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This paper examines the price discovery process of the Bahar-e-Azadi gold coin
futures contracts in Iran Mercantile Exchange during different trading phases
between 12/25/2010 and 11/20/2012. Moving average approach is used to identify
the bull and bear equity market. Applying asymmetric model of Glosten, Jaganathan
, and Runkle (1993) to gold features market , this paper examinesthe inverted
asymmetric reaction of gold market in Iran. Vector Error Correction Model (VECM)
and Granger Causality test were applied to search for the long run and short-run
impacts respectively. Sample is constructed in two different ways. To construct the
first sample, gold coin futures prices series are obtained using nearby contracts. The
other sample consists of 14 gold coin futures prices series and corresponding spot
prices to check the price discovery during different trading phases. During sample
period 7 distinct trading phases are identified in which three bull-bear phases and a
bull phase toward the end of sample period. Through Granger's causality test, which
is designed to examine whether two cointegrated time series move one after the
other or contemporaneously, findings for full sample show that Gold coin spot prices
leads futures prices. A possible explanation for this finding is long history of cash
market in Iran and more participants in cash market compare to futures market and
last but not least restriction imposed on futures market that does not allowfutures
prices fluctuate by more than five per cent per day which lowers the power of this
market for price discovery in periods of high volatility. Results of this test for three
series that coincide with different trading phases and showed co-integration relation
among 14 pair series of spot and futures prices are different. During bear stock
market there are bidirectional relationships and both futures and spot prices are
granger cause of each other while during bull phases in stock market futures
pricesshow forecasting power for spot prices in gold market. Vector error correction
models (VECMs) support the findings in co-integration test.
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1. Introduction:
Futures markets perform two important roles, hedging of risks and price discovery. The
efficacy of the hedging function is dependent on the price discovery process or how well
new information is reflected in price. Under perfectly efficient markets, new information is
impounded simultaneously into cash and futures markets. However, in reality, institutional
factors such as liquidity, transaction costs, and other market restrictions may produce an
empirical lead-lag relationship between price changes in two markets. Many studies find that
in general spot markets are dominant by futures markets and price discovery first occurs in
the futures market rather than spot markets. In other word futures price leads spot price.
Many studies argue that the reasons for faster response of the futures market to the new
information compared to the spot market are associated with the lower transaction cost in
this market that cause the price movement in the futures market is quicker than cash market.
There are three major approaches to study price discovery of assets identified in the
literature. The first approach focuses on the lead-lag relationship between the prices of
national markets, or between different securities. The second approach involves examination
of the role of volatility in the price discovery process. Volatility spillovers are important in
the study of information transmission because volatility is also a source of information. The
third approach attracts great attention from academia in the study of how information is
transmitted among different markets. This approach use common factor (or implicit efficient
price) among cointegrated prices, information sharing techniques, notably the Hasbrouck
(1995) and the Gonzalo and Granger (1995) models, are used to study the contribution of
price discovery from closely related markets.
Indeed, most previous studies on developed markets suggest that the futures market
generally leads the cash market and serves as a primary market of price discovery, while it is
unclear whether such a conclusion can also be generally applied to rather newly established
futures markets with rather long history of traditional trading (cash market) and futures
market that faces with lots of barriers in its operation. Therefore, this paper investigates
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price discovery process in Gold coin Spot and Futures markets in Iran mercantile exchange
that has both criteria, it is newly established futures market and operates under some degree
of restrictions.
Many studies (e.g. Black, 1976, Christie, 1982 and Campbell and Hentschel, 1992
among others) report a larger increase of volatility in response to negative shocks than to
positive shocks. In equity market this asymmetry in the reaction to shocks has been
explained with the leverage effects and a volatility feedback effect. these are two potential
explanations for asymmetry in equity market in the literature that have significant
differences in their base arguments. leverage effect argues that negative return increases
financial leverage, which makes the stocks riskier and thereby increases their volatility.
hence under this explanation return shocks lead to changes in conditional volatility.
However, under volatility feedback effect or time-varying risk premium theory, direction of
causality is from volatility to the return and it is argued that an anticipated increase in
volatility increases the required return on equity , makes a stock price decline.
In commodity market, Baur (2012) examines the asymmetry volatility of Gold market
and found inverted asymmetric reaction of Gold market which cannot be explained by
leverage effect of Christie(1982) or volatility feedback effect of Campbell and Hentschel
(1992) . He attributes this reaction of gold market to the safe haven property of this precious
metal which acts differently compared to industrial commodities. He argues that investors
interpret positive gold price changes as a signal for future adverse conditions and uncertainty
in other asset markets. Study by Baur and McDermott (2010) examines the safe haven
feature of gold. They report the conditional volatility of gold and analyze the safe haven
hypothesis for different volatility regimes. They prove the strong safe haven property of
gold for European countries and US. However, they found that safe haven property of gold
can not be applied for Emerging markets. The reason for that can be related to the different
reaction of market participants to the negative and positive shocks in emerging markets.
Investors suffering losses in emerging equity markets, rather than seeking an alternative
haven within these markets, may simply readjust their portfolio towards the average by
withdrawing from emerging markets in favor of developed market stocks.
One may argue that, it might not always possible to shift between markets, hence, their
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justification may not applicable in general especially for those economies with the same low
level of financial market openness as Iran. Domestic investors seeking shelter among other
alternative options in time of downward stock market due to the low level of market
openness and they shift their portfolios to other safe domestic investments.Thus, gold
market in Iran may follow same pattern as developed markets and show inverted asymmetric
reaction to positive and negative shocks or different trading phases which are defined as bull
and bear market in this research.
There are some differences between futures market in Iran rather than developed
markets or even emerging markets which most of the studies have been done based on these
markets in terms of market depth and also regulations that govern this market. The most
important difference whichhas been the main motivation of doing this paper is related to
price limit imposed on futures market. According to Iran Mercantile Exchange regulations,
daily price of gold coin or gold bullion futures contracts cannot fluctuate by more than five
per cent. This limitation is being imposed on futures market while there is no price limit in
spot market.
If we accept the inverted asymmetric reaction of gold to negative and positive shocks
which means that gold market reacts more to positive shocks than negative shocks and if
these shocks be severe enough to change the price by more than 5%, futures prices cannot be
fully adjusted based on new information due to price limit in this market and this happens in
case of positive shocks in gold market that amplifies the volatility in this market. Gold can
act as a hedge against change in stock prices thereby there is a natural link between these
two markets. Historical movements of these two markets show that when we face with
upward stock market, price of gold is decreasing and when there is downward stock market,
price of gold is increasing. The consensus in the literature is opposite trend in equity and
gold markets mainly due to safe haven property of this precious metal, hence, in this paper
we generally assume that gold price can be affected by changes in the stock market.
According to inverted asymmetric reaction of gold that boosts the volatility of gold market
in case of positive shocks in this market which happens in times of negative shocks in other
asset markets say stock market, we expect a different price discovery role of futures
contracts during different shocks to this market or in other words during different trading
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phases say bull- bear equity market or we may expect a different contribution of futures and
spot markets in price discovery process. Therefore this paper focuses on the price discovery
role of gold coin futures contract during different trading phases.
This paper makes a link between different trading phases and pricediscovery role of
Gold futures market and show that some specific characteristics of Gold coin (safe haven
property) which distinguish this precious metal from other commodities along with price
limit in Iran futures market may distort the price discovery role of futures market or change
the contribution of each market in price discovery process in Iran .

2. Literature Review:
This part is categorized into forth separate parts. in the first part the link between gold
spot and futures markets is discussed . Second part is associated with prior research on price
discovery role of futures and spot markets. In third part, volatility asymmetry in equity and
inverted asymmeric reaction of gold market will be supported by prior studies and last part
brought some researches on identification of trading phases.
Advocates of futures trading like Schreiber and Schwartz (1986) and Edwards (1988)
argue that the futures market is a source of price stability since it absorbs the impact of price
adjustments. In addition, they argue that futures markets provide important information to
investors on subsequent movements in spot prices, enabling them to more effectively
manage exposure to cash market risks [see also Darrat and Rahman (1995), Pericli and
Koutmos (1997),and Darrat, Rahman and Zhong (2002)].
Price discovery in futures and cash markets and the relationship type between these two
markets is an interesting topic to traders, financial analysts and economists. Although the
cash and future markets react to the same information, according to theoretical relationships,
the main question is which of them show earlier response. Hence, Price discovery in futures
markets is commonly defined as the use of futures prices to determine expectations of
(future) cash market prices. In the co-integration concept, the price discovery function
implies the presence of an equilibrium relation binding the two prices together. If a
departure from equilibrium occurs, prices in one or both markets should adjust to correct the
disparity.The existing literature on price discovery and between cash and futures has
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primarily focused on developed markets and recently emerging markets.
As it is mentioned earlier, three major approaches to the study of the price discovery of
assets have been identified in the literature. The first approach focuses on the lead-lag
relationship between the prices of domestic markets, or between different securities. For
example, Stoll and Whaley (1990) and Chan (1992) examined information transmission
between the stock index and index futures markets. The second approach involves
examination of the role of volatility in the price discovery process. Volatility spillovers are
important in the study of information transmission because volatility is also a source of
information. Two studies by French & Roll (1986) and Ross (1989) show that variance is an
important source of information. Ross proved that asset price volatility is related to the rate
of information flow in competitive asset markets. General conclusion from all previous
studies is that volatility in one market will spill over to another market. In a study of
volatility spillovers among similar assets, Chan, Chan, and Karolyi (1991), Kawaller, Koch,
and Koch (1990), and Koutmos and Tucker (1996) considered information transmission
between stock index and index futures markets. As with volatility spillovers among different
domestic markets, empirical evidence indicates that the volatilities of similar assets affect
one another. The third approach looks at this issue that how information is transmitted
among different markets. Using the common factor among co-integrated prices, information
sharing techniques, notably the Hasbrouck (1995) and the Gonzalo and Granger (1995)
models are used to study the contribution of price discovery from closely related markets.
The Information Share model (IS) of Hasbrouck (1995) is frequently used for price
discovery Contribution. He investigates the stocks that are traded on the NYSE and other
regional exchanges in the U.S. markets. His findings suggest a dominant IS (92.7%) for
NYSE over its regional counterparties. Booth, So, and Tse (1999) applied the information
sharing technique among index derivatives and found that futures prices lead spot prices and
spot prices lead options prices. Gonzalo and Granger (1995) offers the other popular
common factor model that is used to investigate the mechanics of price discovery called
permanent-transitory (PT) model . Both mentioned models to capture the price discovery (
IS and PT) use the vector error correction model (VECM) as their basis, and Hasbrouck
(1996) points out that the VECM is consistent with several market microstructure models in
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the literature. Despite this initial similarity, the IS and PT models use different definitions of
price discovery. Hasbrouck (1995) defines price discovery in terms of the variance of the
innovations to the common factor. Thus the IS model measures each market’s relative
contribution to this variance. Gonzalo and Granger (1995), however, are concerned with
only the error correction process. This process involves only permanent (as opposed to
transitory) shocks that result in a disequilibrium. In the price discovery context, disequilibria
occur because markets process news at different rates. The PT model measures each
market’s contribution to the common factor, where the contribution is defined to be a
function of the markets’ error correction coefficients.
Rittler (2011) models the relationship of European Union Allowance spot- and futuresprices using common factor weights of Schwarz and Szakmary (1994) and information
shares of Hasbrouk (1995) based on estimated coefficients of a VECM and also performing
Granger-causality tests to analyze the short-run dynamics. He identifies the futures market to
be the leader of the long-run price discovery process, whereas the informational role of the
futures market increases over time.
There is another model which is also used frequently in previous studies on price
discovery. It is proposed by Garbade and Silber (1983) and well-known as GS model.This
model for imperfect arbitrage between a futures market and its corresponding cash market is
particularly useful for measuring, simultaneously, the source of price discovery and the
elasticity of cash/futures arbitrage. Garbade and Silber used their model to study the
commodity markets—wheat, corn, oats, orange juice., copper, gold, and silver. They found
futures to be the primary source of price discovery for the corn, wheat, gold, and silver
markets, and they found cash/futures arbitrage elasticity to be distinctly higher for the gold
and silver markets than for the other commodities studied.
Chhajed , Mehta and Bhargava (2012) analysed the market behavior and price
discovery in Indian Agriculture Commodity Markets. Using granger causality test they
found that price discovery mechanism is quite different for different commodities but it
suggests that causality can be used in forecasting spot and futures prices. Most of the
commodities showed bi-directional causality between spot and future prices.
Testing for the lead-lag effect between futures and spot prices, Figuerola-Ferretti and
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Gilbert (2005) and Fontenbery and Zapata (1997) find that futures prices lead the cash
markets while a number of studies suggests otherwise. For example, Green and Joujon,
(2000) find evidence that the French CAC-40 spot index leads its futures contract and
Silvapulle and Moosa (1999) report bi-directional non-linear Granger causality between
futures and spot prices in the crude oil market. Quan (1992) examines the price discovery
function in the crude oil market and finds that the futures market does not contribute
significantly to the price discovery process. However, Schwarz and Szakmary (1994) argue
that Quan’s model is mis-specified and that oil futures dominate in price discovery.
Schwarz and Laatsch (1991), using weekly, daily, and 5-minute differencing intervals,
found that futures became the primary source of price discovery for the Major Market Index
. High levels of price discovery by futures were coincident with high relative volume in the
futures market, especially in the months preceding the 1987 crash. However, they found that
the futures market does not maintain its leading role as the source of price discovery at all
times intraday.
Hodgson, Masih and Masih (2003) examine the dynamic nature of the price discovery
across the Australian stock index futures market, and large, medium, and small stocks when
stock and futures markets switch between different price trading phases .In this paper , they
apply Multivariate co-integrated VECMs and VDC techniques and analyze the change in
the power of the bidirectional information feedback between the futures market and small,
medium, and large stocks. Results support the hypothesis that the nature of the pricediscovery process varies with the trading phase.
The literature on price discovery in Gold futures market is rather thin. Chaihetphon and
Pavabutr (2008) study the price discovery in the Indian Gold futures market. Using the
VECMs they examine the standard futures contract and mini contracts for the gold prices in
Multi Commodity Exchange of India (MCX). They conclude the futures prices of both
standard and mini contracts lead spot prices.
Despite the importance of gold as a key component of domestic investment and its role
in hedging against the high inflation rate and Rial (home currency ) depreciation in Iran, and
also considering growing attention to the Gold coin futures market in recent years, there is
paucity of studies on this area.
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Ahmadpoor and Nikzad(2011) examine the relationship between spot and futures prices
of gold in Iran. They confirmed a long run correlation between Gold spot and futures prices
in Iran and found that futures market conducts spot market. However, Hosseini and Araghi
(2013) using Granger –Causality test found different results. They found gold spot market
leads futures market and volatilities transfer from gold spot market to futures. considering
opposite findings from earlier mentioned studies in the relationship of gold futures and cash
markets, it seems that the causality is sensitive to choice of sample time period.
There are many studies that examine the volatility in equity markets and its asymmetric
behavior to negative and positive shocks. Many studies (e.g black, 1976, Christie 1982 and
Campbell and Hentschel 1992) report a larger increase of volatility in response to negative
and positive shocks. This asymmetry in reaction to positive and negative shocks has been
explained by the leverage of firms and a volatility feedback effect. these are two potential
explanations for asymmetry in equity market in the literature that have significant
differences in their base arguments. Leverage effect argues that negative return increases
financial leverage, which makes the stocks riskier and thereby increases their volatility.
Hence, under this explanation return shocks lead to changes in conditional volatility.
However, under volatility feedback effect or time-varying risk premium theory, direction of
causality is from volatility to the return and it is argued that an anticipated increase in
volatility increases the required return on equity , makes a stock price decline.
In commodity market ,Baur (2012) uses model of asymmetric volatility of Glosten,
Jaganathan and Runkle (1993) and examines the volatility of gold by using 30 years data
from 1979-2009.He finds that there is an inverted asymmetric reaction to positive and
negative shocks in such a way that positive shocks increase the volatility by more than
negative shocks. He argues that this effect is related to the safe haven property of gold.
Investors interpret positive gold price changes as a signal for future adverse conditions and
uncertainty in other asset markets. This introduces uncertainty in the gold market and thus
higher volatility. Baur and McDermott (2010) report the conditional volatility of gold for a
30-year period (1979-2009) and analyze the safe haven hypothesis for different volatility
regimes. They show that gold acts as both strong hedge and strong safe haven for major
European countries and US. However, they found that safe haven property of gold cannot be
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applied for Emerging markets. The reason for that can be related to the different reactions of
market participants to the negative and positive shocks in emerging markets.
There is no consensus in academic literature on what bear and bull market are.
Parametric and non-parametric approaches have been employed to identify different trading
phases in asset market. Bull and bear markets are explicitly identified in Maheu and
McCurdy (2000) using parametric models (Markov-Switching Models),while nonparametric approaches are used in Candelon et.al (2008). In the latter approach, Candelon
et.al (2008) discuss that the key feature of non-parametric algorithms is identification of the
location of turning points that correspond to the local maxima and minima of the series.
They identify the peak (or trough) in stock market when equity index return reaches a local
maximum (or minimum) in a window of 6-month using monthly Bry-Boschan algorithm.
Once turning points are obtained, the peak-to-trough period and the trough-to-peak period
are identified as the bear and the bull markets, respectively. Chen (2009) employed both
parametric and non-parametric models as well as a naive moving average approach to
identify the bull and bear stock market to investigate whether macroeconomic variables can
predict recessions in the stock market. interestingly, he finds similar results across all three
methods of identification of bull and bear equity market.

3. Hypotheses
The main hypothesis characterizes the dynamic relation between Gold coin futures
prices and Gold coin Spot prices during different trading phases. There are two hypotheses
that are examined in this regard.
H1 :During Bull stock market (negative shock to Gold market and so lower volatility
period), Gold Coin futures contracts are useful predictor of subsequent spot prices.

H2 :During Bear market (Positive shock to Gold market so higher level of price
volatility in gold market) cash market leads Gold Coin futures market.
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4. Data and preliminary analysis:
Daily futures and spot prices for Bahar-e-Azadi Gold Coin are obtained from different
sources. Spot prices acquired from Tehran Union of Manufacturers and Sellers of Gold and
futures prices from Iran Mercantile Exchange website. Iran Mercantile Exchange offers
futures trading in a Gold coin contract that is deliverable (settled) against both cash and
physical gold coin.
Futures contracts in Iran and Gold coin characteristics:
Futures Gold coin contract trading launched on Iran Mercantile Exchange (hereafter
IME) afew months later than Gold Bullion futures contract traded in June 2008. The first
trading on the Bahar-e-Azadi gold coin (GCDY87) futures contract started on Nov 25 2008.
Derivatives are rather new tradable financial instruments in Iran commodity market and
they play a growing role in financial market. As it is shown in figure.1, trading volume of
futures market in Iran has grown rapidly in recent years and makes them the most popular
financial instrument in Iran financial market. A possible explanationcan be increase in
systematic risk that justify the increasing trend in trading volume of futures contracts in
recent years.

<< Insert Figure 1>>

Total demand of gold in the world is categorized as three major demands. Jewellery,
industrial and dental and investment demand. While Jewellery and industrial & dental
demand follow the business cycle, demand for gold from investors would appear to be
counter-cyclical with demand from this sector rising as the global economy enters
recession (Tully and Lucey 2007).Gold coins in Iran are widely bought for investment
purposes and used as gifts which is kind of investment demand indirectly. The coins,
issued annually since 1979, are available in three sizes: 1,1/2 and 1/4.The 1-Azadi coin
(8.135g, 90% gold purity) is the most widely circulated Gold has a very important role in
Iran economy. Table 1 shows the technical specification for these gold coins.
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<< Insert Table 1>>

Variety of usage of gold coin and relatively easier to understand determinant of its
value make it as an important investment tool in Iran. It is used as gift, as a hedge against
the local currency depreciation and inflation. Co-movement of the currency market and
Gold market following the recent dollar appreciation in Iran has been one of the most
important sources of rising price in gold market along with the increasing in world Gold
price in recent years.
Recent movement in TEPIX and gold price: 
Figure 2 plots the gold spot price and TEPIX trends over four years between Dec 2008
and Nov 2012.the graph shows that although both stock index and gold coin spot price series
are increasing over time, gold coin and stock market index move in opposite directions
which is consistent with gold as a hedge against changes in equity portfolio. Gold coin loses
value in the bull equity market and gains value in bear equity market. For example between
05/23/2012 and 08/05/2012 that stock market experiencing a downward trend (bear market)
price of gold coin in spot market increased by more than 29 per cent. This increase in price
of gold exceeded decrease of index value which fell by almost 12 percent during this time
period. Tehran Stock Exchange (TSE) index (TEPIX) data obtained from Tehran Stock
Exchange official website (www.irbourse.com)

<<Insert Figure 2>>

Table 2 reports list of variables that are considered in this research. There are three
variables that are used in the analysis consist of Futures and Spot prices of gold coin and
equity index (TEPIX).

<< Insert Table 2>>

Sample employed in this study comprise daily observations on the 14 Gold Coin
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Futures Contracts traded in IME between 12/25/2010 which GCOR90 opens and 11/20/2012
which GCAB91 ends. This paper focuses on these two years despite the availability of data
from late 2008 for gold coin futures contracts because of increasing in trading volume
happened in these years .Hence it may give us more reliable results if we set our study based
on the time period with rather high trading volume and more participants in the market.
Another reason is clear opposite movements of gold market and equity market during this
time period especially in year 2012 or in other word relative long lasting different trading
phases over this period.
Sample is constructed in two ways. First sample consists of two time series associated
with two markets which is called full sample from 10/25/2010 to 11/20/2012 and second one
consists of 14 futures prices series and corresponding spot prices during the same time
period. To construct the first sample, nearby futures contracts are used to make gold coin
futures prices series. Futures contracts are rolled over to the next nearby contract upon
expiration. The issue that should consider in using futures prices is that, contrary to spot
prices, which there are only single price for asset at each time, in futures case, there are
some tradable contracts in each time which are different maturity date. Limiting current
sample in years 2011 and 2012 resulted in a total of 14 overlapping contracts with different
time to maturity. The first begins in 12/25/2010 and expires on 05/21/2011. The next
contract starts one month later on 01/23/2011 and ends on 07/22/2011, and so on. The last
contract starts on 07/15/2012 and expires on 11/20/2012. Although the futures price for each
contract is independent of other contracts, spot prices overlap. Hence the final sample
consists of 14 futures prices series and 14 corresponding spot price series. Futures prices are
the daily settlement prices of the contracts which are calculated according to IME
regulations in ending hours of trading days. Constructing the sample by this way allow us to
study different series related to different trading phases (bull and bear market) separately.
Table 3 shows summary statistics for the first sample consists of all futures and spot
prices from 12/25/2010 through 11/20/2012.

<< Insert Table 3>>
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Descriptive statistics of futures and spot prices of gold coin show that mean of the
futures prices are significantly higher than spot prices. The standard deviations show that
price volatility in futures market is higher than spot market. skewness and kurtosis show are
both large and positive. Skewness figures show that both distributions are skewed to the
right but this asymmetry is more in spot prices distribution than futures prices. Kurtosis
depicts more peaked than a Gaussian distribution in spot prices compare to futures prices.
the Jarque–Bera test is a goodness-of-fit test of whether sample data similar to our full
sample that have the skewness and kurtosis matching a normal distribution. Probability of
zero for both series rejects the null of joint hypothesis of the skewness being zero and
the excess kurtosis being zero in full sample.
In second sample for simplicity the short name is considered for each series of spot and
futures gold coin prices. Generally, futures prices are shown with letter F and Spot prices
with letter S. A range of numbers between 1 and 14 are assigned to each series. Series are
growing in time it means that F2 is the series of Gold coin futures prices that associated with
contract that opens after the time of opening for F1. The original name of each contract and
the abbreviation forms that used in this paper are represented in Table 4.

<< Insert Table 4 >>

Descriptive statistics for gold coin spot and futures prices at daily frequency for each of
the 14 Gold coin futures contracts are presented in Table 5.

<<Insert Table 5>>

In opposite to the full sample, this table shows that volatility in the spot price series
except three series (series 7, 9 and10) is higher than the volatility in the futures price series
while mean of spot prices are lower than futures prices across all 14 series. Jarque-Bera
statistic tests normality of the residuals. If the data come from a normal distribution, the JB
statistic asymptotically has a chi-squared distribution with two degrees of freedom. As it
is mentioned earlier, the null hypothesis is a joint hypothesis of the skewness being zero
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and the excess kurtosis being zero. Samples from a normal distribution have an expected
skewness of 0 and an expected excess kurtosis of 0 (which is the same as a kurtosis of 3).
As the definition of JB shows, any deviation from this increases the JB statistic. Low pvalues in most cases reported in the table indicate the rejection of null hypothesis for
residuals are normally distributed. the only exceptions are series F6,F7,F11,and F12 in
category of futures prices series and two series of S7 and S11 in spot prices category that
show large p-values.

5. Testing Methodology:
Before conducting the volatility test and price discovery between two markets, we need
to first to characterize the equity market fluctuations or identify the bull and bear stock
market. As discussed in Candelon et al.(2008) there is no consensus the academic literature
on identification of bull and bear market. Since Chen (2009) that considers three distinct
models in the literature to identify equity market fluctuations and found the similar results in
his analysis, this paper attempt to use the simple model of naive moving average to benefit
from simplicity as well as keeping reasonable degree of accuracy for the purpose of this
research.
Under the naive moving average approach, the bull or bear market is decided by the mean
return over the last couple of periods. We may define
values of the stock returns,

as the moving average of the last
if the mean return over the last k

periods is negative, we identify the current market status as a bear market. On the other
hand, a bull market is defined as a positive mean return over the last k periods.
After identifying the bull and bear market ,we distinguish between short-run prediction
and long-run prediction. Short-run prediction implies that a given change in futures prices
can only predict temporary (one time) change in spot prices. On the other hand, long-run
prediction implies that a given change in futures prices can predict the persistent (longlasting) change in spot prices. Clearly, long-run predictions require the presence of a longrun (equilibrium) relation binding prices in the two markets.
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5.1. Asymmetric Volatility in Gold Market:
Before conducting the short- and long-run prediction exercise, first we need to examine
the pattern of volatility in gold market in response to different types of shocks. Asymmetric
volatility of the equity market to negative and positive shocks have been widely discussed in
the literature. Many studies (e.gBlack , 1979, Christie 1982, Campbell and Hentschel 1992 )
report a larger increase of volatility in response to negative shocks than to the positive
shocks. However, Baur 2012 examined volatility in gold market in response to positive and
negative shocks and found an inverted asymmetric reaction to positive and negative shocks
in such a way that positive shocks increase the volatility by more than negative shocks.
Positive shocks to the gold market happens when there is an increase in uncertainty in other
asset market.

This paper follows the model introduced by Glosten, Jaganathan and Runkle (1993)
(GJR) to capture asymmetric volatility of the gold coin.

(1a)
(1b)

The conditional mean of the return of gold is estimated by equation (1a) and the
conditional volatility is estimated by equation 1b.The parameters to estimate are
equation (1a) and π,

,

and

and

in

in equation (1b). The constant volatility is estimated by π,

the effect of lagged return shocks of gold on its volatility (ARCH) is estimated by
differential effect if the return shock is negative is captured by
effect of lagged shocks on the volatility of gold,

and a

. If there is a symmetric

is zero. In contrast, if lagged negative

shocks augment the volatility by more than lagged positive shocks ( >0), there is an
asymmetric effect which is typically associated with a leverage effect or a volatility
feedback effect. If lagged negative shocks decrease the volatility of gold ( <0) the
asymmetric effect found for gold coin is inverted, i.e. positive shocks of gold increase its
volatility by more than negative shocks. The influence of the previous period’s conditional
volatility level (

) on the current period is given by δ (GARCH).
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Equation (1a) is specified with a regressor matrix X comprising additional variables that
can influence or explain any asymmetric volatility effect. Variables to be included in the
regressor matrix are lagged returns of gold or a stock market index with or without an
asymmetric impact on the gold return. Since the results can be influenced by the
distributional assumptions regarding the error distribution, asymmetric GARCH model of a
GARCH(1,1)-type by Maximum-Likelihood with a Gaussian error distribution and a
student-t error distribution are examined.

5.2. Measuring Price discovery:

The main objective of price discovery analysis is to reveal the process of the
incorporation of new information into the price dynamics of equal or closely linked assets
traded on more than one market. Put differently, the central question is whether one market
adjusts prices faster as a response to the new information than the other market which would
lead to different prices across both markets after the incorporation of the information in the
faster reacting market. Vector Error Correction Models (VECMs), advocated in Engle and
Granger (1987) are widely used to examine the relationships between closely linked
markets.
Hasbrouck (1995) develops a general framework for analyzing a market’s contribution
to the price discovery process. The starting point is the assumption of a common implicit
efficient equilibrium price in all the markets the asset is traded on. As an alternative price
discovery measure Gonzalo and Granger (1995) formally justify the common factor weights.
In the framework of an error correction model a market’s common factor weight equals the
relative magnitude of the coefficients of the adjustment vector.Gonzalo and Granger (1995)
show that common factor weights can be derived on the basis of a common factor model.
Hasbrouck (1995) model extracts the price discovery process using the variance of
innovations to the common factor. The Gonzalo and Granger (1995) approach, however,
focuses on the components of the common factor and an error correction process. Moreover,
Baillie et al. (2002) show that both measures provide similar results as far as the correlation
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between the error corrections model’s residuals is weak or moderate.
In this paper, similar approach as permanent-transitory model discussed by Gonzalo and
Granger (1995) is used to investigate the price discovery among these two markets. Before
estimating the models which link futures and spot prices to examine the price discovery role
of futures prices, one has to be sure that both price series are stationary. If they are not, they
must share the same non-stationary property. In other words, they are integrated of the
sameorder. Furthermore, if some linear combination of them is stationary, then they are
expected to move together in the long-run. Therefore, before studying the price discovery
role, one has to determine if there is a long-run stable relationship between the spot and
futures prices. That is, it must be established that the prices move together in the long run.
When the price series are non-stationary of the same order and if some linear combination of
them makes their non-stationary individual trend components cancel out, then a long-run
relationship can be expected and they are referred to as being cointegrated. Then, direction
of causality (lead-lag) can be tested to examine the discovery role of futures prices.
Furthermore, test for cointegrating vectors confirms that each series can be represented by
an error correction model, which will be used to examine the source of price discovery.
Vector Error Correction Models (VECM) and Granger Causality tests are applied to search
for the long run and short-run impacts respectively.
Engle and Granger (1987) show that two co-integrated price series have a VECM
representation shown next,
(2)
where

)' with the differential being the error correction term, i.e.,
and, therefore, the cointegrating vector is

futures prices, respectively.

.

is error correction vector and

and

denote the spot and

is a zero-mean vector of

serially uncorrelated innovations with covariance matrix Ω such that
Ω

is the variance of

.

and

is the correlation between
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and

. The VECM has

two portions: the first portion,

; represents the long-run or equilibrium dynamics
; depicts the short-run

between the price series, and the second portion,
dynamics induced by market imperfections.

Both the information-sharing and permanent-transitory models are derived from the
VECMs. An advantage of the Gonzalo and Granger model is that the common factor
estimates are exactly identified, as they do not depend on the ordering of the variables like in
case of strong correlation among the contemporaneous cross-equation residuals.
Following Granger (1969), the simple causal model is :
(3)
Where

and

denote the spot and futures prices, respectively, i= 1,2,..,p is the

appropriate lag-length based on AIC riterion and
white noise. If some of
if some

values are not zero, then

's are not zero, then

, and

is said to Granger cause

is said to Granger cause

it is said that there is a feedback relationship between
applied to test the null hypothesis that
fails to Granger cause

, i.e.,

, are taken to be uncorrelated
. Similarly,

. If the events both occur, then
and

fails to Granger cause

. The usual F-test canbe
, i.e.,

= 0 for all j, or

= 0 for all i.

In summary, the first step uses integration and co-integration tests to determine whether
the Gold coin spot and futures prices, which are non-stationary of the same order, are cointegrated. The order of integration is inferred by testing for unit roots. Engle and Granger
(1987) suggest seven unit root tests. Among them the augmented Dickey-Fuller (ADF) test
is believed to be the most powerful test in the literature.in this test null hypothesis is unit
root process. Hence,The rejection of

implies that the series Y ,is stationary. The co-

integration test, in general, aims at detecting whether there exists a stable relationship
between the levels of two variables. The assumption behind this test is that individual time
series can be integrated of order one, 1(1), but certain linear combinations of the series may
be stationary, that is, I(0). This implies that a linear combination of a set of individually nonstationary economic variables may be stationary and, therefore, a long-run stable
relationship between them can be expected.
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The second step consists of applying causality tests to those price series which pass the
first test and also construct the Error Correction Models(ECMs). The aim of this step is
determining the direction of information flows, whether the futures price leads the spot, or
the spot leads the futures and also find the long run relationship between two series and
finally find the direction and speed of adjustment to temporary deviation from long-run
relationship.

6. Empirical Result :
we first identify the equity market fluctuations using moving average approach.The data
display seven distinct price phases or 3 Bull- Bear stock markets and a bull phase toward the
end of sample period. Table 6 shows the different trading phases during sample period and
the corresponding changes in TEPIX value.

<< Insert Table 6>>

6.1. Asymmetric volatility of gold coin market
I applied GJR (1993) model to test asymmetric volatility in Iran gold market. Table 7
shows the estimation results of the asymmetric GARCH model. The table contains the
coefficient estimates and t-statistics of the asymmetric volatility model parameters specified
in equation 1b. the coefficient estimates for unconditional variance, ARCH,GARCH and
asymmetric effect are reported in vertical direction.

<< Insert Table 7>>

Coefficient estimates of 0.07 and 0.89 for ARCH and GARCH effects respectively and
also large values of t-statistics about 15 and 564 forgold coin returns denominated in local
currency, shows highly significant ARCH and GARCH effects. The coefficient estimate for
asymmetric term is negative and highly significant. The negative coefficient implies that
negative shocks exhibit a smaller impact on the volatility of gold than positive shocks. This
finding is consistent with Baur(2012) on the asymmetric volatility in gold market. Thus gold
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coin market in Iran reacts differently to positive and negative shocks to this market. Bad
news in other asset markets are considered as good news to the gold coin market and vice
versa. While negative shocks to return in equity markets is being considered bad news they
are considered as good news to the gold market increasing the demand in this market and
pushing the price up and boosting the volatility in this market as a result of perceiving more
risk and high uncertainty by investors.

6.2. Measuring price discovery process
As mentioned in section 5 , existing literature adopt different methodologies to measure
price discovery. Lead-lag return regressions, vector autoregressive models (VARs), or
vector error correction models (VECMs) are used to explore the temporal precedence or
bivariate relationship between paired returns, i.e. futures returns and spot market returns.
As it is mentioned in previous section the first step in measuring price discovery uses
integration and co-integration tests to determine whether the Gold coin spot and futures
prices, which are non-stationary of the same order, are co-integrated.
The ADF test statistics and corresponding Prob for all gold coin spot and futures prices
series are reported in Table 8.
<< Insert Table 8>>

The null hypothesis in this test is existence of unit root. The results show that the null
hypothesis (that series are nonstationary) cannot be rejected at the 5% significance level.
Therefore, the spot and futures prices are nonstationary in the levels. This nonstationarity
raises the possibility of spurious regressions in the levels model and requires a test for
stationarity in the rate of change model. The next step is to then test the rates of change of
all the variables to see whether they are stationary. Again, the ADF test is applied to the
first-order differences of the gold coin spot and futures prices. Results show that all the
prices are integrated of the first order.This implies that the levels of gold coin spot price and
each of the futures prices show similar temporal properties. However, whether the levels of
the spot price and futures prices are statistically linked over the long run has to be examined
by the co-integration test. First step is constructing unrestricted VAR model for two futures
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and spot prices series and calculating the lag length based on the Schwarz (SIC) criterion.
Based on this criterion appropriate lag length of 6 has been chosen. Table 9 represents the
results of Johansen co-integration tests. According to the results shown in this table, there is
one co-integration relation between these two series.

<<Insert Table 9 >>
Thus, now one may interested to know which series can predict the other and whether
price discovery takes place in futures market. Therefore next step is to test Granger
Causality to examine the lead-lag relation between two series and then construct the VECMs
to find the role of futures prices in price discovery process. Results for Granger Causality
test are shown in Table 10.

<<Insert Table 10>>

Results from lead-lag test for full sample shows that spot prices lead futures prices.
This finding is inconsistent with prior research especially based on developed countries
that financial markets operate well with less barriers. Inconsistent results may back to
price limits impose to futures market that disconnects market expectations from futures
contracts price fluctuations. another reason might be specific features of futures market in
Iran in terms of low level of market participants and the importance of cash market since
futures market is rather newly established market for gold coin. all these reasons may
affect the general predicting power of futures market or traditional role of this market in
price discovery despite existence of low transaction costs in this market compare to that
of cash market. Then VECMs are constructed to examine the long run relationship.
Results for full sample are shown in Table 11.

<< Insert Table 11>>
In this model, an error-correction term measuring the previous period’s deviation from
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long-run equilibrium is included. Error-correction, given by

coefficients, measuring the

response of eachvariable to the degree of deviation from long-run equilibrium in the
previous period.It is emphasized that at least one of the speed of adjustment coefficients
must be statistically significant in order to identify meaningful co-integration vector. Table
9 shows that sign of error correction of spot returns, α is positive and significant in 10 per
cent level of significance. This means that an increase in the previous period’s equilibrium
error leads to an increase in the current period spot prices.Similar to spot prices, an increase
in the previous period’s equilibrium error leads to an increase in the current period futures
prices as well. Findings do not exhibit existence of a sustainable long-term equilibrium is
attained by closing the gap between futures and spot price. In other words, both spot prices
and futures prices increase as a result of an equilibrium error in previous period.
Now taking into account different trading phases based on table 6 and considering 14
different futures contracts and corresponding spot prices during sample period, price
discovery process of gold coin futures and spot prices are examined.
Table 12 shows the results of ADF test to identify the order of integration of series.
ADF test shows that all series are non-stationary in level but stationary in first difference so
they are integrated of order one or I (1). To do co-integration test, first for all series using
unrestricted VAR model calculate the lag length based on the Schwarz (SIC) criterion.

<< Insert Table 12>>

Then based on the appropriate lags length for each pair series, we test the cointegration by the Johansen method. Table 13 show the result of the Johansen Cointegration test for all pair series of spot and futures gold coin prices.

<< Insert Table 13 >>

If there is no co-integration equation between two series, one cannot expect a longrun stable relationship between them because they are separately generated. The reports in
Table 13 indicate that futures and spot prices for three last series F12 and S12 , F13 and
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S13, and F14 and S14 are co-integrated. The first two series are coincide with the Bear
stock market according to table 6 which is interest of this paper since it is hypothesized
that price discovery role of futures market differs during different trading phases specially
when there is Bear condition in equity market sopositive shocks to gold market, then
volatility of gold spot prices would be higher thereby futures market cannot reflect the
market participants expectations or futures market will not lead cash market due to price
limit in former market. The last pair series were traded mainly during Bull equity market
so we expect futures prices lead spot prices for this series. In Table 13, r denotes the
number of co-integrating vectors. In this case, the number of co-integrating vectors can be
at most one because there are only two series in each test. Since the test statistics for the
last three tests exceed its critical value (5%) when the null is r = 0 we can conclude that
one co-integrating vector is present and that futures and spot gold coin prices are cointegrated.
The findings that the spot price and futures price of gold coin are I(1), and a certain
linear combination of them is I(0), clearly demonstrates a long-run relationship between the
spot price and futures prices of gold coin in the last three series. One justification for finding
this relationship just in recent series may be the growing the market over time in terms of
depth, trading volume, efficiency and number of market participants considering gold coin
futures market in Iran which is rather a newly established market.
One needs now to determine which price leads and which price follows. Lead-lag
regression (Grangers causality test) and Vector error correction models (VECMs) are two
alternative methods to explore the temporal precedence or bivariate relationship between
paired series.
The test for co-integrating vectors confirms that each series can be represented by an
error correction model, which will be used to examine the source of price discovery. This is
also the case for lag- lead relationship. Since a long-run stable relationship is only found
between the gold coin spot and futures prices in the last three series, it is proper to study
only these three pair-price series.
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6.3. Granger causality Test:
The lead-lag relationship can be examined through Granger's causality test, which is
designed to examine whether two co-integrated time series move one after the other or
contemporaneously. When they move contemporaneously, one provides no information for
characterizing the other. Before doing the test, using Schwarz criteria, the appropriate lag
lengths are determined. Then Granger causality tests are applied, the causality that shows
the short run impacts. Table 14 reports the results for Granger causality results for each
pair series.

<< Insert Table 14>>

Under null hypothesis, non-G-causality is examined, thus p-values will mark Gcausal relationships. We fail to reject the null hypothesis whenever the p-value is greater
than the 0.05 (in 5% level of significance). Comparing F-value calculated in this table
with F-critical value from table and also considering the magnitude of p-value reported in
the table, the result reveals that Gold coin Futures prices are granger cause of the spot
prices in last pair series but reverse is not true. The finding is as expected since the
mentioned series coincide with Bull phase in equity market. The other two pair series
were traded during Bear stock market show bidirectional causality. Interesting point is
finding different results for different trading phases especially when contracts were traded
in the same year and in the period of time rather close to oneanother but during different
trading phases in equity market.

6.4. Error Correction Model
In the presence of co-integrating relation forms the basis of the VEC specification.
Therefore in the case of co-integration , VEC Models are estimated to investigate the
nature of long-run relationship. In an error-correction model , the short term dynamics
of the variables in the system are influenced by the deviation from equilibrium. To
determine whether price discovery takes place in futures prices, VECMs are
constructed for last three pair series. Table 15 presents the parameters from VECMs
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estimations. A lag length of two is used for all three paired series.

<< Insert Table 15 >>

The results of the VECMs support the presence for co-integration found earlier in
the Johansentest. The sign and size of the coefficient on the error correction term,
given by

in each equation, represents the direction and speed of adjustment of the

dependant variable to temporary deviations from the long-run relationship. The larger
is, the greater the response of the previous periods deviation from long-run
equilibrium. It is emphasized that at least one of the speed of adjustment coefficients
must be statistically significant in order to identify meaningful co-integration vector. If
all coefficients are zero, the long-run equilibrium relationships does notappear. Table
15 shows that sign of error correction of spot returns,

’s are positive and significant

in both estimations. This means that an increase in the previous period’s equilibrium
error leads to an increase in the current period spot prices. In contrast, the sign of error
correctionfor futures returns,

’s are negative and significant. A negative

implies

that an increase in the previous period’s equilibrium error is followed by a decrease in
the current period futures prices. Both error correction coefficients suggest that a
sustainable long-term equilibrium is attained by closing the gap between futures and
spot price. In other words, spot prices rise to meet increases in futures prices while
futures prices revert to spot prices.

7. Conclusion:
This paper makes a link between price discovery role of Gold coin futures market and
different trading phases and show that some specific characteristics of Gold coin which
distinguish this precious metal from other commodities along with price limit in Iran futures
market might distort the price discovery role of futures market or change the contribution of
each market in price discovery process in Iran .
In this paper,borrowing asymmetric model of Glosten, Jaganathan , and Runkle (1993)
inverted asymmetric reaction of gold market in Iran has been examined. Findings show the
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inverted asymmetric reaction of gold market in Iran which is consistent with Baur (2012).
Then price discovery process of the Bahar-e-Azadi gold coin futures contracts in Iran
Mercantile Exchange during different trading phases between 12/25/2010 and 11/20/2012
has been examined by applying Vector Error Correction Model (VECM) and Granger
Causality test for long run and short-run impacts respectively.

Findings show that during bear stock market and thus higher volatility in gold market
there are bidirectional relationships and both futures and spot prices are granger cause of
each other while during bull phases in stock market futures price has forecasting power for
spot price in gold market. Results of the Vector error correction models (VECMs) support
the findings in Johansen co-integration test.
This study is relevant for those countries with the same degree of openness as Iran and
those of that impose such restrictions on their futures market that may change the role and
contribution of futures market in price discovery process.
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Figure 1. Futures trading volume in Iran Mercantile Exchange (IME) between year 2008 and 2012 .
data are in daily frequency.

Table 1
Technical specifications of the most frequently encountered Iranian gold coins

Denomination
Azadi - Pound
Half Azadi
1/4 Azadi

Diameter

Weight

Alloy

AGW

22

8.1360

0.900

0.2354

19

4.068

0.900

0.1177

16

2.033

0.900

0.0589

Key
Denomination = Face value
Diameter = Approximate Diameter in millimetres.
Weight = Weight in grams.
Alloy = Fineness of gold.
AGW = Actual fine gold weight in troy oun
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Figure 2: shows the movement of equity index and gold coin spot prices over 4 years from late
year 2008 through year 2012 . data are in daily frequency. TEPIX level is labeled on left vertical
axis and gold prices are labeled on the right vertical axis. Blue solid line shows equity index trend
while the red solid line shows the Gold coin trend during the sample period.

Table 2
list of considered variables and their sources
Variable name

Gold coin spot price
Gold coin futures price
TEPIX

Explanation

Source

Daily Spot price series
Daily near month futures
contract on gold coin
Equity index
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Tehran Union of
Manufactures and Sellers of Gold
Iran Mercantile Exchange
Tehran Stock Exchange
official website www.irbourse.com

Table 3
Summary statistics of daily gold coin spot and futures prices
series during 12/25/2010 through 11/20/2012 (full sample period)

Futures prices

Spot Prices

Mean

7,266,625

6,395,003

Median

7,185,482

6,110,000

Maximum

15,905,000

14,200,000

Minimum

3,715,000

3500000

Std. Dev.

2,545,324

2,383,388

Skewness

0.73

1.18

Kurtosis
Jarque-Bera

3.50
48.35

4.30
138.75

Probability

0.00

0.00

488

488

Observations

Table 4
Futures Contracts Series Keys
Futures contracts
Name
GCOR90
GCTR90
GCSH90
GCAB90
GCDY90
GCES90
GCFA91
GCOR91
GCKH91
GCTR91
GCMO91
GCSH91
GCME91
GCAB91

Futures price
Series
F1
F2
F3
F4
F5
F6
F7
F8
F9
F10
F11
F12
F13
F14
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Table 5
Summary statistics of daily gold coin spot and futures price series for all 14 futures contracts
traded during 12/25/2010 through 11/20/2012
series
F1
F2
F3
F4
F5
F6
F7
F8
F9
F10
F11
F12
F13
F14
S1
S2
S3
S4
S5
S6
S7
S8
S9
S10
S11
S12
S13
S14

Mean
3,942,667
4,239,438
4,764,389
5,394,367
5,912,387
6,873,487
7,988,961
7,508,391
7,504,169
7,805,987
7,365,141
7,963,747
9,287,866
10,739,023
3,860,266
4,101,111
4,564,318
5,066,490
5,503,862
6,332,107
7,774,024
6,811,503
7,142,213
7,042,335
6,983,637
7,334,731
8,532,534
9,936,953

Median
3,930,858
4,280,635
4,582,851
5,245,719
6,144,027
6,737,663
7,921,745
7,342,291
6,983,422
7,431,487
7,392,239
7,967,776
8,571,472
9,777,874

Std. Dev.
209,056.20
262,618.20
500,811.20
588,818.60
635,788.00
882,187.20
509,438.30
833,315.00
1,012,453.00
953,976.20
410,001.60
595,855.30
1,623,354.00
2,172,854.00

3,852,500
275,923.10
4,210,000
308,637.90
4,320,000
591,312.30
4,810,000
736,773.10
5,760,000
736,728.10
6,075,000 1,074,262.00
7,780,000
268,766.20
6,600,000
923,234.60
6,955,017
618,914.40
6,904,484
762,628.30
6,971,285
425,490.00
7,136,944
751,141.00
7,750,000 1,901,816.00
9,440,000 2,381,954.00
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Skewness
0.66
-0.17
1.37
0.20
-0.60
0.13
0.10
0.42
0.54
0.54
-0.23
0.06
1.68
0.60

Kurtosis
2.15
1.84
4.15
1.48
1.86
2.84
1.82
2.08
1.85
2.04
2.88
3.49
4.69
1.97

Jarque-Bera
9.62
7.16
48.53
15.55
19.12
0.66
2.46
11.52
9.31
16.25
0.98
1.04
57.03
10.01

Probability
0.01
0.03
0.00
0.00
0.00
0.72
0.29
0.00
0.01
0.00
0.61
0.59
0.00
0.01

0.43
-0.44
1.54
0.19
-0.68
0.64
-0.16
0.37
0.14
0.22
0.07
0.97
1.34
0.29

1.79
1.99
4.32
1.30
1.95
2.59
2.16
1.67
1.71
1.93
2.57
3.66
3.70
1.58

8.57
8.82
61.55
19.03
20.75
13.21
1.38
17.16
6.55
10.45
0.93
17.09
31.08
9.39

0.01
0.01
0.00
0.00
0.00
0.00
0.50
0.00
0.04
0.01
0.63
0.00
0.00
0.01

Table 6
Different trading phases in equity market during sample period
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Table 7
Estimation results for Gold Coin volatility responses to various shocks

constant
ARCH
GARCH
Asymmetry

coef.
t-stat
coef.
t-stat

0.00
0.28
0.07
15.06

coef.
t-stat
coef.
t-stat

0.89
563.68
-0.06
-9.87

 This table presents the estimation results of an asymmetric GARCH (1,1) model for gold coin
daily return series. The model applied is the model by byGlosten, Jaganathan and Runkle (1993)
(GJR).
(1a)
(1b)

Table 8
ADF Unit Root Test for gold coin futures and spot prices (full sample)
series

Level

Prob

First-Order Difference

Prob

Gold coin Futures prices

-0.66865

0.8519

-16.16403

0.0000

Gold coin Spot prices

-0.06097

0.9514

-8.853597

0.0000

Table 9
Johansen Co-integration test for Gold Coin Spot and Futures prices over the full sample period
Log Price Series

Hypothesis

Trace
Statistic

Prob

Critical value

full sample gold coin spot
prices and futures price
series

r=0

19.27545

0.0029

12.3209

r <= 1

2.230462

0.1597

4.129906

Result

1 co-integration
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Table 10
Granger Causality Test: Causality for Gold Coin and Futures Prices over the full sample period

Null Hypothesis

F-Statistic

Prob.

SPOTPRICES does not Granger Cause FUTURESPRICES

3.47502

0.0023

Lags

6
FUTURESPRICES does not Granger Cause SPOTPRICES

1.46721

0.1878

Table 11
Error Correction Model for Gold Coin Futures and Spot Prices series over the full sample period
Series

α

Δ St-1

spot prices
futures prices

0.002384*
0.02149***

-0.144706**
-0.004347

ΔSt-2

ΔFt-1

-0.100195** 0.130734*
-0.026245 0.327959***

*, **,***statistical significance at the 10% ,5% and 1% levels.
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ΔFt-2
-0.057797
-0.195987**

Fstatistic
2.657726
14.41651

Adjusted
R-square
0.017968
0.128984

Table 12
ADF Unit Root Test for all gold coin futures and spot price series

series
F1
F2
F3
F4
F5
F6
F7
F8
F9
F10
F11
F12
F13
F14
S1
S2
S3
S4
S5
S6
S7
S8
S9
S10
S11
S12
S13
S14

Level
-2.63758
-1.37423
-0.47119
-1.82502
-1.81024
-2.78101
-3.29471
-0.59855
-1.91326
-1.05271
-2.42172
-0.96714
2.577652
-1.26613
-0.95459
-1.69262
1.03227
-0.34835
-0.60655
-1.54852
-1.70445
-1.36061
-1.45827
-1.98338
-0.75967
1.52232
1.691039
-1.17357

Prob
0.2651
0.8635
0.9838
0.6878
0.6955
0.2063
0.0817
0.9776
0.3249
0.7338
0.1383
0.7623
1.00
0.6426
0.7663
0.4323
0.9968
0.9135
0.8648
0.5068
0.4214
0.6006
0.55
0.294
0.8259
0.9993
0.9996
0.6833

First-Order Difference
-7.548613
-8.541534
-9.570175
-9.789572
-10.42152
-10.52735
-6.561113
-10.30902
-8.879247
-10.50098
-8.510834
-8.32539
-7.233827
-6.7487
-4.575062
-5.224832
-10.91183
-11.00242
-11.34975
-15.602
-8.605708
-16.29426
-12.63762
-16.17826
-7.76966
-8.5669
-12.17326
-12.00682

Critical value for ADF test :
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Prob
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.0001
0.00

Table 13
Johansen Trace test for Co-integration across all 14 series of gold coin futures and spot prices
Log Price Series
F1 and S1
F2 and S2
F3 and S3
F4 and S4
F5 and S5
F6 and S6
F7 and S7
F8 and S8
F9 and S9
F10 and S10
F11 and S11
F12 and S12 *
F13 and S13*
F14 and S14*

Hypothesis
r=0
r <= 1
r=0
r <= 1
r=0
r <= 1
r=0
r <= 1
r=0
r <= 1
r=0
r <= 1
r=0
r <= 1
r=0
r <= 1
r=0
r <= 1
r=0
r <= 1
r=0
r <= 1
r=0
r <= 1
r=0
r <= 1
r=0
r <= 1

Trace Statistic
12.75452
1.296798
4.465637
1.106845
10.10653
0.841677
9.598898
0.061224
7.325321
0.183806
10.99453
0.623584
8.002958
0.807129
2.678369
1.04424
10.99173
2.887885
10.88818
2.4437
10.01972
0.079683
15.86346
4.154245
15.879634
2.821529
17.59763
1.26753

Prob
0.1241
0.2548
0.8626
0.2928
0.2726
0.3589
0.3129
0.8046
0.5401
0.6681
0.2118
0.4297
0.4651
0.369
0.9795
0.3068
0.212
0.0892
0.2185
0.118
0.2792
0.7777
0.0322
0.0415
0.0403
0.1100
0.0172
0.5647
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Critical
15.495
3.842
15.495
3.842
15.495
3.842
15.495
3.842
15.495
3.842
15.495
3.842
15.495
3.842
15.495
3.842
15.495
3.842
15.495
3.842
15.495
3.842
15.495
3.842
15.495
3.842
15.495
3.842

value Result
No Cointegration
No Cointegration
No Cointegration
No Cointegration
No Cointegration
No Cointegration
No Cointegration
No Cointegration
No Cointegration
No Cointegration
No Cointegration
1

Cointegration

1

Cointegration

1

Cointegration

Table 14
Granger Causality Test: Causality for Gold Coin spot and Futures Price series which have shown cointegration relationship
series and directions

F-Value

Prob

F12 does not Granger cause S12
S12 does not Granger cause F12
F13 does not Granger cause S13
S13 does not Granger cause F13
F14 does not Granger cause S14

8.01811
2.96935
5.62910
8.62162
27.8043

2. E-05
0.0240
3. E-05
1. E-07
4.00E-10

S14 does not Granger cause F14

1.0462

0.3555

Lag
4
7
2

Table 15
Error Correction Model for Gold Coin Futures and Spot Prices
ΔSt-2

ΔFt-1

ΔFt-2

F-statistic

Adjusted Rsquare

0.098484

-0.21559*

0.216406***

-0.2036**

3.073723

0.100307

0.048414*

0.04685

-0.31549***

0.183974***

0.124005*

4.96311

0.175646

F13

-0.059355*

-0.10538*

-0.25242

0.389515***

0.068952*

3.664886

0.125319

S13

0.469152***

-0.24087*

-0.1889*

0.465689***

0.111459

9.257119

0.307446

F14

-0.038433*

-0.16335*

-0.15354*

0.477164***

-0.04282

3.959071

0.138539

S14

0.498849***

-0.26977**

-0.02613

0.651069**

-0.10517

0.464553

16.96382

Series

α

F12

-0.095082**

S12

St-1
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