insignificant, the current periods 

change in future prices does not respond to last periods deviation from 
long run equilibrium. If  a

f 
and b

f
 both are statistically insignificant; 

the spot price does not Granger cause futures price. The justification 
of estimating ECM is to know which sample markets play a crucial 
role in the price discovery process.

3.2 Co-integration Analysis

The co-integration results of trace test and Maximum Eigen test 
are provided in table 4 and 5.  The null hypothesis of no co-
integrating vector (r=0) can be rejected for chana, pepper, rubber, 
mustard seed and refreshed soy oil as the trace statistics are higher 
than the critical values at 5 per cent level. Thus, the co-integration 
result found to be significant for chana, pepper, rubber, mustard seed 
and refreshed soy oil and no co-integrating relationship is found for 
guarseed. This means that the long run relation between prices exists 
for commodities except guar seed.

The lead lag relationship between spot and futures market prices 
was also examined using Granger causality as the same was not 
available in co-integration analysis. Granger (1969) approach to the 
question of whether X causes Y is to see how much of the current Y 
can be explained by past values of Y and then to see whether adding 
lagged values of X can improve the explanation. Y is said to be 
Granger caused by X if X helps in the prediction of Y, or equivalently 
if the coefficients on the lagged Xs statistically significant. The two 
way causation is frequently the case; X Granger causes Y and Y 
Granger causes X. it is important to note that X Granger causes Y 
does not imply Y is the effect or result of X. Granger causality 
measures precedence and information content but does not by itself 
indicate causality.

The result of Granger test detects unidirectional Granger 
causality from futures to spot markets for pepper, mustard seed and 
refreshed soy oil and spot to futures markets for rubber. Bidirectional 
Granger Causality was found in case of chana and no Granger 
causality was found in the case of guarseed (table 6). 

3.3 Results of Error Correction Model

The error correction model was applied to determine the effects 
of shocks in the short run and long run equilibrium. This model also 
allows for the short run shocks and estimates the degree of 
convergence towards the long run relationship. The result however 
confirms the presence of long run relationship between the price series 
as the error correction coefficient of at least one variable was 
significant for all the commodities (table 7). The coefficient of error 
correction term was positive and significant in the case of spot market 
equation for chana, pepper, rubber, mustard seed and refreshed soy 
oil. This implies that spot prices are stable in the long run for these 
commodities though they are volatile in the short run. But the error 
correction coefficient is negative and significant in the case of futures 
market equation for guar seed, implies futures prices are stable in the 
long run.  The coefficient of error equilibrium is -0.016 in future 
market equation for pepper indicates that when the average futures 
price was too high, it immediately falls back toward spot price. This 
means that futures price corrects to its previous periods dis-
equilibrium by 1.6 percent. Similar explanations apply to error 
correction coefficients of spot and futures markets of all commodities. 
Broadly, the results indicate the existence of long run relationship 
between spot and futures prices and the adjustment towards 
equilibrium is made by the spot prices, though price signals flows 
from futures to spot markets.

3.4 Price Volatility

The volatility (Coefficient of variation is used) analysis of 
commodities shows that futures market volatility is higher than spot 
market volatility for guar seed, pepper, rubber, mustard seed and spot 
market volatility is higher than futures market for chana and refreshed 
soy oil (table 2). Volatility in futures price is very high (Coefficient of 
Variation, 49 %) compared to spot prices (Coefficient of Variation, 10 
%) of guar seed.  Though, futures market volatility is higher than spot 
market volatility, the differences in volatilities between the two 
markets are low for all commodities.  This indicates that spot market 
is also volatile though price signals flows from futures to spot market. 
This also shows that volatility in one market is related to the other 
market since both the markets are related each other and moving in a 
same pattern. Coefficient of variation does not explain time varying 
volatility in the price series. Hence the volatility analysis based on 
coefficient of variation has limitations. Existing studies have largely 
used GARCH extension models to measure volatilities in spot and 
futures prices. The extension models are not attempted in this paper.

4. CONCLUSION

This study has employed co-integration and error correction 
model to analyze the price discovery and integration of spot and 
futures markets of the selected commodities. The Augmented Dickey 
Fuller and Phillips-Perron unit root tests have been used to examine 
the stationarity of spot and futures prices. The null hypothesis of a 
unit root or non-stationarity has not been rejected for the spot and 
futures prices for all the commodities under study. These series are 
found to be stationary in first differencing. The same order of 
integration for both spot and futures prices reveals that there exists a 
long run price equilibrium relationship between these prices and thus 
co-integration could be established for the two markets.
The co-integration result found to be significant for chana, pepper, 
rubber, mustard seed and refreshed soy oil and no co-integrating 
relationship is found for guarseed. This means that the long run 
relation between prices exists for commodities except guar seed. The 
result of Granger test detects unidirectional Granger causality from 
futures to spot markets for pepper, mustard seed and refreshed soy oil 
and spot to futures markets for rubber. Bidirectional Granger 
Causality was found in case of chana and no Granger causality was 
found in the case of guarseed.

Coefficient of variation analysis shows that futures market price 
volatility is higher than spot market for guar seed, pepper, rubber, 
mustard seed and spot market price volatility is higher than futures 
market for chana and refreshed soyoil. Even though, price change in 
futures market is higher than spot market, differences in price changes 
between the two markets are low. This indicates that spot market is 
volatile since price signals flows from futures to spot market in most 
case. The volatility in the futures prices may be induced by the 
speculative nature of the futures markets and hence spot market also 
volatile. The results also show that integrated spot and futures market 
does not bring stability in spot and futures market prices. From this 
we can say that integration of the two markets provides only price 
discovery and not price stability. This analysis suggests the need for 
exploring different mechanisms through which the futures and spot 
markets are integrated. This will contribute to the inconclusive debate 
on the relationship between spot and futures markets.

NOTES

1 Futures markets serve two important functions such as price discovery 
and risk management. In general, futures prices reflect the collective expectations 
of market agents about prospective demand and supply of commodities at maturity 
of futures contract. Since the futures prices are a reflection of futures demand and 
supply conditions of markets, they provide market signals to the farmers for 
deciding the appropriate cropping pattern. Through hedging, farmers can mitigate 
the price risk that they may face in the spot market with volatile prices  Elumalai 
et al (2009).

2 Singh (2004), Ranjan (2005), Karande (2006) etc.

3 Nath &Lingareddy (2008, Coble and Knight (2001) Yang, Balyeat 
&Leatham (2005) etc.

4 Elumalai et.al (2009)

5 Mattos and Garcia (2004)

6 In the recent past (end of 2007), when the prices of essential 
commodities were gone up, the government of India banned few commodities 
from the futures trading list. 

7 After the Indian economy embarked upon the process of liberalization 
and globalization in 1990, the government set up a committee in 1993 to examine 
the role of futures trading. The committee (headed by Prof. K.N. Kabra) 
recommended futures trading in 17 commodity groups. It also recommended 
strengthening of the Forward Markets Commission and certain amendments to 
Forward Contracts Act (1952) particularly allowing options trading in goods and 
registration of brokers with Forward Market commission 

8 The three major national exchanges are Multi Commodity Exchange 
(MCX), National Commodity Derivative Exchange (NCDEX) and National Multi 
Commodity Exchange (NMCE).  Futures contracts are available for major 
agricultural commodities, metals and energy. The total value of trades in the 
commodity futures market rose from Rs.50.34 lakh crore in 2008 to Rs. 70.90 lakh 
crore during 2009 (Economic Survey, 2009-10).

9 Singh (2004), Nath &Lingareddy (2008), Hazell et.al, (1986), Coble 
and Knight (2001), Yang, Balyeat & Leatham (2005), Ranjan (2005), Mattos and 
Garcia (2004) and Elumalai et al (2009). 

10 Nath &Lingareddy (2008), Yang, Balyeat & Leatham (2005), Karande 
(2006), Expert Committee (2008) Elumalai et al (2009) and Bhardwaj and Vasisht 
(2009).
11 If the two markets are integrated, price changes in one of the markets 
should be completely explained by price changes in the other market. 

12 The external factors like exchange rate, demand and supply factors also 
affect the prices. 

13 Annual average price volatility for 2001-04 and 2004-06 has been used 
by this study.

14 The government has ordered for delisting of futures contracts in 
agricultural commodities like urad, tur, wheat and rice in early 2007 with a 
suspicion that futures trading in these commodities had been contributing for the 
rise in their domestic spot prices. 

15 The sample survey carried out among the farmers in the major mentha 
growing districts in Uttar Pradesh, Moradabad, Rampur and Barabanki revealed 
that farmers participation was very low, out of thirty samples, seven are found to 
be aware of the market. 

16 NCDEX is a leading commodity exchange in India.  Soy oil, guarseed, 
pepper, chana and mustard seed accounts highest share to the total share of 
agricultural trading during 2007-08. While rubber has constant share in the total 
trade volume from the period 2004-05 to 2007-08. See appendix table.

17 MCX and NCDEX are the leading commodity exchanges in India. The 
spot and futures prices for guarseed, chana, rubber, pepper are in Rupees per 100 
kg and mustard seed is in Rupees per 20kg and Rupees per 10 kg for refreshed soy 
oil.

18 Johansen, (1991), Karande (2006), Jha (2009), Elumalai et.al (2009).

19 The estimation procedure was based on the methodology developed by 
Johansen (1991) and Johansen (1995).
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Spot and Futures Markets of Agricultural 
Commodities in India: Analysis of Price 

Integration and Volatility

ABSTRACT

This paper deals with spot and futures price volatility of 
selected agricultural crops by analyzing their market 
integration. This helps us to understand whether spot and 
futures market integration explains price stability in both the 
markets of commodities and their similarities and differences 
across crops. The co-integration result found to be significant 
for chana, pepper, rubber, mustard seed and refreshed soy oil 
and no co-integrating relationship is found for guarseed. This 
means that the long run relation between prices exists for 
commodities except guar seed. The result of Granger test 
detects unidirectional Granger causality from futures to spot 
markets for pepper, mustard seed and refreshed soy oil and 
spot to futures markets for rubber. Bidirectional Granger 
causality was found in case of chana and no Granger causality 
was found in the case of guarseed. Volatility (Coefficient of 
variation is used) analysis of commodity prices show that 
futures market price volatility is higher than spot market for 
guar seed, pepper, rubber, mustard seed and spot market price 
volatility is higher than futures market for chana and refreshed 
soyoil. 

Keywords: Price volatility, Market integration, Futures 
trading, Agriculture, India

INTRODUCTION

Though commodity futures markets are considered as risk 
sharing mechanisms by which commodity producers can hedge their 
price risk1, its relationship with spot markets and benefits to 
commodity producers are intensely debated.  In India, there exist 
contesting views on the relationship between spot and futures markets 
of agricultural commodities.  A set of studies argue that futures market 
reduces spot market price volatility2 while other set of studies opposes 
this view3. The argument that futures trading affects spot markets by 
increasing price volatility in spot market is based on the assumption 
that futures markets are thin and spot traders tend to follow price 
signals from futures markets4. It is also argued that futures market is 
dominated by speculative interests driving the prices away from 
underlying fundamentals in the spot market (Sahadevan, 2008).  
Speculation in the futures market and its destabilizing effect on spot 
market has also often led to government intervention to ensure 
effective functioning of commodity derivatives across the world5. This 
has also happened in the Indian context where ban of agricultural 
commodities from futures trading has taken place many times because 
of the belief that it leads to inflation6. Though, the history of 
commodity futures markets in India goes back to the nineteenth 
century (Cotton Trade Association started futures trading in 1875 in 
Bombay), futures trading under the current liberalized regime were 
allowed in 1993 with the recommendations of Kabra committee7. The 
policy with respect to futures trading had undergone a sea change 
afterwards from banning of trading to setting up of National 
Commodity Exchanges since 2002 using modern practices such as 
electronic trading and clearing. At present, India has three national 
exchanges and about twenty three regional exchanges trading many 
agricultural and non-agricultural commodities8. The government had 
set up Forward Market Commission (FMC) to regulate the commodity 
futures trading and the commodity exchanges are under the control of 
FMC.  
A number of studies addressed the impact of futures trading on 
agricultural commodity spot prices.9 Those studies, however, do not 
provide a conclusive explanation for the effects of futures trading on 
spot prices and relationship between futures and spot prices of 
commodities. The inconclusive debate on futures and spot price 
relations continue in the literature. It is evident from the literature 
survey that futures and spot markets of majority of agricultural 
commodities are integrated and spot and futures market prices are 
highly volatile in nature10. In this context, this paper explains spot and 
futures price volatility and the market integration of selected 
agricultural crops after the introduction of futures contracts. This will 
help us to understand whether spot and futures market integration 
explains the price stability in both the markets of commodities and 
their similarities and differences.
The paper is organized as follows. The following section gives review 
on market integration and price volatility. Section two explains data 
and methodology used in this study. The third section presents 
empirical results and final section draws inferences from the analysis.

1. LITERATURE REVIEW

In this section, we review literature on market integration and 
price volatility. The market integration literature talks about the 
integration of markets in general and integration of spot and futures 
markets in particular. Secondly, we discuss about the empirical 
literature on futures trading and its impact on spot market volatility. 

1.1 Integration of Markets

A vast number of studies deal with global market integration and 
explained price differentials in different markets and their 
relationship. Jain (1981) measured the integration of world 
commodity markets by analysing price movements in commodity 
markets to determine whether the price changes in one market are 
equal to price changes in other market. He argued that integration of 
commodity markets implies the existence of the law of one price11. 
The law of one price argument is also used to test commodities traded 
in futures markets in different countries and hold the view that law of 
one price tend to be commodity specific rather than due to external 
factors (Protopapadakis and Hans, 1983)12. The differences in trading 
systems in different markets can also lead to different degrees of 
market integration (Kempf and Olaf, 1985). Market integration 
becomes important when we discuss price discovery mechanism in 
different markets. A widely held argument is that perfectly integrated 
markets can lead to better price discovery among the markets. 
Alphonse (2000) has shown that information arrivals in the futures 
market have led to efficient price discovery in French stock index 
cash market. Similarly, price series of wheat traded in China 
Zhengzhou Commodity Exchange (CZCE) and Chicago Board of 
Trade (CBOT) are found to be interrelated, asymmetric not 
cointegrated, where CBOT holds a dominant position in the 
interactions while CZCE is a follower (Du, 2004).  
Apart from these literatures on integration of different markets, link 
between spot and futures markets have been widely discussed. In this, 
most studies are devoted to analyze integration of stock index of spot 
and futures markets across the world. The extent to which two 
markets influence each other depends on the level of integration of 
two markets. The prices are mostly interdependent: the futures 
markets give signal to spot market on the direction in which prices 
will move in the future and the futures prices are determined on the 
basis of the conditions in the spot market of commodities. Therefore, 
we can say that spot prices are the foremost determinant of futures 
price (Reid, 1999). Chai and Guo (2009) examined the integration of 
five international stock index spot and futures prices, concluded that 
index spot and futures prices are integrated and short-run adjustments 
of spot and futures prices were helped to reach the long term 
equilibrium. On the contrary, analysis on spot and futures prices of 
two of the Australian electricity regions in the National Electricity 
Market has shown that there is no long-run relationship between spot 
and futures prices of electricity market (Worthington and Helen, 
2004). Floros and Dimitrios (2007) investigated the lead lag 
relationship between futures and spot market of stock index of 
Greece. In line with similar findings of other literatures, his empirical 
analysis confirmed that futures market play a price discovery role 
implying that futures prices contain useful information about spot 
prices. Most researchers found out that price information flows from 
futures to spot market in many cases and futures market reacts first 
compared to spot market. Silvapulle and Imad (1999) investigated the 
relationship between spot and futures prices of crude oil using a 
sample of daily data. The results suggested that both spot and futures 
markets react simultaneously to new information. But Kazmi (2000) 
argued that high speculation and price manipulation in the futures 
market leads to non convergence of futures and spot markets. 
Relationship between spot and futures markets of agricultural 
commodities is still a debating issue. Developing spot market along 
with futures market and ensuring higher participation of farmers in the 
futures market is essential to integrate the futures and spot market of 
agricultural commodities (Srinivasan, 2008). On the other hand, 
Shawky et.al (2003) argued that effective hedging in the futures 
market leads to the convergence of spot and futures market of 
commodities. A positive correlation between spot and futures prices of 
soy oil was found in the Indian market, shows that over a period of 
time the difference between two prices has reduced (Ranjan, 2005). 
Similarly, co-integration between spot and futures prices was found 
for pepper, mustard and gur for all contracts while co-movement 
existed for few contracts of potato, sacking and castorseed (Lokare, 
2007). Recently, an analysis on pepper in the Cochin market has 
shown that futures price influences spot price and not vice versa, 
providing that price formation process at the spot market is based on 
futures prices (Raveendran etal, 2009). Similarly Bhardwaj and 
Vasisht (2009) investigated the integration of futures and spot market 
of gram. The co-integration technique was used to analyze the 
integration of futures and spot markets and the lead lag relationship 
between these two market prices. The result has shown that spot and 
futures prices were cointegrated and unidirectional granger causality 
were found from futures to spot markets of gram. In nutshell, from the 
above literature review, it is clear that there is no unique experience in 
terms of the integration of futures and spot markets for different 
commodities. This is very true for the agricultural commodities.

1.2 Price Volatility

Arguments against agricultural trade liberalization are mainly 
based on the imperfect nature of world agricultural markets and 
higher volatility of agricultural prices in international markets 
(Clairmont and Cavanagh, 1988; Gill and Brar, 1996; Sekhar, 2003a). 
The international price volatility is also transmits to the domestic 
commodity markets mainly in the developing countries. Sekhar 
(2004) argued that inter-year price volatility was less and intra-year 
price volatility was high in domestic markets compared to 
international markets and suggested that intra-year price volatility is 
an appropriate method of variability since it is taking into account the 
short-run price fluctuations. Apart from these literatures on 
international and domestic price volatility, studies have also examined 
spot and futures price volatility and price transmission from spot to 
futures market and vice versa. Analysis on transmission of prices and 
price volatility between the Australian electricity spot and futures 
markets during the period 1999 to 2001 have shown that transfer of 
information from futures to spot markets is high and persistent 
(Worthington and Helen, 2002).
In the Indian context, most work has focused on the impact of futures 
trading on spot market price volatility.  In this, many studies 
compared spot market volatility before and after introduction of 
futures trading while some of them have investigated the impact of 
futures activity ( futures prices, volume of trade in the futures market, 
transaction cost etc) on spot market price volatilities. Kamara (1982) 
compared cash market volatility before and after the introduction of 
futures trading and concluded that introduction of commodity futures 
trading has reduced cash price volatility. Singh (2004) investigated the 
Hessian cash price volatility before and after the introduction of 
futures trading, revealed that cash price volatility is less pronounced 
after 1992, when futures trade was allowed for the Hessian market. 
On the other hand, Yang et al (2005) examined the lead-lag 
relationship between futures trading activity and cash price volatility 
for major agricultural commodities. His analysis of Granger causality 
tests and generalized forecast error variance decompositions showed 
that an unexpected and unidirectional increase in futures trading 
volume drove cash price volatility up. A similar argument was 
suggested by Slade and Henry (2004) that there is a positive 
relationship between trading volume and volatility of spot prices.
Similarly, Ranjan (2005) has analyzed soy oil futures in Indian market 
and shown that futures trading were effective in reducing seasonal 
price volatilities but did not bring down daily price volatilities 
significantly. While, Sahi (2006) found out that nature of volatility did 
not change with the introduction of futures trading in wheat, turmeric, 
sugar, cotton, raw jute and soy oil. Nevertheless, a weak destabilizing 
effect of futures on spot prices was found in case of wheat and raw 
jute. But price volatility has decreased after the futures trading in the 
case of wheat, sugar, chana and maize (Sabnavis and Shilpa, 2007)13.  
Also the effect of introduction of futures trading on spot prices of 
pulses shows that volatilities of urad, gram and wheat prices were 
higher during the period of futures trading than the period prior to 
introduction and after the ban of futures contracts on these 
commodities (Nath and Tulsi, 2008)14. 
As discussed, a much debated issue in literature is whether or not spot 
prices are driven by futures prices or vice-versa. This has been a fairly 
controversial issue in India as there was a belief that prices of 
commodities had gone up on account of futures trading. Theoretically, 
futures prices have been defined as spot prices plus cost of carry. 
Futures price also reflect the expectations of production and hence 
supply flows. Spot prices on the other hand are dependent on actual 
demand-supply balances in the country and hence are quite divorced 
from the futures markets (Sabnavis and Shilpa, 2007). Evidence also 
suggests that for the seasonally produced and storable commodities, 
futures market has helped to stabilize production, thereby reducing the 
variability of seasonal price fluctuations. 
It is pointed out that spot price fluctuation happens due to excessive 
speculation in the futures market, which spoils spot market prices and 
creates supply uncertainty. Newman (2009) has argued that increase in 
speculative activities by both physical commodity trading and non-
physical commodity trading actors on derivative markets have led to 
heightened volatility in derivative prices and the short term 
fluctuations in derivative prices are increasingly transmitted to 
physical markets owing to the increase in participation of physical 
commodity trading actors on derivative markets for hedging purposes, 
and the resulting importance of derivative prices in determining prices 
on physical markets. An analysis of futures trading in Mentha oil has 
also suggested that excessive speculative interests has led to spurious 
price discovery and distortion in spot prices of Mentha oil 
(Sahadevan, 2008)15. But in the wake of consistent rise of inflation 
during the first quarter of 2007, Expert Committee (2008) was set and 
studied in detail the role of futures trading on the wholesale and retail 
prices of agricultural commodities in India. The analysis of 21 
agricultural commodities shown that the annual trend growth rate in 
prices (using both monthly and weekly data) was higher in the post 
futures period in 14 commodities viz. chana, pepper, jeera, urad, 
chillies, wheat, sugar, tur, raw cotton, rubber, cardamom, maize, raw 
jute and rice and lower in 7 commodities viz. soy oil, soy bean, rape 
seed/mustard seed, potato, turmeric, castor seed and gur. But this 
committee was also inconclusive on the relationship between futures 
and spot markets of agricultural commodities. Recently, Bhardwaj and 
Vasisht (2009) analyzed the integration of futures and spot market of 
gram. The result shows that price series of gram crop witnessed 
persistence and asymmetry in volatility of prices both in spot and 
futures market. The granger test direct unidirectional granger causality 
from futures to spot markets of gram and futures market price 
volatility is greater than that of the spot market.
Though, many of the studies analyzed integration of spot and futures 
markets and their causal relationships towards long run and shot run 
equilibrium and impact on spot market price volatility, none of them 
analyzed volatility in relation to the integration of spot and futures 
markets. Also, existing literature shows that the impact of futures 
market on spot market price volatility is different. The question is 
whether spot and futures market integration ensures price stability in 
both the markets. This paper analyses the nature of price volatility in 
two markets in relation to the integration of markets and addresses the 
question of whether price discovery ensures price stability. 

2. DATA AND METHODOLOGY

The crops such as guarseed, chana, pepper, rubber, mustard seed 
and refreshed soyiol has been taken for analysis. The selection of 
these crops is based on their highest share in futures trading of 
agricultural commodities in National Commodity Derivative 
Exchange (NCDEX)16.  The daily close price data on futures prices of 
these crops collected from NCDEX, India are used here. While daily 
data on spot prices are collected from both NCDEX and Multi-
Commodity Exchange (MCX)17. The data are adjusted for dates due to 
holidays for both the price series and we have used natural logarithms 
of daily spot and futures price series to minimize the hetroscedasticity 
in the values of level series. The details of data used and descriptive 
statistics are given in table 1 and 2 respectively.

The mean futures price of guarseed is higher than mean spot 
price implies futures price is higher than spot prices. This may be 
because of high outliers in the guarseed futures price compared to spot 
price. Also variation is very high (coefficient of variation of 48.9 
percent) in guarseed futures prices compared to spot prices 
(coefficient of variation of 9.9 percent). While in the case of chana the 
mean futures and spot prices are identical and there is not much 
variation in the spot and futures prices. This trend may be because of 
more flow of information from one market to other market. Pepper 
has a slight high average futures price and price variation compared to 
spot price. While in the case of rubber average spot price is higher 
than futures price but variation is high in the future price. Mustard 
seed and refreshed soyiol shows identical average spot and futures 
price and same variation in both futures and spot prices. From this, it 
is clear that spot and futures prices are moving in a same pattern and 
futures price is leading, volatile in nature compared to spot prices in 
most cases (table 2).

3. EMPIRICAL ANALYSIS

Existing studies have extensively used Co-integration analysis, 
Error correction model and Generalized Autoregressive Conditional 
Hetroscedasticiy (GARCH) models for estimating long-run 
relationship between spot and futures market prices and volatility 
analysis respectively18. Co-integration analysis reveals the extent to 
which two markets move together towards long run equilibrium.  It 
also allows for divergence of respective markets from long-run 
equilibrium in the short run (Schreiber and Robert, 1986). The error 
correction model explains the extent to which different markets play 
their role in correcting the equilibrium in the short-run. The GARCH 
model is generally used to estimate the time varying volatility in the 
variable. In order to analyze price discovery and spot and futures 
markets integration of the selected commodities, this study employs 
co-integration and error correction model.
The relationships between spot and futures markets are well 
established in the literature. When the futures and spot market are co-
integrated, they are expected to return to long run equilibrium after 
possible short run adjustment. The precondition for co-integration 
analysis is the non-stationarity check since time series economic 
variables are generally non-stationary and conventional tests are not 
valid in such situations (Dickey and Fuller, 1979).  The Augmented 
Dickey Fuller (ADF) and Phillips-Perron (PP) unit root tests have 
been used to examine the stationarity of spot and futures prices. 

3.1 Unit Root Test

The null hypothesis of a unit root or non-stationarity has not 
been rejected for the spot and futures prices for all the commodities 
under study. These series are found to be stationary in first 
differencing (table 3). The same order of integration for both spot and 
futures prices reveals that there exists a long run price equilibrium 
relationship between these prices and thus co-integration could be 
established for the two markets19. 
Therefore, there is a consensus that price change in one market 
(futures or spot commodity market) generating price change in the 
other market (futures or spot commodity market) with a view to bring 
a long run equilibrium relation is :

Equation (1) can be expressed as in the residual form as:

Where and are futures and spot price of same commodity in the 
respective markets at time t. Both and are intercept and coefficient 
terms, where as is estimated white noise disturbance term. The main 
advantage of co-integration is that each series can be represented by 
an error correction model which includes last periods equilibrium 
error with adding intercept term as well as lagged values of first 
difference of each variable. Therefore, casual relationship can be 
gauged by examining the statistical significance and relative 
magnitude of the error correction coefficient and coefficient on lagged 
variable. Hence, the error correction model is:

In the above two equations, the first part () is the equilibrium 
error which measures how the dependent variable in one equation 
adjusts to the previous periods deviation that arises from long run 
equilibrium. The remaining part of the equation is lagged first 
difference which represents the short run effect of previous periods 
change in price on current periods deviation. The coefficients of the 
equilibrium error,  a

f 
and a

s
, are the speed of adjustment coefficients 

in future and spot commodity markets that claim significant 
implication in an error correction model. At least one coefficient must 
be non zero for the model to be an error correction model (ECM). The 
coefficient acts as an evidence of direction of casual relation and 
reveals the speed at which discrepancy from equilibrium is corrected 
or minimized.  If a

f 
is statistically insignificant, the current periods 

change in future prices does not respond to last periods deviation from 
long run equilibrium. If  a

f 
and b

f
 both are statistically insignificant; 

the spot price does not Granger cause futures price. The justification 
of estimating ECM is to know which sample markets play a crucial 
role in the price discovery process.

3.2 Co-integration Analysis

The co-integration results of trace test and Maximum Eigen test 
are provided in table 4 and 5.  The null hypothesis of no co-
integrating vector (r=0) can be rejected for chana, pepper, rubber, 
mustard seed and refreshed soy oil as the trace statistics are higher 
than the critical values at 5 per cent level. Thus, the co-integration 
result found to be significant for chana, pepper, rubber, mustard seed 
and refreshed soy oil and no co-integrating relationship is found for 
guarseed. This means that the long run relation between prices exists 
for commodities except guar seed.

The lead lag relationship between spot and futures market prices 
was also examined using Granger causality as the same was not 
available in co-integration analysis. Granger (1969) approach to the 
question of whether X causes Y is to see how much of the current Y 
can be explained by past values of Y and then to see whether adding 
lagged values of X can improve the explanation. Y is said to be 
Granger caused by X if X helps in the prediction of Y, or equivalently 
if the coefficients on the lagged Xs statistically significant. The two 
way causation is frequently the case; X Granger causes Y and Y 
Granger causes X. it is important to note that X Granger causes Y 
does not imply Y is the effect or result of X. Granger causality 
measures precedence and information content but does not by itself 
indicate causality.

The result of Granger test detects unidirectional Granger 
causality from futures to spot markets for pepper, mustard seed and 
refreshed soy oil and spot to futures markets for rubber. Bidirectional 
Granger Causality was found in case of chana and no Granger 
causality was found in the case of guarseed (table 6). 

3.3 Results of Error Correction Model

The error correction model was applied to determine the effects 
of shocks in the short run and long run equilibrium. This model also 
allows for the short run shocks and estimates the degree of 
convergence towards the long run relationship. The result however 
confirms the presence of long run relationship between the price series 
as the error correction coefficient of at least one variable was 
significant for all the commodities (table 7). The coefficient of error 
correction term was positive and significant in the case of spot market 
equation for chana, pepper, rubber, mustard seed and refreshed soy 
oil. This implies that spot prices are stable in the long run for these 
commodities though they are volatile in the short run. But the error 
correction coefficient is negative and significant in the case of futures 
market equation for guar seed, implies futures prices are stable in the 
long run.  The coefficient of error equilibrium is -0.016 in future 
market equation for pepper indicates that when the average futures 
price was too high, it immediately falls back toward spot price. This 
means that futures price corrects to its previous periods dis-
equilibrium by 1.6 percent. Similar explanations apply to error 
correction coefficients of spot and futures markets of all commodities. 
Broadly, the results indicate the existence of long run relationship 
between spot and futures prices and the adjustment towards 
equilibrium is made by the spot prices, though price signals flows 
from futures to spot markets.

3.4 Price Volatility

The volatility (Coefficient of variation is used) analysis of 
commodities shows that futures market volatility is higher than spot 
market volatility for guar seed, pepper, rubber, mustard seed and spot 
market volatility is higher than futures market for chana and refreshed 
soy oil (table 2). Volatility in futures price is very high (Coefficient of 
Variation, 49 %) compared to spot prices (Coefficient of Variation, 10 
%) of guar seed.  Though, futures market volatility is higher than spot 
market volatility, the differences in volatilities between the two 
markets are low for all commodities.  This indicates that spot market 
is also volatile though price signals flows from futures to spot market. 
This also shows that volatility in one market is related to the other 
market since both the markets are related each other and moving in a 
same pattern. Coefficient of variation does not explain time varying 
volatility in the price series. Hence the volatility analysis based on 
coefficient of variation has limitations. Existing studies have largely 
used GARCH extension models to measure volatilities in spot and 
futures prices. The extension models are not attempted in this paper.

4. CONCLUSION

This study has employed co-integration and error correction 
model to analyze the price discovery and integration of spot and 
futures markets of the selected commodities. The Augmented Dickey 
Fuller and Phillips-Perron unit root tests have been used to examine 
the stationarity of spot and futures prices. The null hypothesis of a 
unit root or non-stationarity has not been rejected for the spot and 
futures prices for all the commodities under study. These series are 
found to be stationary in first differencing. The same order of 
integration for both spot and futures prices reveals that there exists a 
long run price equilibrium relationship between these prices and thus 
co-integration could be established for the two markets.
The co-integration result found to be significant for chana, pepper, 
rubber, mustard seed and refreshed soy oil and no co-integrating 
relationship is found for guarseed. This means that the long run 
relation between prices exists for commodities except guar seed. The 
result of Granger test detects unidirectional Granger causality from 
futures to spot markets for pepper, mustard seed and refreshed soy oil 
and spot to futures markets for rubber. Bidirectional Granger 
Causality was found in case of chana and no Granger causality was 
found in the case of guarseed.

Coefficient of variation analysis shows that futures market price 
volatility is higher than spot market for guar seed, pepper, rubber, 
mustard seed and spot market price volatility is higher than futures 
market for chana and refreshed soyoil. Even though, price change in 
futures market is higher than spot market, differences in price changes 
between the two markets are low. This indicates that spot market is 
volatile since price signals flows from futures to spot market in most 
case. The volatility in the futures prices may be induced by the 
speculative nature of the futures markets and hence spot market also 
volatile. The results also show that integrated spot and futures market 
does not bring stability in spot and futures market prices. From this 
we can say that integration of the two markets provides only price 
discovery and not price stability. This analysis suggests the need for 
exploring different mechanisms through which the futures and spot 
markets are integrated. This will contribute to the inconclusive debate 
on the relationship between spot and futures markets.

NOTES

1 Futures markets serve two important functions such as price discovery 
and risk management. In general, futures prices reflect the collective expectations 
of market agents about prospective demand and supply of commodities at maturity 
of futures contract. Since the futures prices are a reflection of futures demand and 
supply conditions of markets, they provide market signals to the farmers for 
deciding the appropriate cropping pattern. Through hedging, farmers can mitigate 
the price risk that they may face in the spot market with volatile prices  Elumalai 
et al (2009).

2 Singh (2004), Ranjan (2005), Karande (2006) etc.

3 Nath &Lingareddy (2008, Coble and Knight (2001) Yang, Balyeat 
&Leatham (2005) etc.

4 Elumalai et.al (2009)

5 Mattos and Garcia (2004)

6 In the recent past (end of 2007), when the prices of essential 
commodities were gone up, the government of India banned few commodities 
from the futures trading list. 

7 After the Indian economy embarked upon the process of liberalization 
and globalization in 1990, the government set up a committee in 1993 to examine 
the role of futures trading. The committee (headed by Prof. K.N. Kabra) 
recommended futures trading in 17 commodity groups. It also recommended 
strengthening of the Forward Markets Commission and certain amendments to 
Forward Contracts Act (1952) particularly allowing options trading in goods and 
registration of brokers with Forward Market commission 

8 The three major national exchanges are Multi Commodity Exchange 
(MCX), National Commodity Derivative Exchange (NCDEX) and National Multi 
Commodity Exchange (NMCE).  Futures contracts are available for major 
agricultural commodities, metals and energy. The total value of trades in the 
commodity futures market rose from Rs.50.34 lakh crore in 2008 to Rs. 70.90 lakh 
crore during 2009 (Economic Survey, 2009-10).

9 Singh (2004), Nath &Lingareddy (2008), Hazell et.al, (1986), Coble 
and Knight (2001), Yang, Balyeat & Leatham (2005), Ranjan (2005), Mattos and 
Garcia (2004) and Elumalai et al (2009). 

10 Nath &Lingareddy (2008), Yang, Balyeat & Leatham (2005), Karande 
(2006), Expert Committee (2008) Elumalai et al (2009) and Bhardwaj and Vasisht 
(2009).
11 If the two markets are integrated, price changes in one of the markets 
should be completely explained by price changes in the other market. 

12 The external factors like exchange rate, demand and supply factors also 
affect the prices. 

13 Annual average price volatility for 2001-04 and 2004-06 has been used 
by this study.

14 The government has ordered for delisting of futures contracts in 
agricultural commodities like urad, tur, wheat and rice in early 2007 with a 
suspicion that futures trading in these commodities had been contributing for the 
rise in their domestic spot prices. 

15 The sample survey carried out among the farmers in the major mentha 
growing districts in Uttar Pradesh, Moradabad, Rampur and Barabanki revealed 
that farmers participation was very low, out of thirty samples, seven are found to 
be aware of the market. 

16 NCDEX is a leading commodity exchange in India.  Soy oil, guarseed, 
pepper, chana and mustard seed accounts highest share to the total share of 
agricultural trading during 2007-08. While rubber has constant share in the total 
trade volume from the period 2004-05 to 2007-08. See appendix table.

17 MCX and NCDEX are the leading commodity exchanges in India. The 
spot and futures prices for guarseed, chana, rubber, pepper are in Rupees per 100 
kg and mustard seed is in Rupees per 20kg and Rupees per 10 kg for refreshed soy 
oil.

18 Johansen, (1991), Karande (2006), Jha (2009), Elumalai et.al (2009).

19 The estimation procedure was based on the methodology developed by 
Johansen (1991) and Johansen (1995).
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Integration and Volatility

ABSTRACT

This paper deals with spot and futures price volatility of 
selected agricultural crops by analyzing their market 
integration. This helps us to understand whether spot and 
futures market integration explains price stability in both the 
markets of commodities and their similarities and differences 
across crops. The co-integration result found to be significant 
for chana, pepper, rubber, mustard seed and refreshed soy oil 
and no co-integrating relationship is found for guarseed. This 
means that the long run relation between prices exists for 
commodities except guar seed. The result of Granger test 
detects unidirectional Granger causality from futures to spot 
markets for pepper, mustard seed and refreshed soy oil and 
spot to futures markets for rubber. Bidirectional Granger 
causality was found in case of chana and no Granger causality 
was found in the case of guarseed. Volatility (Coefficient of 
variation is used) analysis of commodity prices show that 
futures market price volatility is higher than spot market for 
guar seed, pepper, rubber, mustard seed and spot market price 
volatility is higher than futures market for chana and refreshed 
soyoil. 

Keywords: Price volatility, Market integration, Futures 
trading, Agriculture, India

INTRODUCTION

Though commodity futures markets are considered as risk 
sharing mechanisms by which commodity producers can hedge their 
price risk1, its relationship with spot markets and benefits to 
commodity producers are intensely debated.  In India, there exist 
contesting views on the relationship between spot and futures markets 
of agricultural commodities.  A set of studies argue that futures market 
reduces spot market price volatility2 while other set of studies opposes 
this view3. The argument that futures trading affects spot markets by 
increasing price volatility in spot market is based on the assumption 
that futures markets are thin and spot traders tend to follow price 
signals from futures markets4. It is also argued that futures market is 
dominated by speculative interests driving the prices away from 
underlying fundamentals in the spot market (Sahadevan, 2008).  
Speculation in the futures market and its destabilizing effect on spot 
market has also often led to government intervention to ensure 
effective functioning of commodity derivatives across the world5. This 
has also happened in the Indian context where ban of agricultural 
commodities from futures trading has taken place many times because 
of the belief that it leads to inflation6. Though, the history of 
commodity futures markets in India goes back to the nineteenth 
century (Cotton Trade Association started futures trading in 1875 in 
Bombay), futures trading under the current liberalized regime were 
allowed in 1993 with the recommendations of Kabra committee7. The 
policy with respect to futures trading had undergone a sea change 
afterwards from banning of trading to setting up of National 
Commodity Exchanges since 2002 using modern practices such as 
electronic trading and clearing. At present, India has three national 
exchanges and about twenty three regional exchanges trading many 
agricultural and non-agricultural commodities8. The government had 
set up Forward Market Commission (FMC) to regulate the commodity 
futures trading and the commodity exchanges are under the control of 
FMC.  
A number of studies addressed the impact of futures trading on 
agricultural commodity spot prices.9 Those studies, however, do not 
provide a conclusive explanation for the effects of futures trading on 
spot prices and relationship between futures and spot prices of 
commodities. The inconclusive debate on futures and spot price 
relations continue in the literature. It is evident from the literature 
survey that futures and spot markets of majority of agricultural 
commodities are integrated and spot and futures market prices are 
highly volatile in nature10. In this context, this paper explains spot and 
futures price volatility and the market integration of selected 
agricultural crops after the introduction of futures contracts. This will 
help us to understand whether spot and futures market integration 
explains the price stability in both the markets of commodities and 
their similarities and differences.
The paper is organized as follows. The following section gives review 
on market integration and price volatility. Section two explains data 
and methodology used in this study. The third section presents 
empirical results and final section draws inferences from the analysis.

1. LITERATURE REVIEW

In this section, we review literature on market integration and 
price volatility. The market integration literature talks about the 
integration of markets in general and integration of spot and futures 
markets in particular. Secondly, we discuss about the empirical 
literature on futures trading and its impact on spot market volatility. 

1.1 Integration of Markets

A vast number of studies deal with global market integration and 
explained price differentials in different markets and their 
relationship. Jain (1981) measured the integration of world 
commodity markets by analysing price movements in commodity 
markets to determine whether the price changes in one market are 
equal to price changes in other market. He argued that integration of 
commodity markets implies the existence of the law of one price11. 
The law of one price argument is also used to test commodities traded 
in futures markets in different countries and hold the view that law of 
one price tend to be commodity specific rather than due to external 
factors (Protopapadakis and Hans, 1983)12. The differences in trading 
systems in different markets can also lead to different degrees of 
market integration (Kempf and Olaf, 1985). Market integration 
becomes important when we discuss price discovery mechanism in 
different markets. A widely held argument is that perfectly integrated 
markets can lead to better price discovery among the markets. 
Alphonse (2000) has shown that information arrivals in the futures 
market have led to efficient price discovery in French stock index 
cash market. Similarly, price series of wheat traded in China 
Zhengzhou Commodity Exchange (CZCE) and Chicago Board of 
Trade (CBOT) are found to be interrelated, asymmetric not 
cointegrated, where CBOT holds a dominant position in the 
interactions while CZCE is a follower (Du, 2004).  
Apart from these literatures on integration of different markets, link 
between spot and futures markets have been widely discussed. In this, 
most studies are devoted to analyze integration of stock index of spot 
and futures markets across the world. The extent to which two 
markets influence each other depends on the level of integration of 
two markets. The prices are mostly interdependent: the futures 
markets give signal to spot market on the direction in which prices 
will move in the future and the futures prices are determined on the 
basis of the conditions in the spot market of commodities. Therefore, 
we can say that spot prices are the foremost determinant of futures 
price (Reid, 1999). Chai and Guo (2009) examined the integration of 
five international stock index spot and futures prices, concluded that 
index spot and futures prices are integrated and short-run adjustments 
of spot and futures prices were helped to reach the long term 
equilibrium. On the contrary, analysis on spot and futures prices of 
two of the Australian electricity regions in the National Electricity 
Market has shown that there is no long-run relationship between spot 
and futures prices of electricity market (Worthington and Helen, 
2004). Floros and Dimitrios (2007) investigated the lead lag 
relationship between futures and spot market of stock index of 
Greece. In line with similar findings of other literatures, his empirical 
analysis confirmed that futures market play a price discovery role 
implying that futures prices contain useful information about spot 
prices. Most researchers found out that price information flows from 
futures to spot market in many cases and futures market reacts first 
compared to spot market. Silvapulle and Imad (1999) investigated the 
relationship between spot and futures prices of crude oil using a 
sample of daily data. The results suggested that both spot and futures 
markets react simultaneously to new information. But Kazmi (2000) 
argued that high speculation and price manipulation in the futures 
market leads to non convergence of futures and spot markets. 
Relationship between spot and futures markets of agricultural 
commodities is still a debating issue. Developing spot market along 
with futures market and ensuring higher participation of farmers in the 
futures market is essential to integrate the futures and spot market of 
agricultural commodities (Srinivasan, 2008). On the other hand, 
Shawky et.al (2003) argued that effective hedging in the futures 
market leads to the convergence of spot and futures market of 
commodities. A positive correlation between spot and futures prices of 
soy oil was found in the Indian market, shows that over a period of 
time the difference between two prices has reduced (Ranjan, 2005). 
Similarly, co-integration between spot and futures prices was found 
for pepper, mustard and gur for all contracts while co-movement 
existed for few contracts of potato, sacking and castorseed (Lokare, 
2007). Recently, an analysis on pepper in the Cochin market has 
shown that futures price influences spot price and not vice versa, 
providing that price formation process at the spot market is based on 
futures prices (Raveendran etal, 2009). Similarly Bhardwaj and 
Vasisht (2009) investigated the integration of futures and spot market 
of gram. The co-integration technique was used to analyze the 
integration of futures and spot markets and the lead lag relationship 
between these two market prices. The result has shown that spot and 
futures prices were cointegrated and unidirectional granger causality 
were found from futures to spot markets of gram. In nutshell, from the 
above literature review, it is clear that there is no unique experience in 
terms of the integration of futures and spot markets for different 
commodities. This is very true for the agricultural commodities.

1.2 Price Volatility

Arguments against agricultural trade liberalization are mainly 
based on the imperfect nature of world agricultural markets and 
higher volatility of agricultural prices in international markets 
(Clairmont and Cavanagh, 1988; Gill and Brar, 1996; Sekhar, 2003a). 
The international price volatility is also transmits to the domestic 
commodity markets mainly in the developing countries. Sekhar 
(2004) argued that inter-year price volatility was less and intra-year 
price volatility was high in domestic markets compared to 
international markets and suggested that intra-year price volatility is 
an appropriate method of variability since it is taking into account the 
short-run price fluctuations. Apart from these literatures on 
international and domestic price volatility, studies have also examined 
spot and futures price volatility and price transmission from spot to 
futures market and vice versa. Analysis on transmission of prices and 
price volatility between the Australian electricity spot and futures 
markets during the period 1999 to 2001 have shown that transfer of 
information from futures to spot markets is high and persistent 
(Worthington and Helen, 2002).
In the Indian context, most work has focused on the impact of futures 
trading on spot market price volatility.  In this, many studies 
compared spot market volatility before and after introduction of 
futures trading while some of them have investigated the impact of 
futures activity ( futures prices, volume of trade in the futures market, 
transaction cost etc) on spot market price volatilities. Kamara (1982) 
compared cash market volatility before and after the introduction of 
futures trading and concluded that introduction of commodity futures 
trading has reduced cash price volatility. Singh (2004) investigated the 
Hessian cash price volatility before and after the introduction of 
futures trading, revealed that cash price volatility is less pronounced 
after 1992, when futures trade was allowed for the Hessian market. 
On the other hand, Yang et al (2005) examined the lead-lag 
relationship between futures trading activity and cash price volatility 
for major agricultural commodities. His analysis of Granger causality 
tests and generalized forecast error variance decompositions showed 
that an unexpected and unidirectional increase in futures trading 
volume drove cash price volatility up. A similar argument was 
suggested by Slade and Henry (2004) that there is a positive 
relationship between trading volume and volatility of spot prices.
Similarly, Ranjan (2005) has analyzed soy oil futures in Indian market 
and shown that futures trading were effective in reducing seasonal 
price volatilities but did not bring down daily price volatilities 
significantly. While, Sahi (2006) found out that nature of volatility did 
not change with the introduction of futures trading in wheat, turmeric, 
sugar, cotton, raw jute and soy oil. Nevertheless, a weak destabilizing 
effect of futures on spot prices was found in case of wheat and raw 
jute. But price volatility has decreased after the futures trading in the 
case of wheat, sugar, chana and maize (Sabnavis and Shilpa, 2007)13.  
Also the effect of introduction of futures trading on spot prices of 
pulses shows that volatilities of urad, gram and wheat prices were 
higher during the period of futures trading than the period prior to 
introduction and after the ban of futures contracts on these 
commodities (Nath and Tulsi, 2008)14. 
As discussed, a much debated issue in literature is whether or not spot 
prices are driven by futures prices or vice-versa. This has been a fairly 
controversial issue in India as there was a belief that prices of 
commodities had gone up on account of futures trading. Theoretically, 
futures prices have been defined as spot prices plus cost of carry. 
Futures price also reflect the expectations of production and hence 
supply flows. Spot prices on the other hand are dependent on actual 
demand-supply balances in the country and hence are quite divorced 
from the futures markets (Sabnavis and Shilpa, 2007). Evidence also 
suggests that for the seasonally produced and storable commodities, 
futures market has helped to stabilize production, thereby reducing the 
variability of seasonal price fluctuations. 
It is pointed out that spot price fluctuation happens due to excessive 
speculation in the futures market, which spoils spot market prices and 
creates supply uncertainty. Newman (2009) has argued that increase in 
speculative activities by both physical commodity trading and non-
physical commodity trading actors on derivative markets have led to 
heightened volatility in derivative prices and the short term 
fluctuations in derivative prices are increasingly transmitted to 
physical markets owing to the increase in participation of physical 
commodity trading actors on derivative markets for hedging purposes, 
and the resulting importance of derivative prices in determining prices 
on physical markets. An analysis of futures trading in Mentha oil has 
also suggested that excessive speculative interests has led to spurious 
price discovery and distortion in spot prices of Mentha oil 
(Sahadevan, 2008)15. But in the wake of consistent rise of inflation 
during the first quarter of 2007, Expert Committee (2008) was set and 
studied in detail the role of futures trading on the wholesale and retail 
prices of agricultural commodities in India. The analysis of 21 
agricultural commodities shown that the annual trend growth rate in 
prices (using both monthly and weekly data) was higher in the post 
futures period in 14 commodities viz. chana, pepper, jeera, urad, 
chillies, wheat, sugar, tur, raw cotton, rubber, cardamom, maize, raw 
jute and rice and lower in 7 commodities viz. soy oil, soy bean, rape 
seed/mustard seed, potato, turmeric, castor seed and gur. But this 
committee was also inconclusive on the relationship between futures 
and spot markets of agricultural commodities. Recently, Bhardwaj and 
Vasisht (2009) analyzed the integration of futures and spot market of 
gram. The result shows that price series of gram crop witnessed 
persistence and asymmetry in volatility of prices both in spot and 
futures market. The granger test direct unidirectional granger causality 
from futures to spot markets of gram and futures market price 
volatility is greater than that of the spot market.
Though, many of the studies analyzed integration of spot and futures 
markets and their causal relationships towards long run and shot run 
equilibrium and impact on spot market price volatility, none of them 
analyzed volatility in relation to the integration of spot and futures 
markets. Also, existing literature shows that the impact of futures 
market on spot market price volatility is different. The question is 
whether spot and futures market integration ensures price stability in 
both the markets. This paper analyses the nature of price volatility in 
two markets in relation to the integration of markets and addresses the 
question of whether price discovery ensures price stability. 

2. DATA AND METHODOLOGY

The crops such as guarseed, chana, pepper, rubber, mustard seed 
and refreshed soyiol has been taken for analysis. The selection of 
these crops is based on their highest share in futures trading of 
agricultural commodities in National Commodity Derivative 
Exchange (NCDEX)16.  The daily close price data on futures prices of 
these crops collected from NCDEX, India are used here. While daily 
data on spot prices are collected from both NCDEX and Multi-
Commodity Exchange (MCX)17. The data are adjusted for dates due to 
holidays for both the price series and we have used natural logarithms 
of daily spot and futures price series to minimize the hetroscedasticity 
in the values of level series. The details of data used and descriptive 
statistics are given in table 1 and 2 respectively.

The mean futures price of guarseed is higher than mean spot 
price implies futures price is higher than spot prices. This may be 
because of high outliers in the guarseed futures price compared to spot 
price. Also variation is very high (coefficient of variation of 48.9 
percent) in guarseed futures prices compared to spot prices 
(coefficient of variation of 9.9 percent). While in the case of chana the 
mean futures and spot prices are identical and there is not much 
variation in the spot and futures prices. This trend may be because of 
more flow of information from one market to other market. Pepper 
has a slight high average futures price and price variation compared to 
spot price. While in the case of rubber average spot price is higher 
than futures price but variation is high in the future price. Mustard 
seed and refreshed soyiol shows identical average spot and futures 
price and same variation in both futures and spot prices. From this, it 
is clear that spot and futures prices are moving in a same pattern and 
futures price is leading, volatile in nature compared to spot prices in 
most cases (table 2).

3. EMPIRICAL ANALYSIS

Existing studies have extensively used Co-integration analysis, 
Error correction model and Generalized Autoregressive Conditional 
Hetroscedasticiy (GARCH) models for estimating long-run 
relationship between spot and futures market prices and volatility 
analysis respectively18. Co-integration analysis reveals the extent to 
which two markets move together towards long run equilibrium.  It 
also allows for divergence of respective markets from long-run 
equilibrium in the short run (Schreiber and Robert, 1986). The error 
correction model explains the extent to which different markets play 
their role in correcting the equilibrium in the short-run. The GARCH 
model is generally used to estimate the time varying volatility in the 
variable. In order to analyze price discovery and spot and futures 
markets integration of the selected commodities, this study employs 
co-integration and error correction model.
The relationships between spot and futures markets are well 
established in the literature. When the futures and spot market are co-
integrated, they are expected to return to long run equilibrium after 
possible short run adjustment. The precondition for co-integration 
analysis is the non-stationarity check since time series economic 
variables are generally non-stationary and conventional tests are not 
valid in such situations (Dickey and Fuller, 1979).  The Augmented 
Dickey Fuller (ADF) and Phillips-Perron (PP) unit root tests have 
been used to examine the stationarity of spot and futures prices. 

3.1 Unit Root Test

The null hypothesis of a unit root or non-stationarity has not 
been rejected for the spot and futures prices for all the commodities 
under study. These series are found to be stationary in first 
differencing (table 3). The same order of integration for both spot and 
futures prices reveals that there exists a long run price equilibrium 
relationship between these prices and thus co-integration could be 
established for the two markets19. 
Therefore, there is a consensus that price change in one market 
(futures or spot commodity market) generating price change in the 
other market (futures or spot commodity market) with a view to bring 
a long run equilibrium relation is :

Equation (1) can be expressed as in the residual form as:

Where and are futures and spot price of same commodity in the 
respective markets at time t. Both and are intercept and coefficient 
terms, where as is estimated white noise disturbance term. The main 
advantage of co-integration is that each series can be represented by 
an error correction model which includes last periods equilibrium 
error with adding intercept term as well as lagged values of first 
difference of each variable. Therefore, casual relationship can be 
gauged by examining the statistical significance and relative 
magnitude of the error correction coefficient and coefficient on lagged 
variable. Hence, the error correction model is:

In the above two equations, the first part () is the equilibrium 
error which measures how the dependent variable in one equation 
adjusts to the previous periods deviation that arises from long run 
equilibrium. The remaining part of the equation is lagged first 
difference which represents the short run effect of previous periods 
change in price on current periods deviation. The coefficients of the 
equilibrium error,  a

f 
and a

s
, are the speed of adjustment coefficients 

in future and spot commodity markets that claim significant 
implication in an error correction model. At least one coefficient must 
be non zero for the model to be an error correction model (ECM). The 
coefficient acts as an evidence of direction of casual relation and 
reveals the speed at which discrepancy from equilibrium is corrected 
or minimized.  If a

f 
is statistically insignificant, the current periods 

change in future prices does not respond to last periods deviation from 
long run equilibrium. If  a

f 
and b

f
 both are statistically insignificant; 

the spot price does not Granger cause futures price. The justification 
of estimating ECM is to know which sample markets play a crucial 
role in the price discovery process.

3.2 Co-integration Analysis

The co-integration results of trace test and Maximum Eigen test 
are provided in table 4 and 5.  The null hypothesis of no co-
integrating vector (r=0) can be rejected for chana, pepper, rubber, 
mustard seed and refreshed soy oil as the trace statistics are higher 
than the critical values at 5 per cent level. Thus, the co-integration 
result found to be significant for chana, pepper, rubber, mustard seed 
and refreshed soy oil and no co-integrating relationship is found for 
guarseed. This means that the long run relation between prices exists 
for commodities except guar seed.

The lead lag relationship between spot and futures market prices 
was also examined using Granger causality as the same was not 
available in co-integration analysis. Granger (1969) approach to the 
question of whether X causes Y is to see how much of the current Y 
can be explained by past values of Y and then to see whether adding 
lagged values of X can improve the explanation. Y is said to be 
Granger caused by X if X helps in the prediction of Y, or equivalently 
if the coefficients on the lagged Xs statistically significant. The two 
way causation is frequently the case; X Granger causes Y and Y 
Granger causes X. it is important to note that X Granger causes Y 
does not imply Y is the effect or result of X. Granger causality 
measures precedence and information content but does not by itself 
indicate causality.

The result of Granger test detects unidirectional Granger 
causality from futures to spot markets for pepper, mustard seed and 
refreshed soy oil and spot to futures markets for rubber. Bidirectional 
Granger Causality was found in case of chana and no Granger 
causality was found in the case of guarseed (table 6). 

3.3 Results of Error Correction Model

The error correction model was applied to determine the effects 
of shocks in the short run and long run equilibrium. This model also 
allows for the short run shocks and estimates the degree of 
convergence towards the long run relationship. The result however 
confirms the presence of long run relationship between the price series 
as the error correction coefficient of at least one variable was 
significant for all the commodities (table 7). The coefficient of error 
correction term was positive and significant in the case of spot market 
equation for chana, pepper, rubber, mustard seed and refreshed soy 
oil. This implies that spot prices are stable in the long run for these 
commodities though they are volatile in the short run. But the error 
correction coefficient is negative and significant in the case of futures 
market equation for guar seed, implies futures prices are stable in the 
long run.  The coefficient of error equilibrium is -0.016 in future 
market equation for pepper indicates that when the average futures 
price was too high, it immediately falls back toward spot price. This 
means that futures price corrects to its previous periods dis-
equilibrium by 1.6 percent. Similar explanations apply to error 
correction coefficients of spot and futures markets of all commodities. 
Broadly, the results indicate the existence of long run relationship 
between spot and futures prices and the adjustment towards 
equilibrium is made by the spot prices, though price signals flows 
from futures to spot markets.

3.4 Price Volatility

The volatility (Coefficient of variation is used) analysis of 
commodities shows that futures market volatility is higher than spot 
market volatility for guar seed, pepper, rubber, mustard seed and spot 
market volatility is higher than futures market for chana and refreshed 
soy oil (table 2). Volatility in futures price is very high (Coefficient of 
Variation, 49 %) compared to spot prices (Coefficient of Variation, 10 
%) of guar seed.  Though, futures market volatility is higher than spot 
market volatility, the differences in volatilities between the two 
markets are low for all commodities.  This indicates that spot market 
is also volatile though price signals flows from futures to spot market. 
This also shows that volatility in one market is related to the other 
market since both the markets are related each other and moving in a 
same pattern. Coefficient of variation does not explain time varying 
volatility in the price series. Hence the volatility analysis based on 
coefficient of variation has limitations. Existing studies have largely 
used GARCH extension models to measure volatilities in spot and 
futures prices. The extension models are not attempted in this paper.

4. CONCLUSION

This study has employed co-integration and error correction 
model to analyze the price discovery and integration of spot and 
futures markets of the selected commodities. The Augmented Dickey 
Fuller and Phillips-Perron unit root tests have been used to examine 
the stationarity of spot and futures prices. The null hypothesis of a 
unit root or non-stationarity has not been rejected for the spot and 
futures prices for all the commodities under study. These series are 
found to be stationary in first differencing. The same order of 
integration for both spot and futures prices reveals that there exists a 
long run price equilibrium relationship between these prices and thus 
co-integration could be established for the two markets.
The co-integration result found to be significant for chana, pepper, 
rubber, mustard seed and refreshed soy oil and no co-integrating 
relationship is found for guarseed. This means that the long run 
relation between prices exists for commodities except guar seed. The 
result of Granger test detects unidirectional Granger causality from 
futures to spot markets for pepper, mustard seed and refreshed soy oil 
and spot to futures markets for rubber. Bidirectional Granger 
Causality was found in case of chana and no Granger causality was 
found in the case of guarseed.

Coefficient of variation analysis shows that futures market price 
volatility is higher than spot market for guar seed, pepper, rubber, 
mustard seed and spot market price volatility is higher than futures 
market for chana and refreshed soyoil. Even though, price change in 
futures market is higher than spot market, differences in price changes 
between the two markets are low. This indicates that spot market is 
volatile since price signals flows from futures to spot market in most 
case. The volatility in the futures prices may be induced by the 
speculative nature of the futures markets and hence spot market also 
volatile. The results also show that integrated spot and futures market 
does not bring stability in spot and futures market prices. From this 
we can say that integration of the two markets provides only price 
discovery and not price stability. This analysis suggests the need for 
exploring different mechanisms through which the futures and spot 
markets are integrated. This will contribute to the inconclusive debate 
on the relationship between spot and futures markets.

NOTES

1 Futures markets serve two important functions such as price discovery 
and risk management. In general, futures prices reflect the collective expectations 
of market agents about prospective demand and supply of commodities at maturity 
of futures contract. Since the futures prices are a reflection of futures demand and 
supply conditions of markets, they provide market signals to the farmers for 
deciding the appropriate cropping pattern. Through hedging, farmers can mitigate 
the price risk that they may face in the spot market with volatile prices  Elumalai 
et al (2009).

2 Singh (2004), Ranjan (2005), Karande (2006) etc.

3 Nath &Lingareddy (2008, Coble and Knight (2001) Yang, Balyeat 
&Leatham (2005) etc.

4 Elumalai et.al (2009)

5 Mattos and Garcia (2004)

6 In the recent past (end of 2007), when the prices of essential 
commodities were gone up, the government of India banned few commodities 
from the futures trading list. 

7 After the Indian economy embarked upon the process of liberalization 
and globalization in 1990, the government set up a committee in 1993 to examine 
the role of futures trading. The committee (headed by Prof. K.N. Kabra) 
recommended futures trading in 17 commodity groups. It also recommended 
strengthening of the Forward Markets Commission and certain amendments to 
Forward Contracts Act (1952) particularly allowing options trading in goods and 
registration of brokers with Forward Market commission 

8 The three major national exchanges are Multi Commodity Exchange 
(MCX), National Commodity Derivative Exchange (NCDEX) and National Multi 
Commodity Exchange (NMCE).  Futures contracts are available for major 
agricultural commodities, metals and energy. The total value of trades in the 
commodity futures market rose from Rs.50.34 lakh crore in 2008 to Rs. 70.90 lakh 
crore during 2009 (Economic Survey, 2009-10).

9 Singh (2004), Nath &Lingareddy (2008), Hazell et.al, (1986), Coble 
and Knight (2001), Yang, Balyeat & Leatham (2005), Ranjan (2005), Mattos and 
Garcia (2004) and Elumalai et al (2009). 

10 Nath &Lingareddy (2008), Yang, Balyeat & Leatham (2005), Karande 
(2006), Expert Committee (2008) Elumalai et al (2009) and Bhardwaj and Vasisht 
(2009).
11 If the two markets are integrated, price changes in one of the markets 
should be completely explained by price changes in the other market. 

12 The external factors like exchange rate, demand and supply factors also 
affect the prices. 

13 Annual average price volatility for 2001-04 and 2004-06 has been used 
by this study.

14 The government has ordered for delisting of futures contracts in 
agricultural commodities like urad, tur, wheat and rice in early 2007 with a 
suspicion that futures trading in these commodities had been contributing for the 
rise in their domestic spot prices. 

15 The sample survey carried out among the farmers in the major mentha 
growing districts in Uttar Pradesh, Moradabad, Rampur and Barabanki revealed 
that farmers participation was very low, out of thirty samples, seven are found to 
be aware of the market. 

16 NCDEX is a leading commodity exchange in India.  Soy oil, guarseed, 
pepper, chana and mustard seed accounts highest share to the total share of 
agricultural trading during 2007-08. While rubber has constant share in the total 
trade volume from the period 2004-05 to 2007-08. See appendix table.

17 MCX and NCDEX are the leading commodity exchanges in India. The 
spot and futures prices for guarseed, chana, rubber, pepper are in Rupees per 100 
kg and mustard seed is in Rupees per 20kg and Rupees per 10 kg for refreshed soy 
oil.

18 Johansen, (1991), Karande (2006), Jha (2009), Elumalai et.al (2009).

19 The estimation procedure was based on the methodology developed by 
Johansen (1991) and Johansen (1995).
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Spot and Futures Markets of Agricultural 
Commodities in India: Analysis of Price 

Integration and Volatility

ABSTRACT

This paper deals with spot and futures price volatility of 
selected agricultural crops by analyzing their market 
integration. This helps us to understand whether spot and 
futures market integration explains price stability in both the 
markets of commodities and their similarities and differences 
across crops. The co-integration result found to be significant 
for chana, pepper, rubber, mustard seed and refreshed soy oil 
and no co-integrating relationship is found for guarseed. This 
means that the long run relation between prices exists for 
commodities except guar seed. The result of Granger test 
detects unidirectional Granger causality from futures to spot 
markets for pepper, mustard seed and refreshed soy oil and 
spot to futures markets for rubber. Bidirectional Granger 
causality was found in case of chana and no Granger causality 
was found in the case of guarseed. Volatility (Coefficient of 
variation is used) analysis of commodity prices show that 
futures market price volatility is higher than spot market for 
guar seed, pepper, rubber, mustard seed and spot market price 
volatility is higher than futures market for chana and refreshed 
soyoil. 

Keywords: Price volatility, Market integration, Futures 
trading, Agriculture, India

INTRODUCTION

Though commodity futures markets are considered as risk 
sharing mechanisms by which commodity producers can hedge their 
price risk1, its relationship with spot markets and benefits to 
commodity producers are intensely debated.  In India, there exist 
contesting views on the relationship between spot and futures markets 
of agricultural commodities.  A set of studies argue that futures market 
reduces spot market price volatility2 while other set of studies opposes 
this view3. The argument that futures trading affects spot markets by 
increasing price volatility in spot market is based on the assumption 
that futures markets are thin and spot traders tend to follow price 
signals from futures markets4. It is also argued that futures market is 
dominated by speculative interests driving the prices away from 
underlying fundamentals in the spot market (Sahadevan, 2008).  
Speculation in the futures market and its destabilizing effect on spot 
market has also often led to government intervention to ensure 
effective functioning of commodity derivatives across the world5. This 
has also happened in the Indian context where ban of agricultural 
commodities from futures trading has taken place many times because 
of the belief that it leads to inflation6. Though, the history of 
commodity futures markets in India goes back to the nineteenth 
century (Cotton Trade Association started futures trading in 1875 in 
Bombay), futures trading under the current liberalized regime were 
allowed in 1993 with the recommendations of Kabra committee7. The 
policy with respect to futures trading had undergone a sea change 
afterwards from banning of trading to setting up of National 
Commodity Exchanges since 2002 using modern practices such as 
electronic trading and clearing. At present, India has three national 
exchanges and about twenty three regional exchanges trading many 
agricultural and non-agricultural commodities8. The government had 
set up Forward Market Commission (FMC) to regulate the commodity 
futures trading and the commodity exchanges are under the control of 
FMC.  
A number of studies addressed the impact of futures trading on 
agricultural commodity spot prices.9 Those studies, however, do not 
provide a conclusive explanation for the effects of futures trading on 
spot prices and relationship between futures and spot prices of 
commodities. The inconclusive debate on futures and spot price 
relations continue in the literature. It is evident from the literature 
survey that futures and spot markets of majority of agricultural 
commodities are integrated and spot and futures market prices are 
highly volatile in nature10. In this context, this paper explains spot and 
futures price volatility and the market integration of selected 
agricultural crops after the introduction of futures contracts. This will 
help us to understand whether spot and futures market integration 
explains the price stability in both the markets of commodities and 
their similarities and differences.
The paper is organized as follows. The following section gives review 
on market integration and price volatility. Section two explains data 
and methodology used in this study. The third section presents 
empirical results and final section draws inferences from the analysis.

1. LITERATURE REVIEW

In this section, we review literature on market integration and 
price volatility. The market integration literature talks about the 
integration of markets in general and integration of spot and futures 
markets in particular. Secondly, we discuss about the empirical 
literature on futures trading and its impact on spot market volatility. 

1.1 Integration of Markets

A vast number of studies deal with global market integration and 
explained price differentials in different markets and their 
relationship. Jain (1981) measured the integration of world 
commodity markets by analysing price movements in commodity 
markets to determine whether the price changes in one market are 
equal to price changes in other market. He argued that integration of 
commodity markets implies the existence of the law of one price11. 
The law of one price argument is also used to test commodities traded 
in futures markets in different countries and hold the view that law of 
one price tend to be commodity specific rather than due to external 
factors (Protopapadakis and Hans, 1983)12. The differences in trading 
systems in different markets can also lead to different degrees of 
market integration (Kempf and Olaf, 1985). Market integration 
becomes important when we discuss price discovery mechanism in 
different markets. A widely held argument is that perfectly integrated 
markets can lead to better price discovery among the markets. 
Alphonse (2000) has shown that information arrivals in the futures 
market have led to efficient price discovery in French stock index 
cash market. Similarly, price series of wheat traded in China 
Zhengzhou Commodity Exchange (CZCE) and Chicago Board of 
Trade (CBOT) are found to be interrelated, asymmetric not 
cointegrated, where CBOT holds a dominant position in the 
interactions while CZCE is a follower (Du, 2004).  
Apart from these literatures on integration of different markets, link 
between spot and futures markets have been widely discussed. In this, 
most studies are devoted to analyze integration of stock index of spot 
and futures markets across the world. The extent to which two 
markets influence each other depends on the level of integration of 
two markets. The prices are mostly interdependent: the futures 
markets give signal to spot market on the direction in which prices 
will move in the future and the futures prices are determined on the 
basis of the conditions in the spot market of commodities. Therefore, 
we can say that spot prices are the foremost determinant of futures 
price (Reid, 1999). Chai and Guo (2009) examined the integration of 
five international stock index spot and futures prices, concluded that 
index spot and futures prices are integrated and short-run adjustments 
of spot and futures prices were helped to reach the long term 
equilibrium. On the contrary, analysis on spot and futures prices of 
two of the Australian electricity regions in the National Electricity 
Market has shown that there is no long-run relationship between spot 
and futures prices of electricity market (Worthington and Helen, 
2004). Floros and Dimitrios (2007) investigated the lead lag 
relationship between futures and spot market of stock index of 
Greece. In line with similar findings of other literatures, his empirical 
analysis confirmed that futures market play a price discovery role 
implying that futures prices contain useful information about spot 
prices. Most researchers found out that price information flows from 
futures to spot market in many cases and futures market reacts first 
compared to spot market. Silvapulle and Imad (1999) investigated the 
relationship between spot and futures prices of crude oil using a 
sample of daily data. The results suggested that both spot and futures 
markets react simultaneously to new information. But Kazmi (2000) 
argued that high speculation and price manipulation in the futures 
market leads to non convergence of futures and spot markets. 
Relationship between spot and futures markets of agricultural 
commodities is still a debating issue. Developing spot market along 
with futures market and ensuring higher participation of farmers in the 
futures market is essential to integrate the futures and spot market of 
agricultural commodities (Srinivasan, 2008). On the other hand, 
Shawky et.al (2003) argued that effective hedging in the futures 
market leads to the convergence of spot and futures market of 
commodities. A positive correlation between spot and futures prices of 
soy oil was found in the Indian market, shows that over a period of 
time the difference between two prices has reduced (Ranjan, 2005). 
Similarly, co-integration between spot and futures prices was found 
for pepper, mustard and gur for all contracts while co-movement 
existed for few contracts of potato, sacking and castorseed (Lokare, 
2007). Recently, an analysis on pepper in the Cochin market has 
shown that futures price influences spot price and not vice versa, 
providing that price formation process at the spot market is based on 
futures prices (Raveendran etal, 2009). Similarly Bhardwaj and 
Vasisht (2009) investigated the integration of futures and spot market 
of gram. The co-integration technique was used to analyze the 
integration of futures and spot markets and the lead lag relationship 
between these two market prices. The result has shown that spot and 
futures prices were cointegrated and unidirectional granger causality 
were found from futures to spot markets of gram. In nutshell, from the 
above literature review, it is clear that there is no unique experience in 
terms of the integration of futures and spot markets for different 
commodities. This is very true for the agricultural commodities.

1.2 Price Volatility

Arguments against agricultural trade liberalization are mainly 
based on the imperfect nature of world agricultural markets and 
higher volatility of agricultural prices in international markets 
(Clairmont and Cavanagh, 1988; Gill and Brar, 1996; Sekhar, 2003a). 
The international price volatility is also transmits to the domestic 
commodity markets mainly in the developing countries. Sekhar 
(2004) argued that inter-year price volatility was less and intra-year 
price volatility was high in domestic markets compared to 
international markets and suggested that intra-year price volatility is 
an appropriate method of variability since it is taking into account the 
short-run price fluctuations. Apart from these literatures on 
international and domestic price volatility, studies have also examined 
spot and futures price volatility and price transmission from spot to 
futures market and vice versa. Analysis on transmission of prices and 
price volatility between the Australian electricity spot and futures 
markets during the period 1999 to 2001 have shown that transfer of 
information from futures to spot markets is high and persistent 
(Worthington and Helen, 2002).
In the Indian context, most work has focused on the impact of futures 
trading on spot market price volatility.  In this, many studies 
compared spot market volatility before and after introduction of 
futures trading while some of them have investigated the impact of 
futures activity ( futures prices, volume of trade in the futures market, 
transaction cost etc) on spot market price volatilities. Kamara (1982) 
compared cash market volatility before and after the introduction of 
futures trading and concluded that introduction of commodity futures 
trading has reduced cash price volatility. Singh (2004) investigated the 
Hessian cash price volatility before and after the introduction of 
futures trading, revealed that cash price volatility is less pronounced 
after 1992, when futures trade was allowed for the Hessian market. 
On the other hand, Yang et al (2005) examined the lead-lag 
relationship between futures trading activity and cash price volatility 
for major agricultural commodities. His analysis of Granger causality 
tests and generalized forecast error variance decompositions showed 
that an unexpected and unidirectional increase in futures trading 
volume drove cash price volatility up. A similar argument was 
suggested by Slade and Henry (2004) that there is a positive 
relationship between trading volume and volatility of spot prices.
Similarly, Ranjan (2005) has analyzed soy oil futures in Indian market 
and shown that futures trading were effective in reducing seasonal 
price volatilities but did not bring down daily price volatilities 
significantly. While, Sahi (2006) found out that nature of volatility did 
not change with the introduction of futures trading in wheat, turmeric, 
sugar, cotton, raw jute and soy oil. Nevertheless, a weak destabilizing 
effect of futures on spot prices was found in case of wheat and raw 
jute. But price volatility has decreased after the futures trading in the 
case of wheat, sugar, chana and maize (Sabnavis and Shilpa, 2007)13.  
Also the effect of introduction of futures trading on spot prices of 
pulses shows that volatilities of urad, gram and wheat prices were 
higher during the period of futures trading than the period prior to 
introduction and after the ban of futures contracts on these 
commodities (Nath and Tulsi, 2008)14. 
As discussed, a much debated issue in literature is whether or not spot 
prices are driven by futures prices or vice-versa. This has been a fairly 
controversial issue in India as there was a belief that prices of 
commodities had gone up on account of futures trading. Theoretically, 
futures prices have been defined as spot prices plus cost of carry. 
Futures price also reflect the expectations of production and hence 
supply flows. Spot prices on the other hand are dependent on actual 
demand-supply balances in the country and hence are quite divorced 
from the futures markets (Sabnavis and Shilpa, 2007). Evidence also 
suggests that for the seasonally produced and storable commodities, 
futures market has helped to stabilize production, thereby reducing the 
variability of seasonal price fluctuations. 
It is pointed out that spot price fluctuation happens due to excessive 
speculation in the futures market, which spoils spot market prices and 
creates supply uncertainty. Newman (2009) has argued that increase in 
speculative activities by both physical commodity trading and non-
physical commodity trading actors on derivative markets have led to 
heightened volatility in derivative prices and the short term 
fluctuations in derivative prices are increasingly transmitted to 
physical markets owing to the increase in participation of physical 
commodity trading actors on derivative markets for hedging purposes, 
and the resulting importance of derivative prices in determining prices 
on physical markets. An analysis of futures trading in Mentha oil has 
also suggested that excessive speculative interests has led to spurious 
price discovery and distortion in spot prices of Mentha oil 
(Sahadevan, 2008)15. But in the wake of consistent rise of inflation 
during the first quarter of 2007, Expert Committee (2008) was set and 
studied in detail the role of futures trading on the wholesale and retail 
prices of agricultural commodities in India. The analysis of 21 
agricultural commodities shown that the annual trend growth rate in 
prices (using both monthly and weekly data) was higher in the post 
futures period in 14 commodities viz. chana, pepper, jeera, urad, 
chillies, wheat, sugar, tur, raw cotton, rubber, cardamom, maize, raw 
jute and rice and lower in 7 commodities viz. soy oil, soy bean, rape 
seed/mustard seed, potato, turmeric, castor seed and gur. But this 
committee was also inconclusive on the relationship between futures 
and spot markets of agricultural commodities. Recently, Bhardwaj and 
Vasisht (2009) analyzed the integration of futures and spot market of 
gram. The result shows that price series of gram crop witnessed 
persistence and asymmetry in volatility of prices both in spot and 
futures market. The granger test direct unidirectional granger causality 
from futures to spot markets of gram and futures market price 
volatility is greater than that of the spot market.
Though, many of the studies analyzed integration of spot and futures 
markets and their causal relationships towards long run and shot run 
equilibrium and impact on spot market price volatility, none of them 
analyzed volatility in relation to the integration of spot and futures 
markets. Also, existing literature shows that the impact of futures 
market on spot market price volatility is different. The question is 
whether spot and futures market integration ensures price stability in 
both the markets. This paper analyses the nature of price volatility in 
two markets in relation to the integration of markets and addresses the 
question of whether price discovery ensures price stability. 

2. DATA AND METHODOLOGY

The crops such as guarseed, chana, pepper, rubber, mustard seed 
and refreshed soyiol has been taken for analysis. The selection of 
these crops is based on their highest share in futures trading of 
agricultural commodities in National Commodity Derivative 
Exchange (NCDEX)16.  The daily close price data on futures prices of 
these crops collected from NCDEX, India are used here. While daily 
data on spot prices are collected from both NCDEX and Multi-
Commodity Exchange (MCX)17. The data are adjusted for dates due to 
holidays for both the price series and we have used natural logarithms 
of daily spot and futures price series to minimize the hetroscedasticity 
in the values of level series. The details of data used and descriptive 
statistics are given in table 1 and 2 respectively.

The mean futures price of guarseed is higher than mean spot 
price implies futures price is higher than spot prices. This may be 
because of high outliers in the guarseed futures price compared to spot 
price. Also variation is very high (coefficient of variation of 48.9 
percent) in guarseed futures prices compared to spot prices 
(coefficient of variation of 9.9 percent). While in the case of chana the 
mean futures and spot prices are identical and there is not much 
variation in the spot and futures prices. This trend may be because of 
more flow of information from one market to other market. Pepper 
has a slight high average futures price and price variation compared to 
spot price. While in the case of rubber average spot price is higher 
than futures price but variation is high in the future price. Mustard 
seed and refreshed soyiol shows identical average spot and futures 
price and same variation in both futures and spot prices. From this, it 
is clear that spot and futures prices are moving in a same pattern and 
futures price is leading, volatile in nature compared to spot prices in 
most cases (table 2).

3. EMPIRICAL ANALYSIS

Existing studies have extensively used Co-integration analysis, 
Error correction model and Generalized Autoregressive Conditional 
Hetroscedasticiy (GARCH) models for estimating long-run 
relationship between spot and futures market prices and volatility 
analysis respectively18. Co-integration analysis reveals the extent to 
which two markets move together towards long run equilibrium.  It 
also allows for divergence of respective markets from long-run 
equilibrium in the short run (Schreiber and Robert, 1986). The error 
correction model explains the extent to which different markets play 
their role in correcting the equilibrium in the short-run. The GARCH 
model is generally used to estimate the time varying volatility in the 
variable. In order to analyze price discovery and spot and futures 
markets integration of the selected commodities, this study employs 
co-integration and error correction model.
The relationships between spot and futures markets are well 
established in the literature. When the futures and spot market are co-
integrated, they are expected to return to long run equilibrium after 
possible short run adjustment. The precondition for co-integration 
analysis is the non-stationarity check since time series economic 
variables are generally non-stationary and conventional tests are not 
valid in such situations (Dickey and Fuller, 1979).  The Augmented 
Dickey Fuller (ADF) and Phillips-Perron (PP) unit root tests have 
been used to examine the stationarity of spot and futures prices. 

3.1 Unit Root Test

The null hypothesis of a unit root or non-stationarity has not 
been rejected for the spot and futures prices for all the commodities 
under study. These series are found to be stationary in first 
differencing (table 3). The same order of integration for both spot and 
futures prices reveals that there exists a long run price equilibrium 
relationship between these prices and thus co-integration could be 
established for the two markets19. 
Therefore, there is a consensus that price change in one market 
(futures or spot commodity market) generating price change in the 
other market (futures or spot commodity market) with a view to bring 
a long run equilibrium relation is :

Equation (1) can be expressed as in the residual form as:

Where and are futures and spot price of same commodity in the 
respective markets at time t. Both and are intercept and coefficient 
terms, where as is estimated white noise disturbance term. The main 
advantage of co-integration is that each series can be represented by 
an error correction model which includes last periods equilibrium 
error with adding intercept term as well as lagged values of first 
difference of each variable. Therefore, casual relationship can be 
gauged by examining the statistical significance and relative 
magnitude of the error correction coefficient and coefficient on lagged 
variable. Hence, the error correction model is:

In the above two equations, the first part () is the equilibrium 
error which measures how the dependent variable in one equation 
adjusts to the previous periods deviation that arises from long run 
equilibrium. The remaining part of the equation is lagged first 
difference which represents the short run effect of previous periods 
change in price on current periods deviation. The coefficients of the 
equilibrium error,  a

f 
and a

s
, are the speed of adjustment coefficients 

in future and spot commodity markets that claim significant 
implication in an error correction model. At least one coefficient must 
be non zero for the model to be an error correction model (ECM). The 
coefficient acts as an evidence of direction of casual relation and 
reveals the speed at which discrepancy from equilibrium is corrected 
or minimized.  If a

f 
is statistically insignificant, the current periods 

change in future prices does not respond to last periods deviation from 
long run equilibrium. If  a

f 
and b

f
 both are statistically insignificant; 

the spot price does not Granger cause futures price. The justification 
of estimating ECM is to know which sample markets play a crucial 
role in the price discovery process.

3.2 Co-integration Analysis

The co-integration results of trace test and Maximum Eigen test 
are provided in table 4 and 5.  The null hypothesis of no co-
integrating vector (r=0) can be rejected for chana, pepper, rubber, 
mustard seed and refreshed soy oil as the trace statistics are higher 
than the critical values at 5 per cent level. Thus, the co-integration 
result found to be significant for chana, pepper, rubber, mustard seed 
and refreshed soy oil and no co-integrating relationship is found for 
guarseed. This means that the long run relation between prices exists 
for commodities except guar seed.

The lead lag relationship between spot and futures market prices 
was also examined using Granger causality as the same was not 
available in co-integration analysis. Granger (1969) approach to the 
question of whether X causes Y is to see how much of the current Y 
can be explained by past values of Y and then to see whether adding 
lagged values of X can improve the explanation. Y is said to be 
Granger caused by X if X helps in the prediction of Y, or equivalently 
if the coefficients on the lagged Xs statistically significant. The two 
way causation is frequently the case; X Granger causes Y and Y 
Granger causes X. it is important to note that X Granger causes Y 
does not imply Y is the effect or result of X. Granger causality 
measures precedence and information content but does not by itself 
indicate causality.

The result of Granger test detects unidirectional Granger 
causality from futures to spot markets for pepper, mustard seed and 
refreshed soy oil and spot to futures markets for rubber. Bidirectional 
Granger Causality was found in case of chana and no Granger 
causality was found in the case of guarseed (table 6). 

3.3 Results of Error Correction Model

The error correction model was applied to determine the effects 
of shocks in the short run and long run equilibrium. This model also 
allows for the short run shocks and estimates the degree of 
convergence towards the long run relationship. The result however 
confirms the presence of long run relationship between the price series 
as the error correction coefficient of at least one variable was 
significant for all the commodities (table 7). The coefficient of error 
correction term was positive and significant in the case of spot market 
equation for chana, pepper, rubber, mustard seed and refreshed soy 
oil. This implies that spot prices are stable in the long run for these 
commodities though they are volatile in the short run. But the error 
correction coefficient is negative and significant in the case of futures 
market equation for guar seed, implies futures prices are stable in the 
long run.  The coefficient of error equilibrium is -0.016 in future 
market equation for pepper indicates that when the average futures 
price was too high, it immediately falls back toward spot price. This 
means that futures price corrects to its previous periods dis-
equilibrium by 1.6 percent. Similar explanations apply to error 
correction coefficients of spot and futures markets of all commodities. 
Broadly, the results indicate the existence of long run relationship 
between spot and futures prices and the adjustment towards 
equilibrium is made by the spot prices, though price signals flows 
from futures to spot markets.

3.4 Price Volatility

The volatility (Coefficient of variation is used) analysis of 
commodities shows that futures market volatility is higher than spot 
market volatility for guar seed, pepper, rubber, mustard seed and spot 
market volatility is higher than futures market for chana and refreshed 
soy oil (table 2). Volatility in futures price is very high (Coefficient of 
Variation, 49 %) compared to spot prices (Coefficient of Variation, 10 
%) of guar seed.  Though, futures market volatility is higher than spot 
market volatility, the differences in volatilities between the two 
markets are low for all commodities.  This indicates that spot market 
is also volatile though price signals flows from futures to spot market. 
This also shows that volatility in one market is related to the other 
market since both the markets are related each other and moving in a 
same pattern. Coefficient of variation does not explain time varying 
volatility in the price series. Hence the volatility analysis based on 
coefficient of variation has limitations. Existing studies have largely 
used GARCH extension models to measure volatilities in spot and 
futures prices. The extension models are not attempted in this paper.

4. CONCLUSION

This study has employed co-integration and error correction 
model to analyze the price discovery and integration of spot and 
futures markets of the selected commodities. The Augmented Dickey 
Fuller and Phillips-Perron unit root tests have been used to examine 
the stationarity of spot and futures prices. The null hypothesis of a 
unit root or non-stationarity has not been rejected for the spot and 
futures prices for all the commodities under study. These series are 
found to be stationary in first differencing. The same order of 
integration for both spot and futures prices reveals that there exists a 
long run price equilibrium relationship between these prices and thus 
co-integration could be established for the two markets.
The co-integration result found to be significant for chana, pepper, 
rubber, mustard seed and refreshed soy oil and no co-integrating 
relationship is found for guarseed. This means that the long run 
relation between prices exists for commodities except guar seed. The 
result of Granger test detects unidirectional Granger causality from 
futures to spot markets for pepper, mustard seed and refreshed soy oil 
and spot to futures markets for rubber. Bidirectional Granger 
Causality was found in case of chana and no Granger causality was 
found in the case of guarseed.

Coefficient of variation analysis shows that futures market price 
volatility is higher than spot market for guar seed, pepper, rubber, 
mustard seed and spot market price volatility is higher than futures 
market for chana and refreshed soyoil. Even though, price change in 
futures market is higher than spot market, differences in price changes 
between the two markets are low. This indicates that spot market is 
volatile since price signals flows from futures to spot market in most 
case. The volatility in the futures prices may be induced by the 
speculative nature of the futures markets and hence spot market also 
volatile. The results also show that integrated spot and futures market 
does not bring stability in spot and futures market prices. From this 
we can say that integration of the two markets provides only price 
discovery and not price stability. This analysis suggests the need for 
exploring different mechanisms through which the futures and spot 
markets are integrated. This will contribute to the inconclusive debate 
on the relationship between spot and futures markets.

NOTES

1 Futures markets serve two important functions such as price discovery 
and risk management. In general, futures prices reflect the collective expectations 
of market agents about prospective demand and supply of commodities at maturity 
of futures contract. Since the futures prices are a reflection of futures demand and 
supply conditions of markets, they provide market signals to the farmers for 
deciding the appropriate cropping pattern. Through hedging, farmers can mitigate 
the price risk that they may face in the spot market with volatile prices  Elumalai 
et al (2009).

2 Singh (2004), Ranjan (2005), Karande (2006) etc.

3 Nath &Lingareddy (2008, Coble and Knight (2001) Yang, Balyeat 
&Leatham (2005) etc.

4 Elumalai et.al (2009)

5 Mattos and Garcia (2004)

6 In the recent past (end of 2007), when the prices of essential 
commodities were gone up, the government of India banned few commodities 
from the futures trading list. 

7 After the Indian economy embarked upon the process of liberalization 
and globalization in 1990, the government set up a committee in 1993 to examine 
the role of futures trading. The committee (headed by Prof. K.N. Kabra) 
recommended futures trading in 17 commodity groups. It also recommended 
strengthening of the Forward Markets Commission and certain amendments to 
Forward Contracts Act (1952) particularly allowing options trading in goods and 
registration of brokers with Forward Market commission 

8 The three major national exchanges are Multi Commodity Exchange 
(MCX), National Commodity Derivative Exchange (NCDEX) and National Multi 
Commodity Exchange (NMCE).  Futures contracts are available for major 
agricultural commodities, metals and energy. The total value of trades in the 
commodity futures market rose from Rs.50.34 lakh crore in 2008 to Rs. 70.90 lakh 
crore during 2009 (Economic Survey, 2009-10).

9 Singh (2004), Nath &Lingareddy (2008), Hazell et.al, (1986), Coble 
and Knight (2001), Yang, Balyeat & Leatham (2005), Ranjan (2005), Mattos and 
Garcia (2004) and Elumalai et al (2009). 

10 Nath &Lingareddy (2008), Yang, Balyeat & Leatham (2005), Karande 
(2006), Expert Committee (2008) Elumalai et al (2009) and Bhardwaj and Vasisht 
(2009).
11 If the two markets are integrated, price changes in one of the markets 
should be completely explained by price changes in the other market. 

12 The external factors like exchange rate, demand and supply factors also 
affect the prices. 

13 Annual average price volatility for 2001-04 and 2004-06 has been used 
by this study.

14 The government has ordered for delisting of futures contracts in 
agricultural commodities like urad, tur, wheat and rice in early 2007 with a 
suspicion that futures trading in these commodities had been contributing for the 
rise in their domestic spot prices. 

15 The sample survey carried out among the farmers in the major mentha 
growing districts in Uttar Pradesh, Moradabad, Rampur and Barabanki revealed 
that farmers participation was very low, out of thirty samples, seven are found to 
be aware of the market. 

16 NCDEX is a leading commodity exchange in India.  Soy oil, guarseed, 
pepper, chana and mustard seed accounts highest share to the total share of 
agricultural trading during 2007-08. While rubber has constant share in the total 
trade volume from the period 2004-05 to 2007-08. See appendix table.

17 MCX and NCDEX are the leading commodity exchanges in India. The 
spot and futures prices for guarseed, chana, rubber, pepper are in Rupees per 100 
kg and mustard seed is in Rupees per 20kg and Rupees per 10 kg for refreshed soy 
oil.

18 Johansen, (1991), Karande (2006), Jha (2009), Elumalai et.al (2009).

19 The estimation procedure was based on the methodology developed by 
Johansen (1991) and Johansen (1995).
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Spot and Futures Markets of Agricultural 
Commodities in India: Analysis of Price 

Integration and Volatility

ABSTRACT

This paper deals with spot and futures price volatility of 
selected agricultural crops by analyzing their market 
integration. This helps us to understand whether spot and 
futures market integration explains price stability in both the 
markets of commodities and their similarities and differences 
across crops. The co-integration result found to be significant 
for chana, pepper, rubber, mustard seed and refreshed soy oil 
and no co-integrating relationship is found for guarseed. This 
means that the long run relation between prices exists for 
commodities except guar seed. The result of Granger test 
detects unidirectional Granger causality from futures to spot 
markets for pepper, mustard seed and refreshed soy oil and 
spot to futures markets for rubber. Bidirectional Granger 
causality was found in case of chana and no Granger causality 
was found in the case of guarseed. Volatility (Coefficient of 
variation is used) analysis of commodity prices show that 
futures market price volatility is higher than spot market for 
guar seed, pepper, rubber, mustard seed and spot market price 
volatility is higher than futures market for chana and refreshed 
soyoil. 

Keywords: Price volatility, Market integration, Futures 
trading, Agriculture, India

INTRODUCTION

Though commodity futures markets are considered as risk 
sharing mechanisms by which commodity producers can hedge their 
price risk1, its relationship with spot markets and benefits to 
commodity producers are intensely debated.  In India, there exist 
contesting views on the relationship between spot and futures markets 
of agricultural commodities.  A set of studies argue that futures market 
reduces spot market price volatility2 while other set of studies opposes 
this view3. The argument that futures trading affects spot markets by 
increasing price volatility in spot market is based on the assumption 
that futures markets are thin and spot traders tend to follow price 
signals from futures markets4. It is also argued that futures market is 
dominated by speculative interests driving the prices away from 
underlying fundamentals in the spot market (Sahadevan, 2008).  
Speculation in the futures market and its destabilizing effect on spot 
market has also often led to government intervention to ensure 
effective functioning of commodity derivatives across the world5. This 
has also happened in the Indian context where ban of agricultural 
commodities from futures trading has taken place many times because 
of the belief that it leads to inflation6. Though, the history of 
commodity futures markets in India goes back to the nineteenth 
century (Cotton Trade Association started futures trading in 1875 in 
Bombay), futures trading under the current liberalized regime were 
allowed in 1993 with the recommendations of Kabra committee7. The 
policy with respect to futures trading had undergone a sea change 
afterwards from banning of trading to setting up of National 
Commodity Exchanges since 2002 using modern practices such as 
electronic trading and clearing. At present, India has three national 
exchanges and about twenty three regional exchanges trading many 
agricultural and non-agricultural commodities8. The government had 
set up Forward Market Commission (FMC) to regulate the commodity 
futures trading and the commodity exchanges are under the control of 
FMC.  
A number of studies addressed the impact of futures trading on 
agricultural commodity spot prices.9 Those studies, however, do not 
provide a conclusive explanation for the effects of futures trading on 
spot prices and relationship between futures and spot prices of 
commodities. The inconclusive debate on futures and spot price 
relations continue in the literature. It is evident from the literature 
survey that futures and spot markets of majority of agricultural 
commodities are integrated and spot and futures market prices are 
highly volatile in nature10. In this context, this paper explains spot and 
futures price volatility and the market integration of selected 
agricultural crops after the introduction of futures contracts. This will 
help us to understand whether spot and futures market integration 
explains the price stability in both the markets of commodities and 
their similarities and differences.
The paper is organized as follows. The following section gives review 
on market integration and price volatility. Section two explains data 
and methodology used in this study. The third section presents 
empirical results and final section draws inferences from the analysis.

1. LITERATURE REVIEW

In this section, we review literature on market integration and 
price volatility. The market integration literature talks about the 
integration of markets in general and integration of spot and futures 
markets in particular. Secondly, we discuss about the empirical 
literature on futures trading and its impact on spot market volatility. 

1.1 Integration of Markets

A vast number of studies deal with global market integration and 
explained price differentials in different markets and their 
relationship. Jain (1981) measured the integration of world 
commodity markets by analysing price movements in commodity 
markets to determine whether the price changes in one market are 
equal to price changes in other market. He argued that integration of 
commodity markets implies the existence of the law of one price11. 
The law of one price argument is also used to test commodities traded 
in futures markets in different countries and hold the view that law of 
one price tend to be commodity specific rather than due to external 
factors (Protopapadakis and Hans, 1983)12. The differences in trading 
systems in different markets can also lead to different degrees of 
market integration (Kempf and Olaf, 1985). Market integration 
becomes important when we discuss price discovery mechanism in 
different markets. A widely held argument is that perfectly integrated 
markets can lead to better price discovery among the markets. 
Alphonse (2000) has shown that information arrivals in the futures 
market have led to efficient price discovery in French stock index 
cash market. Similarly, price series of wheat traded in China 
Zhengzhou Commodity Exchange (CZCE) and Chicago Board of 
Trade (CBOT) are found to be interrelated, asymmetric not 
cointegrated, where CBOT holds a dominant position in the 
interactions while CZCE is a follower (Du, 2004).  
Apart from these literatures on integration of different markets, link 
between spot and futures markets have been widely discussed. In this, 
most studies are devoted to analyze integration of stock index of spot 
and futures markets across the world. The extent to which two 
markets influence each other depends on the level of integration of 
two markets. The prices are mostly interdependent: the futures 
markets give signal to spot market on the direction in which prices 
will move in the future and the futures prices are determined on the 
basis of the conditions in the spot market of commodities. Therefore, 
we can say that spot prices are the foremost determinant of futures 
price (Reid, 1999). Chai and Guo (2009) examined the integration of 
five international stock index spot and futures prices, concluded that 
index spot and futures prices are integrated and short-run adjustments 
of spot and futures prices were helped to reach the long term 
equilibrium. On the contrary, analysis on spot and futures prices of 
two of the Australian electricity regions in the National Electricity 
Market has shown that there is no long-run relationship between spot 
and futures prices of electricity market (Worthington and Helen, 
2004). Floros and Dimitrios (2007) investigated the lead lag 
relationship between futures and spot market of stock index of 
Greece. In line with similar findings of other literatures, his empirical 
analysis confirmed that futures market play a price discovery role 
implying that futures prices contain useful information about spot 
prices. Most researchers found out that price information flows from 
futures to spot market in many cases and futures market reacts first 
compared to spot market. Silvapulle and Imad (1999) investigated the 
relationship between spot and futures prices of crude oil using a 
sample of daily data. The results suggested that both spot and futures 
markets react simultaneously to new information. But Kazmi (2000) 
argued that high speculation and price manipulation in the futures 
market leads to non convergence of futures and spot markets. 
Relationship between spot and futures markets of agricultural 
commodities is still a debating issue. Developing spot market along 
with futures market and ensuring higher participation of farmers in the 
futures market is essential to integrate the futures and spot market of 
agricultural commodities (Srinivasan, 2008). On the other hand, 
Shawky et.al (2003) argued that effective hedging in the futures 
market leads to the convergence of spot and futures market of 
commodities. A positive correlation between spot and futures prices of 
soy oil was found in the Indian market, shows that over a period of 
time the difference between two prices has reduced (Ranjan, 2005). 
Similarly, co-integration between spot and futures prices was found 
for pepper, mustard and gur for all contracts while co-movement 
existed for few contracts of potato, sacking and castorseed (Lokare, 
2007). Recently, an analysis on pepper in the Cochin market has 
shown that futures price influences spot price and not vice versa, 
providing that price formation process at the spot market is based on 
futures prices (Raveendran etal, 2009). Similarly Bhardwaj and 
Vasisht (2009) investigated the integration of futures and spot market 
of gram. The co-integration technique was used to analyze the 
integration of futures and spot markets and the lead lag relationship 
between these two market prices. The result has shown that spot and 
futures prices were cointegrated and unidirectional granger causality 
were found from futures to spot markets of gram. In nutshell, from the 
above literature review, it is clear that there is no unique experience in 
terms of the integration of futures and spot markets for different 
commodities. This is very true for the agricultural commodities.

1.2 Price Volatility

Arguments against agricultural trade liberalization are mainly 
based on the imperfect nature of world agricultural markets and 
higher volatility of agricultural prices in international markets 
(Clairmont and Cavanagh, 1988; Gill and Brar, 1996; Sekhar, 2003a). 
The international price volatility is also transmits to the domestic 
commodity markets mainly in the developing countries. Sekhar 
(2004) argued that inter-year price volatility was less and intra-year 
price volatility was high in domestic markets compared to 
international markets and suggested that intra-year price volatility is 
an appropriate method of variability since it is taking into account the 
short-run price fluctuations. Apart from these literatures on 
international and domestic price volatility, studies have also examined 
spot and futures price volatility and price transmission from spot to 
futures market and vice versa. Analysis on transmission of prices and 
price volatility between the Australian electricity spot and futures 
markets during the period 1999 to 2001 have shown that transfer of 
information from futures to spot markets is high and persistent 
(Worthington and Helen, 2002).
In the Indian context, most work has focused on the impact of futures 
trading on spot market price volatility.  In this, many studies 
compared spot market volatility before and after introduction of 
futures trading while some of them have investigated the impact of 
futures activity ( futures prices, volume of trade in the futures market, 
transaction cost etc) on spot market price volatilities. Kamara (1982) 
compared cash market volatility before and after the introduction of 
futures trading and concluded that introduction of commodity futures 
trading has reduced cash price volatility. Singh (2004) investigated the 
Hessian cash price volatility before and after the introduction of 
futures trading, revealed that cash price volatility is less pronounced 
after 1992, when futures trade was allowed for the Hessian market. 
On the other hand, Yang et al (2005) examined the lead-lag 
relationship between futures trading activity and cash price volatility 
for major agricultural commodities. His analysis of Granger causality 
tests and generalized forecast error variance decompositions showed 
that an unexpected and unidirectional increase in futures trading 
volume drove cash price volatility up. A similar argument was 
suggested by Slade and Henry (2004) that there is a positive 
relationship between trading volume and volatility of spot prices.
Similarly, Ranjan (2005) has analyzed soy oil futures in Indian market 
and shown that futures trading were effective in reducing seasonal 
price volatilities but did not bring down daily price volatilities 
significantly. While, Sahi (2006) found out that nature of volatility did 
not change with the introduction of futures trading in wheat, turmeric, 
sugar, cotton, raw jute and soy oil. Nevertheless, a weak destabilizing 
effect of futures on spot prices was found in case of wheat and raw 
jute. But price volatility has decreased after the futures trading in the 
case of wheat, sugar, chana and maize (Sabnavis and Shilpa, 2007)13.  
Also the effect of introduction of futures trading on spot prices of 
pulses shows that volatilities of urad, gram and wheat prices were 
higher during the period of futures trading than the period prior to 
introduction and after the ban of futures contracts on these 
commodities (Nath and Tulsi, 2008)14. 
As discussed, a much debated issue in literature is whether or not spot 
prices are driven by futures prices or vice-versa. This has been a fairly 
controversial issue in India as there was a belief that prices of 
commodities had gone up on account of futures trading. Theoretically, 
futures prices have been defined as spot prices plus cost of carry. 
Futures price also reflect the expectations of production and hence 
supply flows. Spot prices on the other hand are dependent on actual 
demand-supply balances in the country and hence are quite divorced 
from the futures markets (Sabnavis and Shilpa, 2007). Evidence also 
suggests that for the seasonally produced and storable commodities, 
futures market has helped to stabilize production, thereby reducing the 
variability of seasonal price fluctuations. 
It is pointed out that spot price fluctuation happens due to excessive 
speculation in the futures market, which spoils spot market prices and 
creates supply uncertainty. Newman (2009) has argued that increase in 
speculative activities by both physical commodity trading and non-
physical commodity trading actors on derivative markets have led to 
heightened volatility in derivative prices and the short term 
fluctuations in derivative prices are increasingly transmitted to 
physical markets owing to the increase in participation of physical 
commodity trading actors on derivative markets for hedging purposes, 
and the resulting importance of derivative prices in determining prices 
on physical markets. An analysis of futures trading in Mentha oil has 
also suggested that excessive speculative interests has led to spurious 
price discovery and distortion in spot prices of Mentha oil 
(Sahadevan, 2008)15. But in the wake of consistent rise of inflation 
during the first quarter of 2007, Expert Committee (2008) was set and 
studied in detail the role of futures trading on the wholesale and retail 
prices of agricultural commodities in India. The analysis of 21 
agricultural commodities shown that the annual trend growth rate in 
prices (using both monthly and weekly data) was higher in the post 
futures period in 14 commodities viz. chana, pepper, jeera, urad, 
chillies, wheat, sugar, tur, raw cotton, rubber, cardamom, maize, raw 
jute and rice and lower in 7 commodities viz. soy oil, soy bean, rape 
seed/mustard seed, potato, turmeric, castor seed and gur. But this 
committee was also inconclusive on the relationship between futures 
and spot markets of agricultural commodities. Recently, Bhardwaj and 
Vasisht (2009) analyzed the integration of futures and spot market of 
gram. The result shows that price series of gram crop witnessed 
persistence and asymmetry in volatility of prices both in spot and 
futures market. The granger test direct unidirectional granger causality 
from futures to spot markets of gram and futures market price 
volatility is greater than that of the spot market.
Though, many of the studies analyzed integration of spot and futures 
markets and their causal relationships towards long run and shot run 
equilibrium and impact on spot market price volatility, none of them 
analyzed volatility in relation to the integration of spot and futures 
markets. Also, existing literature shows that the impact of futures 
market on spot market price volatility is different. The question is 
whether spot and futures market integration ensures price stability in 
both the markets. This paper analyses the nature of price volatility in 
two markets in relation to the integration of markets and addresses the 
question of whether price discovery ensures price stability. 

2. DATA AND METHODOLOGY

The crops such as guarseed, chana, pepper, rubber, mustard seed 
and refreshed soyiol has been taken for analysis. The selection of 
these crops is based on their highest share in futures trading of 
agricultural commodities in National Commodity Derivative 
Exchange (NCDEX)16.  The daily close price data on futures prices of 
these crops collected from NCDEX, India are used here. While daily 
data on spot prices are collected from both NCDEX and Multi-
Commodity Exchange (MCX)17. The data are adjusted for dates due to 
holidays for both the price series and we have used natural logarithms 
of daily spot and futures price series to minimize the hetroscedasticity 
in the values of level series. The details of data used and descriptive 
statistics are given in table 1 and 2 respectively.

The mean futures price of guarseed is higher than mean spot 
price implies futures price is higher than spot prices. This may be 
because of high outliers in the guarseed futures price compared to spot 
price. Also variation is very high (coefficient of variation of 48.9 
percent) in guarseed futures prices compared to spot prices 
(coefficient of variation of 9.9 percent). While in the case of chana the 
mean futures and spot prices are identical and there is not much 
variation in the spot and futures prices. This trend may be because of 
more flow of information from one market to other market. Pepper 
has a slight high average futures price and price variation compared to 
spot price. While in the case of rubber average spot price is higher 
than futures price but variation is high in the future price. Mustard 
seed and refreshed soyiol shows identical average spot and futures 
price and same variation in both futures and spot prices. From this, it 
is clear that spot and futures prices are moving in a same pattern and 
futures price is leading, volatile in nature compared to spot prices in 
most cases (table 2).

3. EMPIRICAL ANALYSIS

Existing studies have extensively used Co-integration analysis, 
Error correction model and Generalized Autoregressive Conditional 
Hetroscedasticiy (GARCH) models for estimating long-run 
relationship between spot and futures market prices and volatility 
analysis respectively18. Co-integration analysis reveals the extent to 
which two markets move together towards long run equilibrium.  It 
also allows for divergence of respective markets from long-run 
equilibrium in the short run (Schreiber and Robert, 1986). The error 
correction model explains the extent to which different markets play 
their role in correcting the equilibrium in the short-run. The GARCH 
model is generally used to estimate the time varying volatility in the 
variable. In order to analyze price discovery and spot and futures 
markets integration of the selected commodities, this study employs 
co-integration and error correction model.
The relationships between spot and futures markets are well 
established in the literature. When the futures and spot market are co-
integrated, they are expected to return to long run equilibrium after 
possible short run adjustment. The precondition for co-integration 
analysis is the non-stationarity check since time series economic 
variables are generally non-stationary and conventional tests are not 
valid in such situations (Dickey and Fuller, 1979).  The Augmented 
Dickey Fuller (ADF) and Phillips-Perron (PP) unit root tests have 
been used to examine the stationarity of spot and futures prices. 

3.1 Unit Root Test

The null hypothesis of a unit root or non-stationarity has not 
been rejected for the spot and futures prices for all the commodities 
under study. These series are found to be stationary in first 
differencing (table 3). The same order of integration for both spot and 
futures prices reveals that there exists a long run price equilibrium 
relationship between these prices and thus co-integration could be 
established for the two markets19. 
Therefore, there is a consensus that price change in one market 
(futures or spot commodity market) generating price change in the 
other market (futures or spot commodity market) with a view to bring 
a long run equilibrium relation is :

Equation (1) can be expressed as in the residual form as:

Where and are futures and spot price of same commodity in the 
respective markets at time t. Both and are intercept and coefficient 
terms, where as is estimated white noise disturbance term. The main 
advantage of co-integration is that each series can be represented by 
an error correction model which includes last periods equilibrium 
error with adding intercept term as well as lagged values of first 
difference of each variable. Therefore, casual relationship can be 
gauged by examining the statistical significance and relative 
magnitude of the error correction coefficient and coefficient on lagged 
variable. Hence, the error correction model is:

In the above two equations, the first part () is the equilibrium 
error which measures how the dependent variable in one equation 
adjusts to the previous periods deviation that arises from long run 
equilibrium. The remaining part of the equation is lagged first 
difference which represents the short run effect of previous periods 
change in price on current periods deviation. The coefficients of the 
equilibrium error,  a

f 
and a

s
, are the speed of adjustment coefficients 

in future and spot commodity markets that claim significant 
implication in an error correction model. At least one coefficient must 
be non zero for the model to be an error correction model (ECM). The 
coefficient acts as an evidence of direction of casual relation and 
reveals the speed at which discrepancy from equilibrium is corrected 
or minimized.  If a

f 
is statistically insignificant, the current periods 

change in future prices does not respond to last periods deviation from 
long run equilibrium. If  a

f 
and b

f
 both are statistically insignificant; 

the spot price does not Granger cause futures price. The justification 
of estimating ECM is to know which sample markets play a crucial 
role in the price discovery process.

3.2 Co-integration Analysis

The co-integration results of trace test and Maximum Eigen test 
are provided in table 4 and 5.  The null hypothesis of no co-
integrating vector (r=0) can be rejected for chana, pepper, rubber, 
mustard seed and refreshed soy oil as the trace statistics are higher 
than the critical values at 5 per cent level. Thus, the co-integration 
result found to be significant for chana, pepper, rubber, mustard seed 
and refreshed soy oil and no co-integrating relationship is found for 
guarseed. This means that the long run relation between prices exists 
for commodities except guar seed.

The lead lag relationship between spot and futures market prices 
was also examined using Granger causality as the same was not 
available in co-integration analysis. Granger (1969) approach to the 
question of whether X causes Y is to see how much of the current Y 
can be explained by past values of Y and then to see whether adding 
lagged values of X can improve the explanation. Y is said to be 
Granger caused by X if X helps in the prediction of Y, or equivalently 
if the coefficients on the lagged Xs statistically significant. The two 
way causation is frequently the case; X Granger causes Y and Y 
Granger causes X. it is important to note that X Granger causes Y 
does not imply Y is the effect or result of X. Granger causality 
measures precedence and information content but does not by itself 
indicate causality.

The result of Granger test detects unidirectional Granger 
causality from futures to spot markets for pepper, mustard seed and 
refreshed soy oil and spot to futures markets for rubber. Bidirectional 
Granger Causality was found in case of chana and no Granger 
causality was found in the case of guarseed (table 6). 

3.3 Results of Error Correction Model

The error correction model was applied to determine the effects 
of shocks in the short run and long run equilibrium. This model also 
allows for the short run shocks and estimates the degree of 
convergence towards the long run relationship. The result however 
confirms the presence of long run relationship between the price series 
as the error correction coefficient of at least one variable was 
significant for all the commodities (table 7). The coefficient of error 
correction term was positive and significant in the case of spot market 
equation for chana, pepper, rubber, mustard seed and refreshed soy 
oil. This implies that spot prices are stable in the long run for these 
commodities though they are volatile in the short run. But the error 
correction coefficient is negative and significant in the case of futures 
market equation for guar seed, implies futures prices are stable in the 
long run.  The coefficient of error equilibrium is -0.016 in future 
market equation for pepper indicates that when the average futures 
price was too high, it immediately falls back toward spot price. This 
means that futures price corrects to its previous periods dis-
equilibrium by 1.6 percent. Similar explanations apply to error 
correction coefficients of spot and futures markets of all commodities. 
Broadly, the results indicate the existence of long run relationship 
between spot and futures prices and the adjustment towards 
equilibrium is made by the spot prices, though price signals flows 
from futures to spot markets.

3.4 Price Volatility

The volatility (Coefficient of variation is used) analysis of 
commodities shows that futures market volatility is higher than spot 
market volatility for guar seed, pepper, rubber, mustard seed and spot 
market volatility is higher than futures market for chana and refreshed 
soy oil (table 2). Volatility in futures price is very high (Coefficient of 
Variation, 49 %) compared to spot prices (Coefficient of Variation, 10 
%) of guar seed.  Though, futures market volatility is higher than spot 
market volatility, the differences in volatilities between the two 
markets are low for all commodities.  This indicates that spot market 
is also volatile though price signals flows from futures to spot market. 
This also shows that volatility in one market is related to the other 
market since both the markets are related each other and moving in a 
same pattern. Coefficient of variation does not explain time varying 
volatility in the price series. Hence the volatility analysis based on 
coefficient of variation has limitations. Existing studies have largely 
used GARCH extension models to measure volatilities in spot and 
futures prices. The extension models are not attempted in this paper.

4. CONCLUSION

This study has employed co-integration and error correction 
model to analyze the price discovery and integration of spot and 
futures markets of the selected commodities. The Augmented Dickey 
Fuller and Phillips-Perron unit root tests have been used to examine 
the stationarity of spot and futures prices. The null hypothesis of a 
unit root or non-stationarity has not been rejected for the spot and 
futures prices for all the commodities under study. These series are 
found to be stationary in first differencing. The same order of 
integration for both spot and futures prices reveals that there exists a 
long run price equilibrium relationship between these prices and thus 
co-integration could be established for the two markets.
The co-integration result found to be significant for chana, pepper, 
rubber, mustard seed and refreshed soy oil and no co-integrating 
relationship is found for guarseed. This means that the long run 
relation between prices exists for commodities except guar seed. The 
result of Granger test detects unidirectional Granger causality from 
futures to spot markets for pepper, mustard seed and refreshed soy oil 
and spot to futures markets for rubber. Bidirectional Granger 
Causality was found in case of chana and no Granger causality was 
found in the case of guarseed.

Coefficient of variation analysis shows that futures market price 
volatility is higher than spot market for guar seed, pepper, rubber, 
mustard seed and spot market price volatility is higher than futures 
market for chana and refreshed soyoil. Even though, price change in 
futures market is higher than spot market, differences in price changes 
between the two markets are low. This indicates that spot market is 
volatile since price signals flows from futures to spot market in most 
case. The volatility in the futures prices may be induced by the 
speculative nature of the futures markets and hence spot market also 
volatile. The results also show that integrated spot and futures market 
does not bring stability in spot and futures market prices. From this 
we can say that integration of the two markets provides only price 
discovery and not price stability. This analysis suggests the need for 
exploring different mechanisms through which the futures and spot 
markets are integrated. This will contribute to the inconclusive debate 
on the relationship between spot and futures markets.

NOTES

1 Futures markets serve two important functions such as price discovery 
and risk management. In general, futures prices reflect the collective expectations 
of market agents about prospective demand and supply of commodities at maturity 
of futures contract. Since the futures prices are a reflection of futures demand and 
supply conditions of markets, they provide market signals to the farmers for 
deciding the appropriate cropping pattern. Through hedging, farmers can mitigate 
the price risk that they may face in the spot market with volatile prices  Elumalai 
et al (2009).

2 Singh (2004), Ranjan (2005), Karande (2006) etc.

3 Nath &Lingareddy (2008, Coble and Knight (2001) Yang, Balyeat 
&Leatham (2005) etc.

4 Elumalai et.al (2009)

5 Mattos and Garcia (2004)

6 In the recent past (end of 2007), when the prices of essential 
commodities were gone up, the government of India banned few commodities 
from the futures trading list. 

7 After the Indian economy embarked upon the process of liberalization 
and globalization in 1990, the government set up a committee in 1993 to examine 
the role of futures trading. The committee (headed by Prof. K.N. Kabra) 
recommended futures trading in 17 commodity groups. It also recommended 
strengthening of the Forward Markets Commission and certain amendments to 
Forward Contracts Act (1952) particularly allowing options trading in goods and 
registration of brokers with Forward Market commission 

8 The three major national exchanges are Multi Commodity Exchange 
(MCX), National Commodity Derivative Exchange (NCDEX) and National Multi 
Commodity Exchange (NMCE).  Futures contracts are available for major 
agricultural commodities, metals and energy. The total value of trades in the 
commodity futures market rose from Rs.50.34 lakh crore in 2008 to Rs. 70.90 lakh 
crore during 2009 (Economic Survey, 2009-10).

9 Singh (2004), Nath &Lingareddy (2008), Hazell et.al, (1986), Coble 
and Knight (2001), Yang, Balyeat & Leatham (2005), Ranjan (2005), Mattos and 
Garcia (2004) and Elumalai et al (2009). 

10 Nath &Lingareddy (2008), Yang, Balyeat & Leatham (2005), Karande 
(2006), Expert Committee (2008) Elumalai et al (2009) and Bhardwaj and Vasisht 
(2009).
11 If the two markets are integrated, price changes in one of the markets 
should be completely explained by price changes in the other market. 

12 The external factors like exchange rate, demand and supply factors also 
affect the prices. 

13 Annual average price volatility for 2001-04 and 2004-06 has been used 
by this study.

14 The government has ordered for delisting of futures contracts in 
agricultural commodities like urad, tur, wheat and rice in early 2007 with a 
suspicion that futures trading in these commodities had been contributing for the 
rise in their domestic spot prices. 

15 The sample survey carried out among the farmers in the major mentha 
growing districts in Uttar Pradesh, Moradabad, Rampur and Barabanki revealed 
that farmers participation was very low, out of thirty samples, seven are found to 
be aware of the market. 

16 NCDEX is a leading commodity exchange in India.  Soy oil, guarseed, 
pepper, chana and mustard seed accounts highest share to the total share of 
agricultural trading during 2007-08. While rubber has constant share in the total 
trade volume from the period 2004-05 to 2007-08. See appendix table.

17 MCX and NCDEX are the leading commodity exchanges in India. The 
spot and futures prices for guarseed, chana, rubber, pepper are in Rupees per 100 
kg and mustard seed is in Rupees per 20kg and Rupees per 10 kg for refreshed soy 
oil.

18 Johansen, (1991), Karande (2006), Jha (2009), Elumalai et.al (2009).

19 The estimation procedure was based on the methodology developed by 
Johansen (1991) and Johansen (1995).
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