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Abstract 

Foc11si11g 011 t/1e recent increase i11 gold prices, the basic 
objective of the paper is to predict c/1nnges i11 the price of 
gold n11d to exn111i 11e t/1e relationship flint exists beht>ee11 
co111111odity prices n11d 111ncroeco110111ic variables i11 the 
Indian context. T/1e variables considered are: 
co111modity prices as represented by gold, silver and oil; 
n11d 11iacroec0110111ic variables represented by interest 
rates, exchange rates and stock market indices. Vector 
A11toregressive (VAR) Modeling has been adopted and 
standard VAR s11mmary statistics suc/1 as Granger 
ca11sality tests, imp11/se response fu11ctio11s, and 
variance decompositions are analyzed to study co­
movements behueen the variables. Monthly data from 
April 2005 to Dece111bcr 2013 for111s the sample period 
of 011r study. Primarily, the following conc/11sio11s 
emerge: First, the largest s/Jnre of s/,ock to price of gold 
is significn11tly explained by its own variance. Shocks i11 
other variables explain only 10 per cent of the variation 
i11 gold prices. Interes tingly, i1111ovntions in silver 
prices explain variations in gold prices more than it 
explains variations in its own price. Analysis of t/1e 
imp11/se response functions reveals that a positive s/1ock 

to oil 1111d silver price has 11 fm.1011 rable effect 011 gold 
priCI' initially, tho11gh its response becomes adverse 
Inter. Fu rt/1er, t/1e impact of a positive s/1ock to Nifty 011 

gold prices, though positive initially, dissipates 
t/1erenfter. Additio11nlly, i1111m1ntio11s in exchange rate 
initially l,m1e 1111 adverse impact 011 gold price, tho11gh 
later gold prices /1egi11 to respond favourably. 
Jo/111nse11 's Coi11tegratio11 test s11ggests that t/1ere is 11 
weak long term re/11tio11s/1ip that exists 11111011g the 
variables analyzed in the study. 

Keywords: Gold Prices, Oil Prices, Exc/,nnge Rates, 
A11gme11ted Dicky-Fuller test, Vector auto regressio11, 
fol,n11se11's test of Coi11tegratio11, Granger Cnusnlity, 
Forecast Error Variance Decompositio11 
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Introduction 

In recent months, India has seen a huge surge in 
the import of gold, notwithstanding the sustained 
increase in its price. It is also said that India is the 
largest consumer of gold. Since India fulfills its 
almost entire requirement of gold through 
imports, this trend has led to worrisome levels of 
current account deficit (CAD). Interestingly, 
India's 2012 gold demand was about 11 per cent 
more than that of China, although China's GDP is 
3.5 times that of India. Similarly, compared with 
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the United States, which has an economy ten times 
the size of India, India's gold demand remains five 
times that of the US. As shown in Figure 1, the 
value of gold imports in India has surged in recent 
years, despite the sharp rise in gold prices, 
indicating that our gold imports are relatively 
price inelastic. This implies that while demand for 
gold may have reduced with an increase in its 
price, the total expenditure on gold imports has 
increased. Therefore, import bill on account of 
gold import has risen. 
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Figure 1: Gold Price and Value of Gold Imports 

Source: Reseroe Bank of India 

The policy-makers also need to appreciate that 
gold demand has several drivers. Largely, 
demand is driven by cultural factors, tax evasion 
and the need to acquire a safe and liquid 
instrument. Further, rising inflation has made 
purchase of gold more of an investment decision, 
rather than a consumption decision. Despite price 
rise, it is arguable that there are some limits 
beyond which the consumption of gold is not 
likely to be substituted by other forms of 
consumption. Also, Indians tend to accumulate 
gold over a period of time, thereby giving them 
considerable scope to vary the rate of purchase as 
the prices fluctuate. In addition, rising incomes 
have resulted in enhanced purchases of gold. 
Specifically, it is estimated that for every 1 percent 
increase in income, gold consumption increases 
by 1.5 percent (implying high income elasticity). 

Focusing on the recent increase in gold prices, the 
basic objective of the paper is to predict changes in 
the price of gold and to examine the relationship 
that exists between commodity prices and select 
macroeconomic variables in the Indian context. 

The remainder of this paper is organized as 
follows: ln section 2, we discuss the main factors 
that have led to India being a leading consumer of 
gold in the world. Section 3 provides a brief 
review of studies that have examined the 
determinants of the price of gold. Section 4 
describes the methodology, data sources, as well 
as the empirical findings of the paper. Using 
Vector Auto-regression Modeling, the variables 
considered for the study are prices of gold, silver 
a nd oi l; and macroeconomic variables 
represented by interest rates, exchange rates and 
stock market indices. Section 5 concludes from a 
broad policy perspective. 
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Factors contributing towards enhanced 
demand for gold 

Gold, in general has varied uses and its demand 
stems primarily from household consumption, 
industrial consumption and investment purposes. 
The world consumption of new gold produced is 
about 50 per cent in jewellery, 40 per cent in 
investments, and 10 per cent in industry. 
However, as seen in Figure 2, the composition of 
gold demand, in recent vears, has seen a steady 
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movement towards the non-jewellery items. 
Growth in demand for gold is generally 
considered to be a function of economic growth, 
gold prices; which in turn is a function of import 
duty, exchange rate, inflation and interest rates, 
availability of alternative financial instruments; 
and availability of credit. 

Some of the key drivers of demand for gold 111 

India arc discussed in this section. 
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Figure 2: Gold Demand for Jewellery and Non-Jewellery Use (2006-06 to 2012-13) 

Sourer: World Gold Co1111nl 

Social and cultural factors: It is a well known fact 
that household demand for gold is strongly 
influenced by several social, economic and 
cultural factors. Indians arc highly sentimental 
about gold jewellery in their possession. It is a 
matter of pride to invest in gold jewellery in India, 
hence enhanced money in the hands of the poor 
and middle class has historica lly been cana lized 
towards purchase of gold. Indians consider it 
auspicious to buy/ invest in gold during wedding 
and festival seasons. Resultantly, India witnessed 
a high demand for gold, inspite of an all time high 
price of INR 32,000 per 10 grams in 2012. It is 
estimated that the real purchaser of gold in India is 
typically a peasant. In fact 65 percent to 70 per cent 
of the gold jewellery is sold in rural areas. People 

in rural India only know this means of investment 
and see it as a powerful tool to hedge against 
agricultural risks or urgent needs. 

Sustained increase in gold prices fueling 
demand for gold: Another reason for the 
increasing imports of gold has been the sustained 
increase in gold prices in India. The gold prices 
increased markedly over the period Apri l 2008 to 
March 2012. Investors reaped the benefit of 
attractive returns as the gold prices were 
increasing. This led to further investment in gold, 
giving impetus to further rise in gold prices. 
Rising prices of gold and imports of gold mutually 
reinforced each other. Investors seized the 
opportunity of investing in gold when there were 
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temporary falls in gold prices. Additionally, gold 
is considered as an investment that appreciates 
over years and provides a hedge against inflation. 
In India, price of gold (in INR per l O gms) has 
grown from INR 8,910 in 2006 to INR 29,221 in 
2013. This represents an average annual growth of 
32 per cent. The Indian domestic gold prices have 
moved in tandem with the international gold 
prices. Constantly rising prices boosted the 
confidence of general public towards investment 
in gold. With inflation crossing a double digit 
mark, Indians have eventually started to see gold 
as a more secure means of investment, with 
better/higher returns vs. current deposits. As is 
clear from Figure 3, the cumulative rate of return 
in gold as an asset (over the period 2008 to 2012) 
has been much higher as compared to returns in 
alternate investments such as in the stock market 
or on bank deposits. Further, growth of gold 
prices over the period 2006 to 2011 at 33.54 per cent 
have been higher than the annualized inflation 
rate at 8.96 per cent, clearly suggesting the 
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preference for gold purchases as an inflation 
hedge (the corresponding growth rates for the 
period 2001-02 to 2005-06 were 9.2 per cent and 
4.69 per cent respectively). Additionally, no tax 
hassles on gold transactions in the informal 
market further incentivizes diverting domestic 
savings towards gold. Apart from these reasons, 
two factors specific to India, driving the demand 
for gold imports, need to be stressed. Firstly, India 
enjoys a strong position as an exporter of gems 
and jewellery. Thus, a significant proportion of 
gold imports is undertaken with a view to convert 
it into value added products like jewellery and 
export it therafter. Secondly, in recent years, 
utility of gold jewellery in securing credit has been 
reinforced to a great extent by the marketing 
efforts of gold loan companies. This has 
strengthened the liquidity motive for holding 
gold, which could be pledged by households as 
collateral, to tide over temporary mismatches in 
liquidity. This is discussed next. 

GOLD ■ Nifty 1-Yr Deposit ■ 10-Yr Gol Bond 

Figure 3: Cumulative Returns of Domestic Assets ijanuary 2008 - May 2012) 

Source: Reserve Ba11k of India (2012), Report of f/,e Working Group to Study ti,e Issues Related to 
Gold Imports and Gold Loans NBFCs in /11dia. 

Developments in gold loans market: Gold loans, 
in India, are traditionally provided by money 
lenders and local pawn brokers. This facility is 
availed by people from a ll walks of life 

(individuals, petty traders, borrowers in low and 
middle income group). While the gold imports 
surged, the gold loan market in India has also 
grown significantly and there is a decisive shift in 
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the players from unorganized sector to organi,1ed 
sector like banks and <;pecia]i,1ed Non Bank 
Financial Company (NBFC). ln the post crisis 
period, personal loans have become costlier with 
upward revision in interest rates. Hence, a swift 
rise in the number of NBFC's institutions and their 
branch network fueled the volume of loan granted 
against gold. While in the organized sector, gold 
loans disbursed by NBFCs have witnessed rapid 
growth in the recent past, share of banks in total 
gold loans remains much higher at 72.3 per cent at 
the end of March 2012. However, although banks 
continue to retain the dominant share in the gold 
loan market, the share of NBFCs has been steadily 
increasing over the years and increased from 13. 2 
per cent from March 2008 to 27.7 per cent as at the 
end of March 2012. Further, flexibility of loan 
options, liberal loan to value ratio, and easy to 
conform documentation, led to rapid expansion of 
the gold loans. Also, the average size of gold loan 
increased due to the rapid price increase of gold 
and constricted availability of retail and personal 
loans from banks. Since gold was now 
increasingly seen as a near to liquid asset, it 
further increased the demand for gold, leading to 
an increase in gold imports. Technical work 
undertaken by the Working Croup constituted by 
the Reserve Bank of India (RBI, 2012) 
substantiated the fact that gold loans have a causal 
impact on the gold imports, since it encourages 
the liquidity motive of holding gold. An 
econometric analysis based on monthly data for 
the period 2008-09 to 2011-12 was undertaken by 
the group to examine the possible determinants of 
gold demand in India. The empirical analysis 
suggests that such outstanding loans have an 
impact on the quantum of gold imports and that 
there exists a positive correlation between total 
gold loans outstanding and the gold imports. 
Specifically, a lper cent change in gold loans was 
estimated to lead to a 0.3 per cent change in 
volume of gold imports. Possible rationale for this 
relationship could be that when the gold prices 
increase, with a liberal loan to value ratio, people 
are generally induced to invest in gold due to the 
prospects of gold value appreciation and the 
possibility to raise a loan in case of need. 
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Increasing trend in the CP-DD ratio and the 
quantum of black money: CP-DD ratio (defined 
as a Ratio of Currency with Public to Demand 
Deposits) depicts the public preference for cash. In 
India, the CP-DD ratio has shown an increasing 
trend since 2008 and reached 1.5 per cent in 2011-
12, after attaining a low of 1.1 per cent in 2007-08. 
This means that public preference for cash holding 
increased significantly during this period. Higher 
CP-DD ratio might be reflecting an increase in 
high value cash transactions, part of which, 
perhaps, took place for gold transactions. Gold 
deals in grey market are cash based, hence the 
possibility of large informal transactions 
involving huge money in recent years flowing into 
gold cannot be ruled out. Additionally, the gap 
between supply and demand of gold in India has 
caused spurt in gold smuggling in India. 

Increasing gold reserves in India: /\n increase in 
gold imports at high gold prices has led to large 
trade deficits and worsened India's current 
account deficits (CAD). In recent years, around 30 
per cent of trade deficit in India has been on 
account of gold import. The Reserve Bank of India 
has developed an external vulnerability index 
which takes into account various measures of 
solvency ratios designed to reflect the 
vulnerability of the Indian financial system to 
external risks. Since gold imports contribute 
significantly to current account deficit, it causes 
the country's external vulnerability to go up. To 
adjust the CAD and reduce such vulnerabilities, 
the central bank had to buy large quantity of gold 
to diversify its foreign exchange reserves. As is 
clear from Figure 4, the gold reserves in India (in 
million USD and as percentage of total reserves), 
witnessed a huge growth, leading to further spike 
in gold demands in India. 
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Figure 4a: Gold Import in India 
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Figure 4b: Gold import/ Trade deficit ratio 
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Figure 4c: Gold Reserve in India (in million USO and as percentage of total reserves) 

5011 rec: Rescn1c Bank of India, The Handbook of Statistics for the Indian Eco110111y 

Review of Literature 

In the past, several studies have attempted to 
study the determinants of the price of gold. In 
general, this has been a ttempted from three major 
perspectives: 
• Papers that analyze the price of gold in 

terms of macroeconomic variables. This 
strand of literature consists of studies 
which address impacts of macroeconomic 

Perspectives 

First Gold price as explained from the 
perspective of macroeconomic 
variables 

Second Gold prices explained from the 
perspective of Speculat ion motive 

Third Gold as a hedge against inflation 

• 

variables such as exchange rates, interest 
rates, or output on the price of gold. 
Studies that focus on speculation and 
rationality of gold price movements, and 
Literature that analyzes demand for gold as 
a hedge against inflation 

A synoptic view of these studies is provided in 
Table 1. Few of these papers are reviewed in this 
section. 

Table 1 

Stud ies 

Abken, 1980; Ai Han <'I al., 2008; Ariovich, 
1983; Dooley et al. , 1992 , 1995; Eric et nl., 2006; 
Kaufmann el nl., 1989; Lucey et al. (2006), Mu 
Lan el al., 2010; Sherman, 1982, 1983, 1986; 
Sjaastad cl al., I 996, 2008; Sm ith, 2001, 2002; 
Sujit et al. , 2011; Toraman £'I al. , 2011; Zang cl 

al., 2010. Wang and Lee (2011) 

Baker £'I nl., 1985; Bialkowski el n/., 2011; Chua 
et al. , 1990; Diba ,•t al. , 1984; Koutsoyiannis, 
1983; Pind yck, 1993; Pravit, 2009 

Beckmann et al. , 2012; Chappell el al. , 1997; 
Ghosh el al., 2000, 2004; Kolluri, 1981; Laurent, 
1994; Mahdavi rt nl., 1997; Moore, 1990; 
Ranson, 2005 a, b; Worthington el al. , 2006 

Source: Based 0 11 study by Sujit et.al. (2011) and updated by authors 
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Toraman rt 11/. (2011) have estimated the factors 
affecting gold prices in the USA. Their study, 
based on monthly data between June 1992 and 
March 2010 included variables such as gold prices, 
oil prices, exchange rate, inflation rate, and real 
interest rate. Based on Multivariate GARCl---1 
model, they find that a high negative correlation 
exists between gold prices and the USA exchange 
rate. Further, a positive correlation has been 
estimated between gold prices and oil prices. Eric 
et al. (2006) estimate the determinants of gold 
prices in the USA, in the short run and the long­
run, for the period January 1976 to August 2005. 
Using cointegration statistical technique, the 
variables included in the study arc: nominal price 
of the gold, consumer price index (CPI), change in 
retail price index, volatility of the USA inflation, 
IMF 'World' price index, volatility of the world 
inflation, world income, dollar index, gold lease 
rate and credit risk default premium. Based on the 
evidence, the authors conclude that a long term 
relationship between the gold price and the US 
price level exists. Further, the study suggests a 
positive relationship between gold price 
movements and changes in US inflation rate, US 
inflation volatility and credit risk. The paper also 
reveals a negative relationship between changes 
in gold price, changes in the US dollar index and 
the gold lease rate. Dooley et 11/. (1992) investigate 
the relationship between price of gold and 
exchange rate for various countries. End of the 
month exchange rates between the US dollar and 
four other major currencies (the pound sterling, 
the Japanese Yen, the Deutsche Mark, and the 
French Franc), as well as the mark/yen exchange 
rate over the period January, 1976 to December, 
1990 is used in the study. The general conclusion 
that emerges from their empirical investigations is 
that gold price movements have a significant 
explanatory power in explaining exchange rate 
movements, over and above the effects of 
movements in monetary fundamentals other than 
real macroeconomic variables. In addition to other 
techniques, the paper also applies multi variate 
vector auto regression and cointegration 
modeling techniques to test the short-run and 
long-run influence of the price of gold on 
exchange rates, conditional on other monetary 
and real macroeconomic variables. 
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Sujit rt 11/. (2011) analy7(' the dynamic relationship 
between commodity prices (gold and crude oil), 
stock index and exchange rate for the economy of 
USA. Using Vector autoregressive (VAR) and co­
integration techniques to explore the above 
relationship, they use daily data from 2 January 
1998 till 5 June 2011, constituting 3485 
observations. Their findings indicate that 
fluctuations in gold prices are largely dependent 
on gold itself rather than fluctuations in oil prices 
or stock market indices. Findings also indicate 
that exchange rate is highly affected by 
fluctuations in variables such as gold price and oil 
price. For one of the models, the paper estimated a 
weak long-term relationship among the four 
variables analyzed, viz. gold price, oil price, 
exchange rate and stock market index. 

Abken (1980) investigates the movement and 
direction in which the market responds at the time 
when new information arrives in the market. It is 
stated that owners of gold stocks have the choice 
of selling gold today or storing it for future sale. 
This decision depends on current and anticipated 
future prices. It is assumed that the consumer is 
rational. In other words, the participant in the gold 
market acts to maximize anticipated net revenue 
from the storage of gold. In the research paper, 
gold prices arc taken as endogenous variables and 
interest rate and lagged values of gold prices are 
taken as exogenous variables in multi-regression 
analysis. The study uses monthly observations 
from January 1973 to December 1979, containing 
81 observations. The author observes that gold 
differs only in degree from other storable 
commodities in the way various economic factors 
influence its price and concludes that the spot 
prices of gold (like all storable commodities) are 
particularly influenced by anticipations of future 
spot prices. In the case of gold, however, the 
relative insignificance of flow supply and demand 
compared to stocks, the relative insensitivity of 
flow supply and demand with respect to spot 
price movements, and the relative liquidity of 
gold, all tend to make current changes in the gold 
price especially sensitive to changes in its 
anticipated future spot price. 

The study by Sjaastad (2008) has investigated the 
relationship between major exchange rates and 
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the gold prices using forecast error model. The 
spot gold price and forward gold price (i.e., 90-day 
contracts let at the beginning of each month) data 
were based on daily observations from January 
1991 to June 2004, both in U.S. dollars. Spot and 
forward exchange rates between US Dollar, GB 
Pound, Japan Yen and Deutchc Mark were also 
part of their study. Based on the analysis, the 
author observed a high positive relationship 
bet\Nl'en the spot and forward gold prices. 
Further, rL'al appreciations and depreciations of 
the Curo and the Yen against the U.S. dollar have 
been estimated to have profound effects on the 
price of gold in all other currencies. Additionally, 
the major gold producers of the world (Australia, 
South Africa, and Russia) appear to have no 
significant influence over the world price of gold. 
Also, contrary to earlier studies, Sjaastad 
concludes that gold no longer seems to be a store 
of value against "world" inflation. 

Smith's (2002) paper provides empirical evidence 
on the relationship between the price of gold and 
stock price indices for countries of Europe and 
Japan for the period beginning in January 1991 
and ending in October 2001. Three London gold 
prices and twenty-three stock price indices are 
used. All indices except the Nikkei 225 have 
capitalisation weights. Evidence shows that the 
short-run contemporaneous correlation between 
returns on gold and European stock price indices 
is generally small and negative and often 
insignificantly different from i'cro, but 
occasionally it is small and positive. Further, all of 
the gold price and stock price indices arc 1(1) i.e. 
time-series are integrated of order one 1(1). Also, 
over the period examined, there is no 
cointcgration involving a gold price and a stock 
price index. That is, there is no long-run 
equilibrium and the series do not share a common 
stochastic trend. Only weak short-run 
relationships are evident. Using daily time series 
data Mu Lan et al. (2010) explore the impact of 
fluctuations in gold prices, crude oil prices and 
exchange rates of the US dollar vs. various 
currencies on the stock price indices of the United 
States, Germany, Japan, Taiwan, and China 
respectively, as well as, the long and short-term 
correlations among these variables. The results 
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indicate that there exist cointegrations among 
fluctuations in gold price, oil price and exchange 
rates of the dollar vs. various currencies, and the 
stock markets in Gcrmanv, Japan, Taiwan and 
China. The paper by Ail Ian ct al. (2008) proposes 
an interval method to estimate the dynamic 
relationship between the exchange rate of 
Australian dollar against the US dollar and the 
gold price. This stud\ uses wee kl), monthly and 
quarterly observations for thl' variables and the 
sample period analyi'ed is from January 6, 2002 to 
February l 0, 2008. Using Interval method, interval 
sample data were formed to present the volatility 
of the variabll•<,. The Interval Least Squares 
approach (!LS) was extended to multi-model 
estimation and the computational schemes were 
provided. The empirical evidence suggests that 
the ILS estimates characterized the relationship 
between the exchange rate and the gold price, 
both in the long-run and the short-run. 

In their paper Ghosh cl 11/ (2000), construct a 
theoretical model and suggest a set of condition<, 
that would have to be satisfied for the price of gold 
to rise over time at the general rate of inflation. 
They, thus, state that if these conditions are met, 
then gold would be an effective long-run hedge 
against inflation. The authors argue that changes 
in factors such as the real interest rate, the 
covariance of returns to gold with a diversified 
portfolio of other assets, default risk, the 
convenience yield and particularly the gold lease 
rate can seriously disturb the equilibrium and 
generate considerable short-run volatility. Using 
monthly gold price data over the period 1976 to 
1999 and adopting cointcgration regression 
technique, their empirical analysis confirms a 
long-run relationship between the nominal price 
of gold and the USA retail price index, with an 
implied elasticity of one. The authors interpret this 
finding as gold being a long-run inflation hedge. 
Further, the authors conclude that short-run 
movements in the price of gold are driven 
primarily by changes in the gold lease rate, gold's 
beta and the USA/World exchange rate. Since 
movements in the nominal price of gold appear to 
be dominated by these short-run influences, it is 
concluded that the long-run relationship, 
although significant, is of much less importance. 
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Given that the gold market and the crude oil 
market are the main representatives of the large 
commodity markets, Zhang ct al. (2010) analyze 
their cointegration relationship, linear and non­
linear Granger causality and forecast the 
fluctua tion of crude oil and gold prices. The 
authors use daily da ta from January 4, 2000 to 
March 31, 2008, with a total of 2064 observations. 
fheir empirical analysis indica tes that there arc 
cons is tent trends between the crude oi l price and 
the gold price with significant posi ti ve correlation 
coefficient. Additionally, the ir results indicate a 
long-term equilibrium between the two markets. 
Further, it is observed that crude oil price change 
linearly Granger causes the volatility of gold price, 
though the reverse does not hold true. Moreover, 
the two market prices do not face a significa nt 
nonlinear Gra nger causality, which overall 
sugges ts thei r fairly direct interactive mechanism. 

The s tudy by Beckmann and Czudaj (2012) 
analyzes whether gold provides the ability of 
hedging against infla tion or not. The study 
cond uc ts a Markov-swi tching vector e rror 
correction model (MS-VECM) approach for a 
sample pe riod ranging from January 1970 to 
December 2011 using data from four major 
economies, viz the USA, the UK, the Euro Area, 
and Japan. They allow for nonlinearity and 
discriminate between long-run and time-varying 
short-run dynamics. The main findings of the 
study are: Firstly, gold is partially able to hedge 
future inflation in the long-run and this abi lity has 
been stronger for the USA and the UK, as 
compared to Japan and the Euro Area. Secondly, 
the adjus tment of the genera l price level is 
characterized by regime-dependence. Based upon 
their findings, the au thors suggest that the price 
for gold should be cons idered when aiming to 
appropriately forecast the inflation rate. 

Objective, Methodology and Empirical 
Findings 

Focusing on the recent increase in gold prices, the 
basic objective of the present s tudy is to predict 
changes in the price of gold and to examine the 
dynamic relationship that ex is ts between 
commodity prices such as gold, silver and oil; and 
macroeconomic variables such as inte rest rate, 
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exchange rate and performance of stock market as 
given by movements in the stock market index. 
Commodity prices and macroeconomic variables 
arc closely related. Each of them is expected to 
affect the demand and thereby the price of gold. 
Given that gold market and crude o il market arc 
the main representatives of large commod ity 
markets, it is of crucial practical significance to 
ana lyLe their relationship. Amongst the precious 
metals, s ilver remains a close substitu te as an 
investment alternative, and thus analyzing the 
relationship between s il ver and gold prices is 
important. Persisting lower/negative real interest 
rates is like ly to result in investors diverting their 
saving to gold, thereby influencing demand for 
gold. Since most of the gold requirements in India 
are met through imported gold, fluctuations in the 
exchange rates are likely to impact demand for 
gold. Returns on the stock market too arc expected 
to influence demand for gold as, in general, 
periods of low returns on the stock market divert 
savings and investments into gold. When stock 
prices fall, fina ncial advisors advise investors to 
maintain a position in gold. Conversely during 
boom times, gold investments often decrease in 
value. While theoretica lly, these rela tionships 
seem simple and straightforward, in reality the 
interconnection between the variables remains 
complex. Since these macroeconomic va riables 
w itness changes over time, it is necessary to 
validate these re lationships periodically. 
Therefore, in this paper we a ttempt to test the 
dynamic relationship that exis ts between these 
variables. 

Methodology, Variables and Data Sources 
To test the dynamic relationship, Vector Auto­
regressive Modeling has been adopted and 
standard VAR summary statis tics such as Granger 
causality tests, impulse response functions, and 
variance decompositions are analyzed to study 
co-movements between the variables. The paper 
uses monthly data over the period April 2005 to 
December 2013, constituting 105 observations '. 
Table Al presents the descriptive s tatistics of the 
data in te rms of levels and also in terms of 
percentage change. 

The six va riables selected for the s tudy arc briefly 
dcscri bed as: 
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Gold Price (GOLD): Gold price is the monthly 
average price of gold (INR per 10 grams) at 
Mumbai. It is sourced from Handbook of Statistics 
on Indian Economy2. 

Oil Price (OIL): Oil price is the crude oil price (US 
dollar per barrel) of Indian Basket. Indian Basket 
of crude oil price is declared by the Indian Oil 
Corporation Limited3

• It is sourced from the 
Indian Oil Corporation Limited'. 

Silver Price (SIL VER): Silver price is the monthly 
average price of silver (INR per kilogram) at 
Mumbai. It is sourced from Handbook of Statistics 
on Indian Economy'. 

Interest Rate (INTI): The interest rate considered 
here is the monthly average of Mumbai Inter-Bank 
Offer Rate (MIBOR) on a one month basis. Since 
changes in rate of interest induce an investor to 
make portfolio adjustments, the same has been 
incorporated in the model. It is sourced from the 
National Stock Exchange of India'. 

Stock Market Index (NIFTY): Stock market index 
is considered on the basis of monthly average of 
CNX NIFTY. The CNX Nifty is National Stock 
Exchange of India's benchmark index for Indian 
equity market. CNX Nifty has shaped up as the 
largest single financial product in India, with an 
ecosystem comprising of exchange traded funds 
(onshore and offshore), exchange-traded futures 
and options, other index funds and OTC 
derivatives (mostly offshore). Thus, CNX NIFTY 
is a well-diversified stock index, accounting for 
major sectors of the Indian economy. It is sourced 
from the National Stock Exchange of India7

• 

Exchange Rate (EXCHRATE): Exchange rate is 
the price of one country's currency expressed in 
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another country's currency. The exchange rate 
considered here is Reserve Bank of India's (RBI) 
reference rate on monthly average basis expressed 
in Indian Rupees (INR) per United States Dollar 
($). Since most of gold requirements in India are 
met through imported gold, the exchange rate is 
likely to have an important effect in influencing 
demand for gold. It is sourced from the Reserve 
Bank of India". 

In order to examine the relationship between gold 
price, oil price, silver price, interest rate, share 
market index, and exchange rate, the paper adopts 
the Vector Autoregressive (VAR) technique and 
Johansen's Cointegration test. In this model, all 
variables are assumed to be endogenous and each 
variable is explained by its lagged values and 
lagged values of other endogenous variables 
included in the system. In our study, there are no 
exogenous variables. 

In general, the mathematical formulation of a 
VAR Model can be represented by: 

where, 

Y t represents a k vector of endogenous variables, 

xt represents a d vector of exogenous variables, 

A 1 , ... , AP and B represents ma trices of coefficients 
that are to be estimated, and 

Et represents a vector of error terms. 

As stated, our study focuses on six variables each 
of them assumed to be endogenous. Specifically, 
the VAR model is represented by the following six 
equations: 

GOW1 = u 10 + Lj=ifl1j GOLD t - p + Lj=i ylj OIL 1 _ p + L~=I o1j SILVER 1 _ p + Lj=i 'llj INTT 1 _ p + 

Lj: ,oljNWrYl-p+ I~=1A1/XCIIRATEl - p+ (lt ... I 

011,t = a20 + Lj=, ~Zi GOLD 1 _ P + Lj=, r 2i 011. 1 _ r + Ij=, o2i SILVER 1 _ P + Lj=, 112i INTT t- r + 

I;=102iNIFTY 1 _ r+ I~=1>.2/XCIIRATE1 _ P+ 12t 2 
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.\II V/:1/c = u:!O + I ~-1 P3) c;ow l - r + I ~=I y lj Oil. t - r + I ~=I c)J J 'ill VFR t - p + I '.'- , 113) INTT t - p + 

2:~=, o3 i N1nv 1 _ P + I ~=, >.i
1 

rxrnRATJ·l P ... , :i i 

/Nile= a 10 + I'.'=, I\ (,O1.D l - p + 2::·= , y1j O11. l - p + I'.'c , o,,j SII.Vl· H t 

LP=, 01j Nll·TY t _ p + I \'= , t.
11 

EXCIIRATl. t _ p + , 1 t -I 

EXCHRATEt = a60 + Li:1 p61GOLDt- p + Lj:1 y 6JOIL t - p + Lja1 661S!LVER t - p + Lja11161 INTI t - p + 

L~.,a61 NIFTY 1 _P+ L~.,\1EXCHRATE 1 _P + t 61 . ... 6 

Where, GOLD, OIL, SILVER, INTI, NIFTY, and 
EXCHRATE represent gold price, oil price, sih·cr 
price, interest rate, stock market index, and 
exchange rate respectively; p represents lag 
length; and€ (i = 1 to 6) represents the white noise 
errors. 

Stationarity of Variables: For the VAR estimation 
all the variables included in the model should be 
stationary. A stationary time series is significant to 
a regression analysis since analyzing useful 
characteristics are difficult in a non-stationary 
time series. However, most economic time series 
are non-stationary in practice. Therefore, the first 
step in time series modelling is to check each 
relevant series for stationarity. A time series is said 
to be stationary if its mean and variance are 
constant and, the covariances depend on the 
distance of two time periods (i.e. the auto 
covariance function between Xt, and Xt, depends 
only on the interval t ' and t_.). Tests for stationarity 
check whether one can reject the null hypothesis 
of unit roots. The Dicky-Fuller unit root test (DF), 

augmented Dicky-Fuller unit root test (ADF) 
(Dicky and Fuller, 1979) and the Phillips-Perron 
unit root test (PP) (Phillips .ind Perron, 1988) arc 
often used to test for stationarity. 

The results of stationarity based on Augmented 
Dickey-Fuller Test arc reported in Table 2. 
Analysis of the table clearly indicates that the 
series is non-stationary at level, while the same 
becomes stationary when the variables arc 
converted into their first difference . Since the 
variables are non-stationary at level, cointegration 
may exist among the variables used in the model. 
Thus, as a next step, we test for cointegration. 
Specifically, Johansen's test of cointegration is 
estimated to check whether long term equilibrium 
relation exists between the variables under study 
or not. The test is based on trace test statistic. The 
result of Johansen cointegration test shows that no 
or very weak cointegration exists among 
variables. The resu lts arc placed in anncxure as 
TablcA2. 

Table 2: Augmented Dickey-Fuller Test 

Lag length Exogenous t-statistic p-value* 

Data in level 

GOLD 0 C -0.18330 0.9360 

OIL 1 C -2.61516 0.0932 

SILVER 0 C -1.16203 0.6885 

INTI 1 C -2.-11378 0.1405 

NIFTY 1 C -2.08202 0.2524 
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EXCHRATE 1 C -0.38521 0.9066 

Data in % cl1n11J?e 

PC GOLD 0 C -10.09064 0.0000 

PC OIL 0 C -6.23947 0.0000 

PC .SILVER 1 C -7.44842 0.0000 

PC INTI 0 C -7.60398 0.0000 

PC NIFTY 0 C -7.38598 0.0000 

PC_EXCHRATE 0 C -7.16744 0.0000 

Note:* represents MncKinnon (1996) one-sided /H•nlues. 

Selection of optimal lag: An important aspect of 
VAR model ic; to select the optimal lag length. 
While too short a lag length may not capture the 
dynamic behavior of the variables (Chen and 
Patel, 1998), too long a lag length is likely to distort 

• the data and lead to a decrease in the power of the 
model (Dejong et al., 1992). In this study, 
following five criteria for choosing the optimal lag 
length have been ad poted: 

• LR: Sequential modified LR test statistics 
• FPE: Final Prediction Error 

• AIC: Akaike information criterion 
• SC: Schwarz criterion, and 
• HQ: Hannan-Quinn information criterion 

The results of lag length selection by different 
criteria arc placed in Table 3. Of the five criteria, 
three of the criteria propose an optimal lag length 
of 2 periods, whi le the remaining two propose an 
optimal lag length of 1 period. For the purpose of 
our study, we have considered a lag length of 2 to 
be appropriate and optimal. 

Table 3: Lag Length Selection by Different Criteria 

lag LogL IR l'l'F AIC c.,c IIQ 

() -3516.92 NA 2.14F+24 73.0499 71.20916 71.1141 

I -2811.789 1108.49 2.18E+18 59.25339 60.36821* 59.70417* 

2 -2786.815 77.89318* l.8'.k+18' 59.068W 61 1~74 59.90552 

1 -2756.342 49 00871 2.09[+ 18 59.18231 62.20825 o0.40585 

4 -2724 65-1 47 ().1201 2381+18 59.27121 6325272 b0.88114 

5 -2687.423 50.66429 2.491'+ 18 59.24584 64.18291 hl.24215 

6 -26-16.953 50.06603 2.52[+18 59.15167 65.04631 bl 53617 

7 -2619.617 10.43561 1.51f'+18 59.:n212 66.18052 62.1014 

8 -2581.81 17.41745 4 19F+18 59.29506 67.09882 62.45052 

Note: * indicates Ing order selected by t/1e criterion; LR: sequential modified LR test 
statistic (each test at 5% level); FPE: Finni prediction error; ATC: Akaike informntion 
criterion; SC: Schwarz infor111ntion criterion; HQ: Hn11nnn-Q11i1111 information criterio11. 

Ordering of the variables: Ordering of variables 
remains critical in estimation of VAR models. 
Idea lly, theory should suggest an ordering, i.e. 
movements in some variables are likely to follow, 
rather than precede others. It is a lso worth noting 
that the more highly correlated the residuals are 
from an estimated equation, the more the variable 

ordering will be important. But when the 
residuals are almost uncorrelated, the ordering of 
the variables will make little difference. Proper 
ordering shows that current innovations in the 
variable that is placed first, affects the rest of the 
variables. At the same time, the current 
innovations in variables placed towards the end 
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are not expected to affect the variables in the 
beginning of the order. The study selected the 
ordering of the variables by conducting pair-wise 
Granger causality tests with the optimal lag length 
(i.e., 2) selected by the criteria. The result of pair­
wise Granger causality is placed in Table 4. The 
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following order was selected for this study after 
con'iidcring multiple overlapping results from 
pair wise Granger causality. 

Order of study: GOLD, OIL, SILVER, INTI, 
NIFTY, EXCHRATE 

Table 4: Pair-wise Granger Causality Tests 

Null Hypothesis F-Statistic Probability 

EXCHRATE docs not Granger Cause INTI 0.21129 0.8099 

INTI does not Granger Cause OIL 0.22076 0.8023 

GOLD does not Granger Cause INTI 0.37501 0.6883 

SILVER does not Granger Cause GOLD 0.46397 0.6302 

OIL does not Granger Cause GOLD 0.49026 0.6140 

SILVER does not Granger Cause NIFTY 0.49740 0.6096 

EXCHRATE does not Granger Cause GOLD 0.53-196 0.5874 

INTI does not Granger Cause GOLD 0.58673 0.5581 

EXCHRATE does not Granger Cause OIL 0.68544 0.5063 

NIFTY does not Granger Cause SILVER 0.77168 0.4650 

NIFTY does not Granger Cause GOLD 0.79174 0.4559 

EXCHRATE does not Granger Cause SILVER 0.80390 0.4505 

GOLD does not Granger Cause SILVER 0.83586 0.4366 

SILVER does not Granger Cause INTI 1.19825 0.3061 

NIFTY does not Granger Cause EXCHRATE 1.23500 0.2953 

INTI does not Granger Cause NIFTY 1.24314 0.2930 

OIL does not Granger Cause NlFTY 1.24812 0.2916 

INTI does not Granger Cause SILVER 1.59603 0.2079 

GOLD does not Granger Cause NIFTY 1.72424 0.1837 

GOLD does not Granger Cause EXCHRATE 2.15888 0.1209 

OIL does not Granger Cause SILVER 2.34932 0.1008 

INTI does not Granger Cause EXCHRATE 2.52974 0.0849*** 

SIL VER does not Granger Cause EXCHRATE 2.86450 0.0618*** 

NIFTY docs not Granger Cause INTI 2.88278 0.0607*** 

EXCHRATE does not Granger Cause NIFTY 2.99216 0.0548*** 

GOLD does not Granger Cause OIL 3.72619 0.0276** 

NIFTY does not Granger Cause OIL 4.26121 0.0168** 
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OIL does not Granger Cause EXCHRA TE 4.66856 0.0116** 

SIL VER does not Granger Cause OIL 5.05843 0.0081 * 

OIL does not Granger Cause INTT 5.42144 0.0058* 

(Note: *, **, *** represents 1 %, 5%, 10% siKnificnnce levels respectively.) I 
Estimation of VAR 

Because V ARs involve current and lagged values 
of multiple time series, they capture co­
movements that cannot be detected in univariate 
or bivariate models. Standard VAR summary 
statistics such as Granger causality tests, impulse 
response functions, and variance decompositions 
are well accepted and widely used methods for 
portraying these co-movements. These summary 
statistics are useful because they provide targets 
for theoretical macroeconomic models. Further, 
since coefficients obtained from the estimation of 
the VAR model are not interpreted directly, 
interpretation of VAR statistics such as Granger 
causality tests, impulse response functions, and 
variance decompositions are often more useful. 
Block F-tests and an examination of causality in a 
VAR will suggest which of the variables in the 
model have statistically significant impacts on the 
future values of each of the variables in the system. 
But F-test results, by construction, will not be able 
to explain the sign of the relationship or how long 
these effects require to take place. That is, F-test 
results will not reveal whether changes in the 
value of a given variable have a positive or 
negative effect on other variables in the system, or 
how long it would take for the effect of that 
variable to work through the system. Such 
information will, however, be given by an 
examination of the VAR's impulse responses and 
variance decompositions. 

Impulse responses trace out the responsiveness of 
the dependent variables in the VAR to shocks or 
innovations to each of the variables. So, for each 
variable from each equation separately, a unit 
shock is applied to the error, and the effects upon 
the VAR system over time are noted. Provided 
that the system is stable; the shock gradually dies 
away. Impulse Response Functions (IRFs) are 
used to trace out the dynamic interaction among 
variables. In other words, it focuses more on the 

increase or decrease in trend rather than the actual 
value of the variable. On the other hand, variance 
decompositions offer a slightly different method 
for examining VAR system dynamics. They give 
the proportion of the movements in the 
dependent variables that are due to their 'own' 
shocks, versus shocks to the other variables. A 
shock to the ith variable will directly affect that 
variable offcourse, but it will also be transmitted 
to all of the other variables in the system through 
the dynamic structure of the VAR. Variance 
decompositions determine how much of the s­
step-ahead forecast error variance of a given 
variable is explained by innovations to each 
explanatory variable for s == 1, 2, ... In practice, it is 
usually observed that own series shocks explain 
most of the (forecast) error variance of the series in 
a VAR. Thus variance decomposition is used to 
detect the causal relationships among the 
variables, and shows the extent to which a 
variable is explained by the innovations or shocks 
in all the variables in the system. 

Impulse response function: The impulse 
responses estimated in our study show the 
response to one standard deviation shock in the 
error terms of other variables. The X axis 
represents the time period, while the Y axis 
represents the shock in the movement trend. It is 
pertinent to keep in mind that an upward 
direction of the IRF does not mean an increase in 
variable. Rather, it signifies that the 'increase in 
trend' is strengthened. Based on the impulse 
response functions shown in Figure 5(a and b), 
few observations are listed: 
• A positive shock to oil price has a 

favourable effect on gold price until the 2nd 
month. Thereafter, its response becomes 
adverse and remains so until the end of the 
4th month. Similar trends are observed 
when innovations are given to silver price. 
A positive shock to Nifty has no impact on 
the IRF of gold until the first month and a 
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half. However, soon thereafter, the impact 
becomes highly pronounced in the upward 
direction though it dissipates equally fast to 
become zero by the end of the fourth period. 
A positive shock to exchange rate initially 
has an adverse impact on gold price, though 
by the beginning of the 2nd month, gold 

prices begin to respond favourably to a one 
standard deviation shock in exchange rate. 
Lastly, a positive shock to gold price has a 
large favourable effect on its own price. The 
favorable effect remains strong for the 
initial month. However, within a month 
and a half the impact dissipates. 

Figure Sa: Impulse Response Functions-Response of GOLD to 
Gold, Oil, Silver, Interest, Nifty and Exchange Rate 

Response of PC_ GOLD to PC_ GOLD Response of PC_ GOLO to PC_ OIL Response of PC_GOLD to PC_SILVER 

-1 -1 

-2 +-----r---~----.------t ·2 +----..----.------.-----1 ·2 +----,----.------.------.1 

Response of PC_ GOLD to PC _INTT Response of PC_GOLD to PC_NIFTY Response of PC GOLD to PC_EXCHRATE 

-1 -1 

·2----..-----.------.----, -2 ----,----.------.----,, 

Figure 8b: Impulse Response Functions-Response of 
Oil, Silver, Interest, Nifty and Exchange Rate to GOLD 
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Analysis of the variance decomposition of NIFTY 
shows that apart from its own shock contribution 
of 75% in the l st year period, oil price changes 
account for the largest share of shock to NIFTY, 
amounting to about 15% in the 1st year period and 
stagnating at around 16°'0 thereafter. Further, 
innovations in NIFTY explain less than 2'\, 
variations in price of gold in the 1st period. 
Though increasing, this remains less than 5% by 
the end of 4th period. 

Interestingly, innovations in silver explain more 
than 52'\, variations in price of gold in the 1st year 
and stabiliLe to around 43°4, in the next 3 periods 
under study. In fact, shocks in silver prices explain 
variations in gold prices more than it explains 
variations in own shock contribution. Further, 
innovations in silver prices explain between 11 °lo 
and 14'!'o variations in price of oil between the 1st 
and 4th period. 

The variance decomposition of exchange rate is 
significantly explained by itself (56''.,), followed 
by price of oil (14.5%), NIFTY (11 °o), and price of 
gold (9.3%) in the 4th period. Price of silver and 
interest rate together contribute less than 10°0 to 
the variance decomposition. 

For the oil price variance decomposition, apart 
from its own shock, which amounts to about 
97. 7°4, in the first period and 91 '\, in the 4th period, 
no other source of shock is large. The next largest 
is close to 2.5% and this is for innovations in 
interest and NIFTY. The contribution of shocks in 
silver and exchange rate to oil price changes 
remain less than 1 '\, until the 4th period. 

The variance decomposition analysis of interest 
rates shows that apart from the contribution of its 
own shock, which accounts for the largest portion 
of the shocks throughout the 4 year period under 
consideration (from as high as 96.8% in the 1st 
period to a gradual decline to 84.3% in the 4th 
period), it is also observed that NIFTY (4.9°0), 
followed by gold and sih er (3.9°0 and 3.8'\, 
respectively) account for a significant part of the 
variance. Meanwhile, the other variable which 
also picks up a small part of the variance is oil 
(2.8%). Incidentally, the contribution of the 
exchange rate to the variance in interest rates in 
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the model is rather small and remains negligible 
over the period of study at less than 0.15%. 

Conclusion and Policy Recommendations 

Gold as an asset has a hybrid nature: not only is it 
used as a commodity in many industries, but 
historically it has been a medium of exchange and 
acted as a store of value, which makes it akin to 
money. For its unique properties, demand for 
gold has remained high and recent years have 
witnessed a sharp surge in its price; both globally 
and domesticallv. 

Focusing on the recent increase in gold prices, the 
basic objective of the paper has been to predict 
changes in the price of gold and to examine the 
dynamic relationship between commodity prices 
such as gold, silver and oil; and macroeconomic 
variables such as interest rate, exchange rate and 
performance of stock market. Adopting Vector 
Autoregressive Modeling, standard VAR 
summary statistics such as Cranger causality 
tests, impulse response functions, and variance 
decompositions are analyzed to study co­
movements between variables. Monthly data 
from April 2005 to December 2013 forms the 
sample period of our study. Primarily the 
following con cl us ions emerge: 
• Stationarity tests estimate the series to be 

non-stationary at level, and stationary at 
first difference. 

• 

• 

Johansen's cointegration test suggests a 
weak long-term relationship between 
variables analyzed in the study. 
The gold price variance decomposition 
analysis reveals that the largest share of 
shock to price of gold is significantly 
explained by its own variance, which 
accounts for 100 °10 in the 1st year period and 
about 90'~o in the 4th period. Shocks in other 
variables explain a very small variance in 
the price of gold. Specifically, shocks in the 
stock market index account for about 3.5% 
of the variance. Prices of oil and silver 
explain a little over 2'Yo of the variance in the 
price of gold. Meanwhile, the contributions 
of exchange rate shocks remain at less than 
half a per cent through the 4 period 
forecasting. 
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• 

Over time, there is an increasing trend of the 
contributions of all variables (other than 
price of gold) in explaining variance in the 
price of gold . 
Based on the impulse response functions we 
cone I ude the following: 
• A positive shock to oil price has a 

favourable effect on gold price 
initially, i.e. until the 2nd month. 
fhereafter, its res ponse becomes 
adverse and remains so until the end of 
the 4th month. Similar trends are 
observed when innova tions are g iven 
to si lver price. 

• Initia lly, a positive shock to Nifty has 
no impact on the impulse response 
functions of gold, thoug h by the 
middle of the second month the impact 
becomes highly pronounced in the 
upward direction. However, it 
dissipates equally fast and becomes 
zero by the end of the fourth period. 

• A positive shock to exchange rate 
initially has an adverse impact on gold 
price, though by the beginning of the 
2nd month, gold prices begin to 
respond favourably to shocks in 
exchange rate. 

Despite an increase in gold price, demand for gold 
in India has remained high. Gold demand in India 
has several drivers. Largely, demand is driven by 
cu ltural factors, tax evasion and the need to 
acquire a safe and liquid instrument. Further, 
rising inflation has made purchase of gold more of 
an inves tm e nt decision, rather than a 
consumption decision. Despite price rise, it is 
arguable that there are some limits beyond which 
the consumption of gold is not like ly to be 
substituted by other forms of consumption. Also, 
[ndians tend to accumulate gold over a period of 
time, thereby giving them considerable scope to 
vary the rate of purchase as the prices fluctuate. In 
addition, rising incomes have resulted in 
enhanced purcha'-ies of gold . Specifica lly, it is 
estimated that for every 1 per cent increase in 
income, gold consumption increases by 1.5 per 
cent (implying high income elasticity) . With a 
combination of price ine lasticity and income 
elasticity, curbing gold imports through duty 
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hikes remains questionable. In order to curtail the 
g rowing demand for gold, it is prudent to design 
innovative financial instruments that provide 
high real returns, such as products analogous to 
inflation indexed bonds. 'Purchase transactions' 
in gold-backed financial products to reduce 
demand for physical gold also need to be 
encouraged. Additionally, few supply re lated 
measures could also be adopted , such as, recycling 
of domestic gold, and introducing tax incentives 
on instruments which utilize idle gold. 

End Notes 

'Where required, missing data have been 
interpolated /extrapo lated using linear 
regressions. 

http://rbidocs.rbi.org. in/ rdocs/ l'ubl ica tions/ 
DOCs/171T BST130913.xls 

It may be mentioned that most of oil requirements 
in India are met through imports. 

'h ttps:/ / iocl.com/ Products/ CrudeOi I Prices 
.aspx 

http:// rbid.ocs. rbi .org.in/ rdocs/ Pu bl ica lions/ 
DOCs/ 171 T _BST130913.xls 

' http: //www. n se1 nd ia .com/ con tent/ debt/ 
I month.zip 

http: //www.nseindia.com/ products/ content/ 
equ ities/indices/ historical index_data 

' http://www.rbi.org.in/ scripts/ Reference Rate 
Archive.aspx 
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Annexures 

Table Al: Descriptive Statistics 

Descriptive Statistics 

In level GOLD OIL STLVER /NIT NIFTY [XCHRATE 

Mean 17327.71 83.90333 32487.86 7.6 4587.728 47.5623 

Median 15232.2 78.02 25608.48 8 .04 4966.507 45.963 

Maximum 31672.83 132.47 65269.35 11.73 6246.869 63.75214 

Minimum 6030.38 40.61 10639.81 3.71 1987.095 39.37478 

Std. Dev. 8363.879 23.76445 16994.04 1.958454 1169.622 5.631074 

Skewness 0.386836 0.051291 0.495024 -0.358348 -0.606578 1.018024 

Kurtosis 1.703612 1.732861 1.691739 2.382821 2.195192 3.663148 

Jarque-Bera 9.97145 7.070716 11.77637 3.913715 9.272653 20.0605 

Probability 0.006835 0.029148 0.002772 0.141302 0.009693 0.000044 

Observations 105 105 105 105 105 105 

In % clian~e PC_GOLD PC_OJL PC_SILVER PC_INIT PC_NIFTY PC_ EXCHRATE 

Mean 1.520627 0.757902 1.368548 0.462378 1.101353 0.334035 

Median 1.244253 2.05032 1.396473 0.951283 2.19708 0.10518 

Maximum 13.42285 17.54011 28.67922 26.57772 18.14595 6.537395 

Minimum -10.76514 -33.69062 -19.32796 -22.60891 -27.03348 -4.350942 

Std. Dev. 4.186503 8.263031 7.1388 8.570368 6.405383 2.22686 

Skewness 0.065558 -1.499642 0.291207 -0.3192 -0.902066 0.54942 

Kurtosis 3.670499 6.825917 4.739681 4.066037 6.31264 3.564013 

Jarque-Bera 2.02263 102.4112 14.58468 6.690616 61.65673 6.61076 

Probability 0.36374 0 0.000681 0.035249 0 0.036685 

Observations 104 104 104 104 104 104 
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Table A2: Johansen's Co-integration Test 

Eigen va lue N ull Hypothes is Trace Statistic Critical va lue (5''.,) 
With linea r de terministic 0.319782 r=0 90.17960 95.75366 

trend in da ta 0.224783 r<·l 50.87470 69.81889 

0.139936 r<2 24.90426 47.85613 

0.058628 r<3 9.527930 29.79707 

0.025733 r<4 3.365382 15..19471 

0.006900 r<5 0.706271 3.841466 

No determinis tic 0.306016 r=0 90.94598* 83.93712 

trend in da ta 0.218706 r<l 53.68468 60.06141 

0.130037 r<2 28.51074 40.17493 

0.075793 r<3 14.30169 24.27596 

0.040132 r<4 6.262088 12.32090 

0.020226 r<5 2.0841 89 4.129906 

Note: Trace te~t i11dicates 110 coi11 tcgratio11 under linenr dcter111inistic trend, nnd 1 cointegrnting eq11nt/tln 

1111der 110 dctenninis tic trend; nnd * denotes rejection of the h11pothesis nt the 0.05 /cue/. 
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Figure Al: Impulse Response Functions 
Response to ™esky01e S.D. lnnollltions t 2 SE 
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