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Executive summary

In 1833 the price of gold was $20.65 per ounce, about $415 in 2005 terms, while in
2005 the actual price of gold was $445 - a very small change in the real price of gold
over a period of one hundred and seventy two years. Despite this apparent constancy in
real terms over the long run, it is also true that, outside of periods when the gold price
was fixed through various iterations of the gold standard, it has fluctuated significantly in
the shorter term, sometimes for years at a time. Can these two apparently contradictory
realities be reconciled? And can one be sure that the long run positive relationship
between gold and inflation has persisted beyond the era of Bretton Woods? Indeed, is
there any credence to the claim that gold can be used as a long-run hedge against
inflation? The results reported in this paper provide some answers to these questions
that are so central to the gold market and its many participants around the world.

We also address the inflation hedging properties of gold in the currencies of the major
gold-consuming countries outside of the USA, taking into account both the domestic
exchange rate relative to the dollar and domestic consumer price index movements.
Real gold prices denominated in the home currency of investors outside of the USA also
deviate in the short-run from their home country inflation hedge price and there is also a
long-run tendency for gold prices to revert to the long-run hedge price. The major gold
consuming countries outside of the USA, that is, India, China, Turkey, Saudi Arabia and
Indonesia were rational to purchase gold in that it proved more than adequate as an
inflation hedge. For these countries the actual USA dollar gold price between 1976 and
2005 far exceeded the dollar gold price required to provide an inflation hedge after
taking account of exchange rates between the US dollar and the home country and the
home country consumer price index movements.

Study framework

To answer the questions set out above, we develop a theoretical framework based on
the simple economics of “supply and demand” that is consistent with the view that gold
is an inflation hedge in the long-run, yet at the same time allows the price of gold to
fluctuate considerably in the short run. In this model, the total supply of gold is a
function of the price of gold, the gold lease rate, convenience yield, and the default risk
premium. The short-run demand for gold is modelled as a function of the price of gold,
the US dollar/world exchange rate, the gold lease rate, gold’s beta, US inflation, US
inflation volatility, credit risk and political uncertainty.

In theory, short-run fluctuations in the gold price are expected to be caused by political and
financial turmoil as well as changes in exchange rates, real interest rates and the beta for gold.

We use cointegration techniques to analyse data from January 1976 to August 2005 to
test the hypothesis that short-run movements in the gold price are indeed related to
these factors, while the long-run price of gold moves with the general price level
(consumer price index) to act as a hedge against inflation. The estimation model
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hypothesises that the price of gold is determined by general price levels in the US and
internationally, US and world inflation, US and world inflation volatility, world income, the
US-world exchange rate, the gold lease rate, alternative investment opportunities, credit
risk and time-specific uncertainty caused by political and/or financial risk.

Main findings

Three main findings emerge with respect to the analysis of the long-run determinants of
the price of gold. First, there is a long-term relationship between the price of gold and
the US price level. Second, the US price level and the price of gold move together in a
statistically significant long-run relationship supporting the view that a one percent
increase in the general US price level leads to a one percent increase in the price of gold.
This evidence substantiates the belief that gold is a long-term hedge against inflation.
Third, in the wake of a shock that causes a deviation from this long-term relationship,
there is a slow reversion back towards it. The estimate of the error correction term is -
0.019, which implies that each month’s error is about 2 per cent smaller than the
previous month. In effect, this means that, in the aftermath of a shock, it typically takes
around five years to eliminate two-thirds of the deviation from the long-term relationship
between the price of gold and the US price level.

Short-run relationships between the following explanatory variables and changes in the
gold price were found to be statistically significant. There was a positive relationship
between gold price movements and changes in US inflation, US inflation volatility and
credit risk. We found a negative relationship between changes in the gold price and
changes in the US dollar trade-weighted exchange rate and the gold lease rate. The
significant negative parameter on the “error correction mechanism” reflects the slow
return of the gold price to its long-run relationship. These findings are in accordance
with the theoretical framework put forward. However, on the basis of the empirical
analysis, there was no significant relationship between changes in the price of gold and
changes in world inflation, world inflation volatility, world income, and gold’s beta.

These results are consistent with the widely held belief that there is a long-term one-for-
one relationship between the price of gold and the general price level in the US. More
specifically, a one per cent rise in US inflation raises the long-term price of gold by an
estimated one per cent. A one percent increase in the long-term price of gold for a one
percent rise in the general US price level lies within the 95 percent confidence interval.
However, there are short-run deviations from the long-run relationship between the price
of gold caused by short-run changes in the US inflation rate, inflation volatility, credit risk,
the US dollar trade-weighted exchange rate and the gold lease rate. There is a slow
reversion towards the long-term relationship following a shock that causes a deviation
from this long-term relationship. It takes about five years for two-thirds of the long-term
relationship between the price of gold and the general price level to be restored
following any shock that causes a deviation in this long-term.

A major unresolved issue concerns gold as a long-run inflation hedge for countries other
than the US. If the price of gold is quoted in US dollars and gold is an inflation hedge for
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the US, holding gold is profitable for investors domiciled in countries whose currencies
depreciate against the US dollar more than required to compensate for the difference
between the country’s and US inflation rate. It is surely no coincidence that the major
gold consuming countries appear to be over-represented among countries that profited
from holding gold because their currency depreciation against the US dollar exceeded
that required to compensate for the inflation rate differences between the two
countries. This relationship has not been rigorously examined in our analysis and a
deeper investigation is warranted.

Policy implications

Finally, we turn to the policy implications of this analysis for potential investors in gold.
One important implication concerns a likely US dollar depreciation required to restore
balance to the US current account. There appears to be a consensus that US dollar
depreciation is inevitable — the only issue being when it will occur and whether the
adjustment path will be smooth or disorderly. Jarrett (2005) lists fourteen estimates of
the dollar depreciation that would be needed to restore the imbalance in the US current
account deficit. These estimates range between 12 per cent and 90 per cent. If gold is a
long-run hedge against inflation, and if it is true that real dollar depreciation against
other currencies is inevitable, US wealth holders should profit from holding gold during
this period for two reasons.

The first reason is that the dollar depreciation will lower the price of gold to investors
outside of the USA, and this will raise their demand for gold and raise the US dollar price
of gold. That is in addition to the long-run relationship between the US price level and
the price of gold. The second reason is that dollar depreciation will likely to raise US
inflation rates, and gold would act as an inflation hedge during this period.
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1. Introduction

In December 2005 the price of gold broke through the US$500 per ounce barrier for the
first time since 1981. This price increase continued, reaching $548 by mid-January 2006.
In April 2001, the price of gold was at a low of $260 (monthly average). Taking this date
as a benchmark, the price of gold has effectively doubled in five years. Although this
increase has without doubt been impressive, it was preceded by a long decline from an
all-time monthly-average peak of $674 in September 1980.

From an economic and financial point of view, movements in the price of gold are both
interesting and important. It is often argued that investment in gold is historically
associated with fears about rising inflation and/or political risk. However, financial markets
do not currently show the classic symptoms associated with such fears. US bond markets
reveal long interest rates at a 35-year low below 5 per cent, while annual US inflation is
around 3 per cent. The answer to this apparent paradox may lie in the extent to which
the USA is in debt. Over the last three years, the cumulative trade deficit exceeded $1.8
trillion, while the current-account deficit reached $2 trillion. Last year the US current-
account deficit reached 6.4 percent of GDP. There is good reason to think that this could
result in a further major depreciation of the dollar (see box).

Dollar Depreciation

The US current account measures foreign trade including investment flows and
foreign aid as well as sales of goods and services. The current account deficit is
financed by convincing foreigners to hold more dollars which they invest in US
stocks, bonds and US Treasury securities. To date, the USA has succeeded in
attracting these investments. However, if foreigners were to reduce their
purchases of dollar-denominated investments, the dollar could depreciate sharply
in value against other currencies, reducing US stock prices and likely causing
interest rates to rise and house prices to fall. This in turn could launch the US
economy into a serious economic downturn.

There s a growing consensus amongst economists that depreciation in the
international value of the US dollar is likely. The main factor behind this is the
large increase in China’s foreign currency reserves, which increased by 34 per
cent in 2005 to a record high of $818.9 billion. China’s dollar reserves have
swollen in recent years as the Chinese Central Bank purchased most of the dollars
generated by foreign trade and inward investment. China’s trade surplus with the
rest of world has more than tripled to $102 billion in 2005, up from $32 billion in
2004. Beijing re-valued the Yuan in 2005 for the first time in a decade, allowing it
to appreciate slowly against the dollar within a narrow trading band. In early
January 2006 it rose to a new strength of 8.06 to the dollar.
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A recent OECD report (Jarret, 2005) gives five reasons for expecting the US
current account deficit to continue to worsen, which will cause the dollar to
weaken. First, imports are nearly half again as large as exports. Therefore the
dollar value of the balance will grow unless export growth exceeds import growth
by the same fraction. Second, United States growth in imports will exceed its
growth of exports if its economy continues to expand faster than its trading
partners. Third, the investment income balance is likely to deteriorate over time in
view of the spread of returns between those earned by US residents on their
investments and the average yield on foreign investments in the United States.

Fourth, the comparatively slow speed of ageing in the United States is expected to
have a fairly sharp negative effect on the current account over the next couple of
decades. Finally, most policies designed to achieve a substantial improvement in
the balance entail second-round effects that tend to offset the initial helpful shock.
For example, dollar depreciation raises costs and prices, which decreases
competitiveness and eats away at the improvement in the trade balance.

There is debate as to whether the situation can be defused without some sort of
abrupt reversal/crisis but whatever the adjustment path it is widely agreed that
adjustment will entail some degree of dollar depreciation. The estimated
depreciation that may be required ranges from a modest decline to as much as 90
per cent. In this Report we do not enter the debate as to whether the resolution of
the current account US deficit will involve a soft or hard landing. It is sufficient for
our purpose to emphasise that the adjustment is expected to require a significant
degree of dollar depreciation, which will likely have a sizeable impact on prices of a
wide range of financial assets, including gold.

The perceived long-term sustainability of the Euro is likewise in doubt. The credibility of
the Euro has been damaged by the failure to agree a European Constitution that could
provide a formal ownership of the currency. France and Germany have for the last four
years breached the growth and stability pact rule that requires government budget
deficits to be not more than 3 per cent of CDP. Under these circumstances gold
represents a more credible means of preserving wealth compared with the alternative of
holding US dollar denominated assets. Unlike paper money, turning on the minting
presses cannot increase the supply of gold.

The current uncertainty over the dollar raises the profile of the traditional view that gold
provides an effective “hedge” against inflation and other forms of uncertainty. However,
the reality is that although gold may be an inflation hedge in the long-run, there is
significant evidence of short-run price volatility (Aggarwal, 1992. Figure 1 shows the
actual price of gold and the inflation hedge price in the period 1833 to 2005 (annual
averages). The inflation hedge price is the dollar price that gold would have to be in
order to maintain its 1833 purchasing power as measured by the US consumer price
index. In 1833 the price of gold was $20.65 per ounce, about $415 in 2005 dollars, while
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in 2005 the actual price of gold was $445 - a very small change in the real price of gold
over a period of one hundred and seventy two years. Fitting a trend line indicates that
the real price of gold increased on average by only about 0.04 per cent per year in this
one hundred and seventy two year period. For the period 1833 to 2005, the price
elasticity of gold with respect to the US Consumer Price Index (CPI) is + 0.9, which is not
that different to “1”. When viewed against this nearly two century time frame, long-run
investment in gold appears to be a very effective long-run inflation hedge in the United
States. Harmston (1998) has demonstrated that this is also the case in the UK, France,
Germany and Japan.

Figure 1: US Dollar Price of Gold Required for Gold to be an Inflation Hedge
in the United States, 1835-2005
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Figure 1 also reveals that over the last few decades, however, gold has not always been a
reliable hedge against inflation. It seems to be the case that there is mean reversion
towards a long run price of gold that causes the return to holding gold to be sensitive to
the choice of the start date. Investors who bought gold in the 1960’s or early 1970s
when gold was below fair value would have gained relative to inflation, but investors
purchasing gold in periods when gold was above fair value would have lost relative to
inflation. For example, the nominal price of gold was $384 in January 1982, $283 in
December 1999 and $510 in December 2005. The price of gold would need to have
risen to $685 by December 1999 and $803 in December 2005 in order to be an
effective inflation hedge. In other words, the real wealth of an investor in the USA buying
gold in January 1982 and holding it to December 1999 would have fallen to 41 per cent
of the value of the initial investment—a loss of 59 per cent in real terms. If the investor
held the gold until December 2005 the real wealth of the investor would have fallen to
64 per cent of the initial investment—a loss of 36 per cent in real value. The timing
problems would be facilitated if the long run price of gold and the short-run factors that
cause deviation from this fair value price could be identified.

10 Short-run and Long-run Determinants of the Price of Gold



It is important to note that exchange rates between the US dollar and currencies of
different countries fluctuate over time and inflation rates vary both between countries
and over time. This, of course, is important since gold is denominated in US dollars.
Therefore Figure 1 does not indicate whether or not gold acts an inflation hedge for
countries other than the USA.

Before turning to examining the relationship between the price of gold and inflation
in countries other than the USA, it is worth noting that the analysis presented below,
which aims to understand the determinants of the price of gold, is heavily influenced by
the economist’s notion of “supply and demand”. Therefore, it makes some sense to
consider countries that are important in the production and consumption of gold. Table
1 shows the “top-20” gold producing countries while Table 2 shows the “top-20” gold
consuming countries on the basis of end-use gold jewellery sales (Cold Survey 2006,
CFMS Ltd.). Institutional investment demand, which can only be partly measured (and
is not allocated by country) has also likely been an important influence on the price
of gold.

Table 1: Top-20 Table 2: Top-20

Gold Producing Countries, 2005 Gold Consuming Countries, 2005
Rank | Country Production Rank | Country Jewellery

in Tonnes Consumption
1 South Africa 296.3 sc:(:;‘;;ljtg:‘r?es
2 Australia 262.9 1 India 5371
3 United States 261.7 2 United States 349.0
4 |china 224.1 3 |china 2412
> Per 2078 4 Turkey 194.9
6 |Russia 1755 5 [saudiArabia 146.2
’ Indonesia 1666 6 United Arab Emirates 96.0
8 Canada nas 7 Indonesia 78.0
9 Uzbekistan 79.3 8 Egypt 753
10 Papua New Guinea 68.8 9 Italy 710
1 |Ghana 628 10 [Pakistan 65.1
12 Tanzania 48.9 1 RUSsia 645
13 | Mali 459 12 |UK&lreland 59.4
14 Brazil 44.9 3 Mexico 424
15[ Chile 396 14 |Thailand 409
16| Philippines 316 15 [South Korea 376
v Mexico 30.6 16 France 35.1
18 Argentina 279 17 Japan 34.0
19 Colombia 24.8 18 Brazil 333
20 | Venezuela 23 19 |Vietnam 26.9
Rest of World 277.8 20 Germany 246

Source: GFMS Gold Survey 2006, April 2006 Source GFMS Gold Survey 2006, April 2006
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Figure 2 shows the propensity for gold to act as an inflation hedge in the United States
for the more recent period of 1976 to 2005. As the figure shows, the real price of
gold for US investors is almost identical in 2005 compared to 1976. Nevertheless,
there are deviations from the long-run hedge price in the shorter term. More specifically,
in the period of the late-1970s to early 1990s, the nominal price of gold was
above inflation hedge price. However, the opposite was the case from the late-1990s
until 2005.

Figure 2: US Dollar Price of Gold Required for Gold to be an Inflation Hedge
in the United States, 1976-2005 (Production Rank 3, Consumption Rank 2)
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Figure 3 shows the propensity for gold to act as an inflation hedge in the period 1976 to
2005 in the “top-ten” gold producing and consuming countries. Certain countries,
such as the United States, China and Indonesia, appear on both lists. Also, because
of problems with finding reliable exchange rate and inflation data for Russia and
Uzbekistan before the fall of communism, the figures for these two countries are for
1992 to 2005. Also for Uzbekistan because of data restrictions, the exchange rate is
expressed in purchasing power parity (PPP) units. A comparison of these figures suggests
that there is considerable variation in this relationship. For example, gold appears to be
an excellent inflation hedge in China and India, as well as in those countries that have
experienced hyperinflation in the period, such as Indonesia and Turkey. The figures also
suggest that real gold prices denominated in the home currency of investors outside
of the USA also deviate in the short-run from their home country inflation hedge price
and there is also a long-run tendency for gold prices to revert to the long-run inflation
hedge price.
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Figure 3(a): South African Rand Price of Gold Required for Gold to be an
Inflation Hedge in South Africa, 1976-2005 (Production Rank 1)
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Figure 3(b): Australian Dollar Price of Gold Required for Gold to be an
Inflation Hedge in Australia, 1976-2005 (Production Rank 2)
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Figure 3(c): Chinese Yuan Price of Gold Required for Gold to be an Inflation
Hedge in China, 1976-2005 (Production Rank 4, Consumption Rank 3)
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Figure 3(d): Peuvian Nuevo Sole Price of Gold Required for Gold to be an
Inflation Hedge in Peru, 1976-2005 (Production Rank 5)
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Figure 3(e): Indonesian Rupiah Price of Gold Required for Gold to be an Inflation
Hedge in Indonesia, 1976-2005 (Production Rank 6, Consumption Rank 7)
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Figure 3(f): Canadian Dollar Price of Gold Required for Gold to be an
Inflation Hedge in Canada, 1976-2005 (Production Rank 7)
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Figure 3(g): Russian Rouble Price of Gold Required for Gold to be an
Inflation Hedge in Russia, 1992-2005 (Production Rank 8)
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Figure 3(h): Uzbekistan Soum Price of Gold Required for Gold to be an
Inflation Hedge in Uzbekistan, 1992-2005 (Production Rank 9)
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Figure 3(i): Papua New Guinea Kiva Price of Gold Required for Gold to be
an Inflation Hedge in Papua New Guinea, 1976-2005 (Production Rank 10)
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Figure 3(j): Indian Rupee Price of Gold Required for Gold to be an
Inflation Hedge in India, 1976-2005 (Consumption Rank 1)
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Figure 3(k): Turkish Lira Price of Gold Required for Gold to be an Inflation
Hedge in Turkey, 1976-2005 (Consumption Rank 4)
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Figure 3(l): Saudi Riyal Price of Gold Required for Gold to be an Inflation
Hedge in Saudi Arabia 1976-2005 (Consumption Rank 5)
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Figure 3(m): United Arab Emirates Dirham Price of Gold Required for Gold
to be an Inflation Hedge in UAE, 1976-2005
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Figure 3(n): Italian Lira Price of Gold Required for Gold to be an Inflation
Hedge in Italy, 1976-2005 (Consumption Rank 8)
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Figure 3(0): Egyptian Pound Price of Gold Required for Gold to be an
Inflation Hedge in Egypt 1976-2005 (Consumption Rank 9)
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Figure 3(p): Pounds Sterling Price of Gold Required for Gold to be an
Inflation Hedge in the United Kingdom, 1976-2005 (Consumption Rank 10)
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Figure 4 shows home country inflation hedge gold prices between 1976 and 2005
expressed in dollar prices for ten countries. This figure clearly shows that the major gold
consuming countries outside of the USA, that is, India, China, Turkey, Saudi Arabia and
Indonesia were rational to purchase gold. For these countries the actual US dollar gold
price far exceeded the dollar gold price required to provide an inflation hedge after
taking account of exchange rates between the US dollar and the home country and the
home country consumer price index movements. If the price of gold is quoted in US
dollars and gold is an inflation hedge for the USA, holding gold is profitable for investors
domiciled in countries whose currencies depreciate against the US dollar by more
than what is needed to compensate for the difference between the country’s and US
inflation rate.

Whether investors in any particular country gain or lose by holding gold depends on the
start date when gold is purchased and the length of the holding period. More
specifically, it is far more likely to be profitable to invest in gold when the nominal price
of gold is below its inflation hedge price. Conversely, it more likely to be unprofitable to
invest in gold when the nominal gold price is above its inflation hedge price. In both
cases the US dollar price at 1976 is expressed in the local currency at 1976. This local
currency gold price is uplifted by the local price index for each time period to ensure
that gold is a local hedge against inflation, and this local currency inflation hedge price is
then converted back to US dollars at the exchange rate ruling at that time period.

Figure 4: Dollar Price of Gold Required for Gold to be an Inflation Hedge
in Ten Countries, 1976-2005
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Figure 4 provides prima facie evidence that justifies the countries that were the most
active purchasers of gold. Gold out-performed the inflation hedge benchmark in these
countries because their currencies depreciated faster than their inflation rate gap with
the US inflation. For example, Indian consumer prices in 2006 are ten times higher than
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in 1976 while US consumer prices in 2006 are four times higher than in 1976. Rupees
per US dollar rose from 9 to 45, five times more than 1976. Consequently gold greatly
outperformed the inflation hedge price for an Indian investor while gold acted as an
inflation hedge for a US investor between 1976 and 2005.

An Indian investor buying and holding dollars instead of gold would have enjoyed the
same gains plus the additional interest that dollar-denominated assets would have
earned, and without facing the risk that gold might not be an inflation hedge. (The
investor would, of course, have lost the utility from wearing jewellery, if gold was bought
in that form as was more often the case, and the other cultural benefits of gold.) Thus it
might seem that holding real interest-bearing dollar-denominated assets would be
preferable to holding gold, provided that gold is a US inflation hedge and there is no
expectation of real dollar depreciation against the rupee. However, the earlier discussion
suggests that real US dollar depreciation is inevitable. Under these circumstances it is
preferable for the Indian investor to hold gold rather than US dollar-denominated assets
provided that gold acts as an US inflation hedge.

The main purpose of this report is to examine empirically the short-run and long-run
determinants of the price of gold. The proposition that gold is a long-run inflation hedge
is explored while incorporating a number of systematic economic factors that cause the
price of gold to temporarily deviate from its long-run price. We examine the hypothesis
that the long-run price of gold rises one for one with the general price level within a
theoretical framework that reconciles the observed short-run volatility of the gold price
with it also being a long-run inflation hedge. A large number of issues such as exchange
controls and capital controls that affect the price of gold by impeding the smooth
operation of markets are not included in our analysis. The purpose of our exercise is to
find a parsimonious economic model that explains most of the price behaviour, in which
the outliers and deviation from the fitted values will always have interesting but unique
stories to tell.

The remainder of this report is organised as follows. Section (2) presents a theoretical
framework, based in the simple economics of “supply and demand”, that is consistent
with the view that gold is an inflation hedge in the long-run, yet at the same time, the
price of gold can fluctuate considerably in the short-run. Section (3) is a time-series
statistical analysis aimed at testing some of the key hypotheses generated by this
theoretical framework. Conclusions and recommendations follow in Section (4).
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2. Determinants of the Price of Gold

Assuming that the short-run price of gold is determined by supply and demand, it will
fluctuate on a period-by-period basis in response to variables that alter the supply and/or
demand for gold. We start by discussing factors that influence the short-run supply of
gold. Central banks have been willing to lease gold since the early 1980’s (see
O’Callaghan 1991). Gold producers (i.e. mines) can implicitly supply their customers by
leasing gold from central bank gold reserves, through a bullion bank intermediary, as well
as extracting it from their mines. The quantity of gold supplied from extraction in any
period is positively related to the gold price in an earlier period because there may be a
substantial time lag before mines react to a price change. The quantity of gold supplied
from extraction is also negatively related to the amount of extracted gold that is diverted
to repay central banks for the gold leased in the previous period incremented by a
physical interest rate in those cases where the central bank opts for interest to be repaid
in gold. Therefore the total supply of gold to the market in each period from extraction is
positively related to the lagged gold price, negatively related to the amount of gold
leased in the previous period and negatively related to the gold lease rate in the previous
period.

Central banks forgo convenience yield, which is the benefit associated with actually
physically holding gold for one period on the gold they have leased out in return for the
gold lease rate. The amount of gold supplied by central banks for leasing is determined
by central bank lenders adjusting their gold reserves to the point where the physical rate
of interest they receive is equal to the convenience yield forgone to the central banks
from holding gold plus a default risk. In equilibrium, the lease rate is equal to the
convenience vyield plus default risk. Therefore a fall in the physical interest rate, a rise in
default risk or a rise in convenience yield caused by political or financial turmoil would
reduce the quantity of gold leased to the industry from central banks in that period.
However, the repayment of gold leased in the previous period also impacts on the
current period supply. The total supply of gold in any given period fluctuates in response
to the current price, gold lease rate, convenience yield and default risk, and also the
previous period quantity of leased gold to be repaid at the previous physical interest rate
(when appropriate). The previous period quantity of leased gold to be repaid depends
on the previous period convenience yield and default risk. Therefore the total supply of
gold depends on the current price of gold and the current and lagged values of the
physical interest rate, the convenience yield, and the default risk premium.

There are two components to the short-run demand for gold. The first category consists
of the “use” demand for jewellery, medals, electrical components etc. The “use” demand
for gold is a negative function of the price of gold. The demand for jewellery is also
affected by price volatility but the impact of this variable may be too short-term to affect
this analysis. The second category is the “asset” demand for gold as an investment. This
demand is based on a number of factors including dollar exchange rate expectations,
inflationary expectations, “fear”, the returns on other assets and the lack of correlation
with other assets. There has been considerable debate surrounding the assertion that
gold reduces portfolio volatility because the types of events that cause stock prices to
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collapse also tend to raise the price of gold. That is, there is disagreement about the
claim that gold has a “negative beta” because the returns to holding gold have the
opposite sign to the returns on a market portfolio (beta is equivalent to the correlation of
returns). We include this motivation to hold gold since the theoretical justification is
unaffected by the debate. The debate about the beta of gold is an empirical issue and
the relationship has been demonstrated to hold over some time periods.

The effectiveness of gold in reducing portfolio risk is inversely related to beta which
measures the extent to which the price of gold moves in the opposite direction from the
stock market. Generally the empirical evidence shows that on average there is no
correlation (see Lawrence, 2003; O’Connell, 2005; Pulvermacher, 20053, b). However,
the correlation between the returns on holding gold and the returns on the stock market
become negative for short periods when the stock markets under-perform very badly. If
the beta for gold rises for a period of time, the portfolio demand for gold will fall during
that period. Therefore the demand for gold as an investment is negatively related to the
current beta and positively related to the lagged values of beta.

Holding gold precludes earning interest on holding an alternative interest bearing asset.

The real interest rate forgone is the cost of holding gold. Therefore the asset demand for
gold will fluctuate in response to changes in the real interest rate as well as gold’s beta.
There have been occasions when the gold price has moved in line with interest rates,
although the norm is for the price to move inversely with interest rates. For example,
gold prices and interest rates both rise if the rising interest rates reflect concern over
inflation or over the US dollar. The relationship between interest rates and the gold price
depends on a clear distinction between real and nominal interest rates and the precise
cause of the rise in interest rates.

The market price of gold is determined where supply is equal to demand. However, as
explained above, the supply and demand for gold and therefore the equilibrium short-
run gold price will fluctuate in response to changes, inter alia, in the gold lease rate,
convenience vyield, default risk, the beta for gold and the real interest rate. There is an
arbitrage relationship (see Levin, Abhyankar and Ghosh, 1994) that drives the physical
interest rate (the gold lease rate) into equality with the real interest rate. Theoretically, in
equilibrium, a mine is indifferent between extracting gold now and selling the mined
gold now, and leasing gold now, selling the leased gold now, investing the proceeds of
the sale in a bond, selling the bond in one year and using the proceeds including interest
to pay for extracting the gold plus the physical interest rate. If the cost of extraction rises
at the general rate of inflation, the gold lease rate is equal to the real interest rate.

The gold lease rate, therefore, can be used as an empirical proxy for the real interest rate
in the empirical analysis of the short-run gold price. The theoretical analysis of the short-
run gold price implies that there will be fluctuations in the gold price caused by political
and financial turmoil as well as changes in real interest rates and the beta for gold that
will cause divergences from the long-run inflation hedge price.

The long-run price of gold is expected to rise in line with inflation and act as an inflation

24 Short-run and Long-run Determinants of the Price of Gold



hedge essentially because the long-run price of gold is related to the marginal cost of
extraction and if the cost of production rises at the rate of inflation, the price of gold will
rise at the same rate. This conclusion is not affected if gold producers implicitly supply
their customers by leasing from central banks as well as by extracting gold from mines.
Since this gold has to be repaid it only affects supply in the short term. Profit maximising
behaviour by gold producers ensures that the cost of gold from leasing is equal to the
cost of gold from extraction. If this was not the case then the cost of gold from one
source would not be equal to the cost of gold from the other source. In this situation,
profit could be increased by sourcing a higher proportion from the less costly source.

The long-run price of gold will be equal to the marginal cost of gold extraction if the
market is competitive or proportional to the marginal cost of gold extraction if gold
producers have market power. In either case the long-run price of gold will rise at the
general rate of inflation. The theoretical basis that enables the gold lease rate to be used
as a proxy for world real interest rates in the empirical analysis requires that the marginal
cost of extraction rises at the general rate of inflation over the sample period. It is of
course possible that technical progress may negate this assumption over longer time
periods.

There are a large number of studies that have attempted to statistically model the
determinants of the price of gold. Basically these studies follow three main approaches.
The first approach models variation in the price of gold in terms of variation in main
macroeconomic variables (e.g. Ariovich, 1983; Dooley, Isard and Taylor, 1995; Kaufmann
and Winters, 1989; Sherman, 1982, 1983, 1986; Sjaastad and Scacciallani, 1996). The
second approach focuses on speculation and the rationality of gold price movements
(Baker and Van Tassel, 1985; Chua, Sick and Woodward, 1990; Diba and Grossman, 1984;
Koutsoyiannis, 1983; Pindyck, 1993). The third approach examines gold as a hedge
against inflation with particular emphasis on short-run and long-run relationships
(Chappell and Dowd, 1997; Ghosh et al, 2004; Kolluri, 1981; Laurent, 1994; Mahdavi and
Zhou, 1997; Moore, 1990; Ranson, 20053, b). The analysis in our paper extends the third
approach by including political and financial risk variables into the econometric analysis.
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3. Empirical Analysis

The analysis above shows that the long-run price of gold will rise at the general rate of
inflation as long as extraction costs rise with inflation. At the same time the short-run
price of gold may fluctuate in response to political and financial shocks that cause
convenience yield and default risk to alter, as well as changes in real interest rates and
the beta for gold. Taken together, the theory reconciles the widely held belief that gold
represents a hedge against inflation with clear evidence of short-run movements in gold
prices that are not related to inflation. In this section cointegration techniques are used
to test the hypothesis that short-run movements in the gold price are related to these
factors, while the long-run price of gold moves with the general price level to act as a
hedge against inflation.

3.1 Model

A simple empirical model based on the supply and demand explanation of movements
in the price of gold presented in Section 2 can be written as:

Pg = f(Pusa, musa, V(T)usa, PworLp, Tworen, V(7)worp,Yworio, ER, Rg, Bg, CRDP, Risk, 6)
where:

Pyg is the nominal price of gold measured in nominal $US per ounce;

Pusa is the consumer price index in the USA;

mrusa is the rate of change in the US retail price index;

V()usa is the volatility of US inflation measured as the standard deviation divided
by the mean of the last 12 months;

Pworep is the IMF “World” price index;
Tworep 1S the rate of change in the World price index;

V(m)worep is the volatility of World inflation measured as the standard deviation
divided by the mean of the last 12 months;

Ywortp is world income;

ER is the “Nominal Major Currencies Dollar Index”, which is a trade weighted
exchange rate of the dollar to the rest of the World;

Rg is the gold lease rate;

Bg is “Gold’s Beta” which is return on gold regressed on the return on the Standard
and Poor 500 index.

CRDP is the credit risk default premium;
Risk is an index of political risk; and

0 is a set of dummy variables aimed at capturing unmeasured determinants of the
price of gold.
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In a nutshell, the model hypothesises that the price of gold is determined by the US and
world price levels, US and world inflation, US and world inflation volatility, world income,
the US-world exchange rate, the gold lease rate, alternative investment opportunities,
credit risk and time-specific uncertainty caused by political and/or financial risk. The data
used in the modelling are monthly observations covering the period January 1976 to
August 2005. It is worth noting (as is discussed below) that the political risk index is only
available from January 1984 onwards, which has consequences for the way in which the
price of gold is modelled. Each of the variables are defined further below. Data sources
are given in the Appendix.

3.2 Description of Variables

The price of gold (Pg) is the monthly average spot dollar price per ounce. The
general price level in the USA (Puys4) and the world (Pworep) are included as explanatory
variables in order to test the hypothesis that the price of gold moves with the general
price level so that gold can be considered as a long-run haven against inflation. The
world index (non-adjusted IMF World Consumer Price Index) is included because there is
no single measure of the general price level that applies to all investors. The inclusion of
this should control for the fact that we do not know to what extent the price of gold is
determined by investors inside and outside of the USA. Consequently, two measures of
the general price level are used in the empirical analysis. The US price index measures
the general price index for investors living in the USA, while the world price index
measures the general price level for investors outside of the USA.

US and world inflation rates (wusa and 7mworep) and inflation volatilities, [V(m)usa and
V(m)worep] are included as variables that influence the price of gold because it is
hypothesised that the demand for gold as an inflation hedge will rise during periods of
high inflation and high inflation volatility. Volatility is measured as the coefficient of
variation for inflation over the previous 12 months.

World income (Yworep) is included as a control in order to avoid bias in the estimated
long-run relationship between the general price level and the price of gold because
it is possible that long-run increases in the level of world income might affect the long-
run price of gold via increased demand for jewellery and for gold as an investment.

The US-world exchange rate (ER) is included as an explanatory variable to control for
movements in the price of gold denominated in US dollars caused by exchange rate
movements that are not associated with changes in the relative price levels between the
USA and the rest of the world. The spot dollar/world currencies exchange rate controls
for gold dollar price movements attributable to gold market activity outside of the dollar
area caused by exchange-rate-determined changes in the non-dollar gold price. The
exchange rate used is the “nominal major currencies dollar index”.

The gold lease rate (Rg) influences the demand for gold because, being a proxy for the
world real rate of interest (see Levin, Abhyankar and Chosh, 1994), it provides a measure
of the opportunity cost of holding gold. It is calculated by subtracting the three-month
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gold forward rate from three-month LIBOR dollar interest rate. Gold was not leased every
day during the early years. Therefore to avoid the problem of stale prices we use price and
rates averaged over the month for the entire sample period. It is important to note that gold
leasing only commenced in 1982. Therefore, in the modelling (which begins in 1976),
the impact of gold leasing on the price of gold before 1982 is constrained to be zero.

Colds’s Beta (Bg) influences the portfolio demand for gold in accordance with gold’s
ability to reduce portfolio volatility. It was calculated by regressing the monthly gold
return on the monthly “Standard and Poor500 Index” (dividends reinvested) return,
based on information from the previous 36 months.

Credit risk default premium (CRDP) is included because the demand for gold is
expected to be higher during periods of financial turmoil. Default risk is associated with
financial shocks and structural changes in the international economy. For example, a
financial shock occurred following the collapse of Drexel Burnham Lambert in 1990 with
large outstanding gold liabilities to central banks. Another possible example would
be the collapse of LTCM in 1998. The credit risk default premium is a measure of
financial credit risk. It is calculated as the yield gap between “Moody’s Seasoned Aaa
Corporate Bond Yield” and “Moody’s Seasoned Baa Corporate Bond Yield” expressed
as proportion.

Political risk (Risk) is measured by an index of global political risk constructed by the
“International Country Risk Guide” It is a monthly indicator of political risk and
uncertainty for 143 countries. However, it is only available after January 1984. Each value
is the aggregated score over 12 components of political risk that include government
stability, socioeconomic conditions, investment profile, internal conflict, external conflict,
corruption, military in politics, religious tensions, law and order, ethnic tensions,
democratic accountability and bureaucracy quality. Each component is assigned a
maximum numerical value of “risk points”, with a higher number of points indicating a
lower risk for that component. After this has been done for each of the 12 components,
they aggregated to form a composite index of political risk.

3.3. Statistical Methods

The statistical methods used to identify the key determinants of the price of gold are
“cointegration regression techniques”. This method can be used to isolate the factors
that are correlated with movements of a variable in both the short-run and long-run. For
example, what causes the variables to fluctuate in the short-run around a long-run
trend? In this sense, the method is well suited to modelling movements in the price of
gold. The results of this analysis are discussed below in a qualitative manner. Since the
method is complicated, all the technical details relating to the “nuts and bolts” of the
analysis are laid out in the Appendix.

The fact that the political risk index is only available for 1984 onwards complicates the
analysis further. In an attempt to deal with this, a set of models were estimated over the
complete 1976-2005 time period that do not include the risk variable. In these models, a
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set of ad hoc period-specific dummy variables were included in order to control for
residual spikes not “explained” by the included explanatory variables. It is our view that
that these spikes are caused by political risk generated by events such as the fall of the
Berlin Wall, the Falklands War, the invasion of Kuwait by Iraqg, the invasion of Irag by the
USA, etc. The model is then re-estimated over the shorter 1984-2005 period, including
the measure of political risk. Although this strategy is less than ideal, there is little else
that can be done, since we were not successful at locating a suitable measure of political
risk for the earlier period. However, before turning to discussing the results, it is useful to
first examine trends in each of these variables.

3.4 Trends in Explanatory Variables

In this section we start by examining the bivariate relationships between the market price
of gold and each of the explanatory variables. However, it is important to note that this
descriptive analysis may reveal spurious trends and correlations. The subsequent
multivariate analysis holds other factors constant while examining the effect of each
variable on the price of gold. Figures 5-17 shows the individual relationships between the
nominal price of gold (denominated in US dollars) with each of the explanatory variables.
Figure 5 is for US price index (Pusa), while Figure 6 is for the world price index (Pworep)-
Figure 7 puts both indexes together starting from a common base of 100 in 1968. While
both variables trend upwards, the trajectory of the world price index is much steeper
than the US price index. The trends shown in these figures are consistent with the view
of a likely long-run relationship between the price of gold and the general price level,
and that gold is a long-run hedge against inflation. However, there are significant
deviations between movements in the price of gold and the general price level in the
short-run. Itis clear that gold is not a short-run hedge against inflation.

Figure 5: Price of Gold and US Consumer Price Index 1968-2005
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Figure 6: Price of Gold and World Consumer Price Index 1968-2005
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Figure 7: US and World Consumer Price Indices 1968-2005
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Figures 8 and 9 plot US inflation (7rys4) and world inflation (7worwp), respectively. Both
suggest that the price of gold is higher during periods of high inflation. This is clear for
the periods 1972-1974, 1978-1982 and 1997-1998. However, this relationship does not
appear to hold between 1986-1989 and 2002-2005. Figure 10 is US inflation volatility
[V(m)usa] and Figure 11 is world inflation volatility [V(m)worep]. Once again there appears
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to be a relationship between the price of gold and inflation volatility in the periods 1973-
1975, 1980-1982, and around 1987. However, in other periods, this relationship is not
clearly visible.

Figure 8: Price of Gold and US Inflation 1968-2005
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Figure 9: Price of Gold and World Inflation 1968-2005
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Figure 10: Price of Gold and US Inflation Volatility 1968-2005

750 - 0.15
700 1 L 0.14
650 1 P = Price of gold == Inflation volatility [ 013
600 1 L o.12
550 - | L o.m

T 500 - ‘ L o.1

o

8

S 450 A L 009 >

= =

T 400 A L 008 S

3 e

~ =

5 350 L 007 S

g ks

£ 300 A L 006 £

[

£ 250 L 0.05

o

=z
200 L 0.04
150 4 L 0.03
100 4 L 0.02

50 | L 0.01
0 . . — o
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA NN NN N
O W W WWWWWWOWWOWOOOUOOOOUOOOOOoOOOOuooowuovwwoooo oo o
O DN NN NN N NN N SN0 0000 0000 000000000 WwOWOOOOOY OO o000 o
0 OWO = NWDUODNOWOO=2NWIRUIDNWOWMOO="NWHARUIUDIIN®®OO=NWDIOG

Figure 11: Price of Gold and World Inflation Volatility 1968-2005
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Figure 12 plots world income (Yworep), Which trended upwards in this period. However, it
is difficult to interpret this relationship because income and the price level both rose over
time, and it is necessary to examine this in a multivariate analysis in order to disentangle
these two effects. Figure 13 shows a clear negative relationship between the gold price
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and the US dollar-world exchange rate (ER). This is in accord with prior expectations. This
index is a weighted average of the foreign exchange value of the US dollar against a
subset of the broad index currencies that circulate widely outside the country of issue. A
rise in the price of dollars makes gold more expensive for investors outside of the dollar
area, and this will depress the demand for gold and this in turn lowers the price of gold.
This is clearly seen in Figure 13, and is in agreement with Capie et al (1990).

Figure 12: Price of Gold and World Per-capita Income 1968-2005
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Figure 13: Price of Gold and US Trade-weighted Dollar Exchange Rate Index
1968-2005

= Price of gold = Exchange rate

1002
2002 4
€002
002 4
5002

Short-run and Long-run Determinants of the Price of Gold 33



Figure 14 is for gold lease rate (Rg). Theory suggests that the gold price should be
higher when the gold lease rate is low, which is analogous to the relationship
between inflation indexed bond prices and real market interest rates (see Basta
et al., 1996; Kinney, 1999). This certainly appears to be the case from 2000 onwards.
However, the relation is not so clear for the other years. There are nevertheless some
indications of the hypothesised negative relationship between the lease rate and the real
gold price. For example, the real price of gold moved in the opposite direction from
the lease rate in 1982, 1989, 1990, 1993 as well as 2000 onwards. It is interesting
to note that lease rate has large spikes in periods when central banks required
very much higher physical interest rates on their gold loans. These spikes would
have been caused by sudden rises in the real interest rate, convenience vyield, or
default risk.

Figure 14: Price of Gold and Gold Lease Rate 1982-2005
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There should be a negative relationship between the price of gold and the gold’s beta
(Bg). A negative beta makes gold attractive for investors to hold in a portfolio because a
negative beta makes gold reduce portfolio volatility. Figure 15 indicates a positive
relationship between gold’s beta and the price of gold between 1978 and 1986, and a
negative relationship for most of the remaining periods. The ambiguous relationship
between the price of gold and gold’s beta may be accounted for by the theoretical
expectation that the sign of the relationship between gold and its beta should reverse
for lagged values of beta. Whatever the reason, the ambiguity of this relationship
suggests that investors would need perfect foresight were they to seek exposure to gold
only during periods when it has a negative beta.
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Figure 15: Price of Gold and Gold's Beta 1968-2005
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Figure 16 plots the credit risk default premium (CRDP). Theory suggests that the price of gold
should be lower during periods of low credit risk when central banks are more willing to lease
gold. There is some indication of this relationship during the 1990s. However, the multivariate
analysis is needed to establish the relationship holding other factor constant because
credit risk is likely associated with other explanatory variables such as the real interest rate.

Figure 16: Price of Gold and Credit Risk Default Premium 1968-2005
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Figure 17 is the plot for the political risk index (Risk). The price of gold should be
positively related to political risk. A higher score on the political risk index indicates lower
political risk. Therefore we expect to see a negative relationship between the gold price
and the political risk index. There is evidence of this relationship in the late 1980s and in
the period 1996-2005.

Figure 17: Price of Gold and the Political Risk Index (1984-2005)
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3.5 Main Findings
3.5.1. Long-term Relationships

The long-term price refers to the equilibrium price of gold in relation to the general price
level after all shocks to the gold price caused by the other short-run variables have been
washed out. The theoretical section presented in Section 2 suggests that there should
be a long-run one-to-one relationship between the nominal price of gold and the
general price level. That is, the nominal price of gold and the general price level should
move together if gold is an effective hedge against inflation. We started by examining
the relationships between the price of gold (Pg) and both the US (Pys4) and world price
levels (Pworcn). A series of statistical tests confirm that the long-run price of gold moves
with only the US price level. The world price level does not appear to contribute anything
more to the relationship between the price of gold and the US price level. The analysis
proceeds with only relationship between the gold price and the general price level in
the USA.
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Three main findings emerge with respect to the analysis of the long-run determinants of
the price of gold. First, there is a long-term relationship between the price of gold and
the US price level. Second, the long-run parameter of unity lies within the 95 per cent
confidence interval. This implies that the US price level and the price of gold move
together in the long-run. That is, a one percent increases in the general US price level
leads to a long-term one percent increase in the price of gold. The evidence provides
support for the belief that gold is a long-term hedge against inflation. Third, there is a
slow reversion towards the long-term relationship following a shock that causes a
deviation from this long-term relationship. The estimate of the error correction term is -
0.019, which implies that each month’s error is about 2 per cent smaller than the
previous month. Numerically, it takes five years to eliminate about two-thirds of the
deviation from the long-term relationship between the price of gold and the US price
level caused by a shock.

3.5.2 Short-term Relationships

The analysis of the determinants of the price of gold in the short-term analysis suggests
that several factors are important. This analysis essentially explores the short-run
dynamics that cause short-run deviations from the long-run relationship. The theory
presented in Section 2 suggests a number of factors that might influence the short-run
price of gold.

US and world inflation (7rus4 and mrworen) and US and world inflation volatility [V(#)usa and
V(m)worep] should raise the price of gold because high values for these variables increase
the need for an inflation hedge, which would likely increase the demand for gold and this
would in turn raise the price of gold. Rising world income (Yworwp) should increase the
demand for gold jewellery that would raise the gold price. A fall in the dollar/world
exchange rate (ER) should raise the price of gold because a US dollar depreciation would
make gold cheaper for investors outside of the dollar area that would increase the
demand for gold and raise the US dollar price of gold.

A rise in the real interest rate (Rg), proxied by the gold lease rate, would depress the
demand for gold and lower the price of gold because higher real interest rates represent
higher forgone interest payments on holding government securities instead of gold. A
rise in credit risk (CRDP) should increase the price of gold because the demand for gold
is expected to be higher during periods of financial turmoil. This would also apply to
central banks who would be prepared to lease less gold at any given lease rate as the
convenience yield from holding gold rises. The demand for gold to reduce portfolio
volatility would be high during periods when the beta for gold is negative (8g) and this
would cause a negative relationship between changes in beta and changes in the gold
price. We also expect that the demand for gold and the price of gold should rise during
periods of political risk, uncertainty and turmoil (Risk).

A series of models were estimated with data covering the period 1976 to 2005. These
models did not include the political risk index because no data was available for this
variable prior to 1984. The results confirm a significant short-run relationship between
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the movements in the following variables and movements in the price of gold.
The empirical analysis found statistically significant positive relationships between
changes in the price of gold with changes in US inflation (rysa), US inflation volatility
[V(m)usa] and credit risk (CRDP). The empirical analysis found statistically significant
negative relationships between changes in the price of gold with changes in the
US dollar trade-weighted exchange rate (ER) and the gold lease rate (Rg). The significant
negative parameter on the “error correction mechanism” reflects the
slow return of the gold price to its long-run relationship. These findings are in
accordance with the theory. However, the empirical analysis did not find any significant
relationship between changes in the price of gold and changes in world inflation
(mworep), world inflation volatility [V(m)worwn], world income  (Yworp), and gold’s

beta (Bg).

The model also included a number of ad hoc time dummies. Inclusion of these dummies
was based on statistical criteria. Ten dummies were statistically significant and large in
magnitude. They are shown in Table 3. These time dummies tend to cluster in the
late1970s/early 1980’s period, and therefore likely capture the high uncertainty in this
period following the OPEC oil price shock of 1979.

Table 3: Statistically Significant Year Month

Period Dummies from Short-run 1976 Novemnber

Model of the Price of Gold
1978 November
1979 September
1979 December
1980 January
1980 March
1980 June
1981 July
1982 March
1982 April
1982 May
1982 September
1983 March
1986 September
1999 October
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We also examined news reports in the month before during and after for the six largest
time dummies. The conclusions of this search are twofold. First, it is possible to identify a
major crisis somewhere in the world in most months. Therefore attributing a rise in the
gold price to a particular crisis in that month is a classic case of the fallacy “post hoc,
ergo propter hoc”. For example, the gold price spike of December 1979 may be due to
the Soviet invasion of Afghanistan. It seems more likely that the spikes that occurred in
September 1979, December 1979, and January 1980 were more likely to be associated
with rising panic as Iranian oil shipments were halted following the January 1979 Iranian
Revolution. We should recall that Saudi light oil prices increased nearly five times from $2
to $9.6 from 1973 to 1974, then oil prices doubled from $13 to $26 in 1979, and
reached $37 by 1981. Meantime US annual inflation rose from 8.5 per cent in September
1978 to 11.8 per cent in August 1979 to 14.6 per cent in March 1980. The 1982 oil
spike may be due to Middle East turbulence or it might be associated with the death of
Leonid Brezhnev.

The October 1999 price spike is explained by the first Central Bank Gold Agreement
(CBGA). In the late 1990s a number of high-profile central bank sales started to spook
the market and raised fears of a possible tidal wave of selling, particularly from European
central banks who had large gold holdings acquired during the Bretton Woods period.
Matters came to a head in 1999 with possible major Swiss and IMF sales, together with
the UK announcement that it was to sell over half of its holdings. The CBGA was an
attempt by 15 European central banks to restore orderly markets by limiting sales to
2000 tonnes over the following five years and an agreement that combined leasing from
the signatories would not exceed its current level. This agreement was unexpected and
the fears of a shortage of leased gold created a price spike.

The parameters of the model suggest that supply and demand factors do affect the
price of gold in the short-run, but the fact that the model needs to include ten ad hoc
time dummies is problematic. One hypothesis, discussed in Section 2, is that political risk
and uncertainty dramatically affect the short-run price of gold and the time dummies
are picking up these effects. In order to explore this further, models were estimated over
the shorter period 1984-2005, which allows for the inclusion of the political risk index
(Risk). As mentioned above, this measure is a weighted index for 143 countries. When
this variable was included in the model, it was found to be statistically significant
but with the “wrong” sign—higher levels of political risk are associated with lower gold
price levels.

It is important to recognise that this index weighted by each country’s income, it is
dominated by those countries that have the largest economies. In addition, it is our view
that much uncertainty is generated by uncertainty with respect to the price of oil. In
order to explore this further, the index was constructed for the “Top-10” oil producing
nations (RiskQil-10): Saudi Arabia, USA, Russia, Iran, Mexico, Venezuela, China, Norway,
UK and Irag. Again, because this index is a weighted measure, it is dominated by the
USA. Therefore, we also constructed the index leaving the USA out (Risk0il-10 minus
USA). In the models that includes these measures, both were statistically significant with
a negative sign, providing evidence that higher level of political risk are associated with a
higher price of gold in the short-run.
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It is important to note that statistical significance does not necessarily mean that the
relationship is quantitatively important. In order to illustrate the magnitude of these
effects the estimates were used to decompose the short-run increase in the price
occurring in the period 2001 to 2005. More specifically, the price of gold increased from
a “low” of $260 in April, 2001 to $438 in August 2005. That is, the price of gold
increased by about 70 per cent in this period.

The contribution that each explanatory variable made to the change in the price of gold
between April 2001 and August 2005 can be approximated by using the estimated
equation to conduct a dynamic simulation of the price of gold. The dynamic nature of
the simulation implies that the predictions of the price of gold at time “t” are fed back
into the simulation via lagged values. Initially the simulation is run forward with all the
explanatory variables taking their actual values through to August 2005. In this way
conditional predictions for the price of gold are derived. This series defines the “full
simulated effect”. Next the values of the explanatory variables are returned to their
March 2001 values and the simulation is reworked with the actual time path for one
variable at a time incorporated, each time the proportion of the full simulated effect
achieved is noted.

It is important to note that estimated equation predicts an increase in the price of
gold from $258 in April 2001 to $395 in August 2005, which is smaller than the
actual increase. That is, the estimated equation predicts about 75 per cent of the
actual increase over this period. Therefore, the remaining 25 per cent is explained by
other factors not included in the model. The results of the decomposition are shown in
Table 4. As the table suggests, most of the “explained” change is associated with
changes in the US price level, followed by changes in the exchange rate and US
inflation volatility. Changes in the gold lease rate and changes in credit risk default
premium were not of great importance. Note that the model used in this decomposition
is based on data from the 1976-2005 period, so it is not possible with this specification
to comment on the contribution that changes in political risk make. This finding is not in
entirely in agreement with the view of many gold market analysts that the
strength/weakness of the dollar was the key determining factor of the price during
that period.

Table 4: Decomposition of 2001 to 2005 Increase in the Price of Gold

Factor Percentage share of Percentage share of
total explained price change total price change
Changes in the US price level 48.9 36.2
Changes in the exchange rate 24.8 18.4
Changes in US inflation volatility 13.9 10.3
Changes in the gold lease rate 3.6 2.7
Changes in credit risk default premium 2.2 1.6
Unexplained - 26.0
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Figures 18 to 23 show the impulse response functions for the five factors included in the
decomposition. These functions trace out the response of the price of gold to a
hypothetical exogenous “shock” in each of the explanatory variables. These functions use
the estimated equation to describe how the price of gold will respond to a given
increase in an explanatory variable. They take into account both the initial impact of the
change, and the timing of this impact, and the way that this effect dissipates over time
as captured by the dynamic structure of the model and through the lagged dependent
variable in particular. The impulse response functions are for a positive shock (i.e.
increase) of 10 per cent. They confirm the findings of the decomposition by illustrating
the importance of changes in the inflation and the exchange rate in the explanation of
short-run movements in the price of gold.

Figure 18: Impulse Response Function 10 per cent Increase in US Inflation
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Figure 19: Impulse Response Function 10 per cent Increase in the Exchange
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Figure 20: Impulse Response Function 10 per cent Increase in the Credit Risk
Default Premimum
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Figure 21: Impulse Response Function 10 per cent Increase in the Gold Lease
Rate
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Figure 22: Impulse Response Function 10 per cent Increase in US Inflation
Volatility
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Finally, Figure 23 shows the impulse response function for political risk. This figure is for a
10 per cent increase in political risk (i.e. a higher level of risk). The function is shown for
the index based on the “Top-10” oil producing nations (RiskQil-10) and for the “Top-10”
minus the USA. The time path for the two indices is very similar. This finding suggests
that political risk associated with oil-producing countries is an important determinant of
the short-run changes in the price of gold.

Figure 23: Impulse Response Function 10 per cent Increase in Political Risk
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4. Conclusions

The results of the empirical analysis are consistent with the widely held belief that there
is a long-term one-for-one relationship between the price of gold and the general price
level in the USA. More specifically, a one per cent rise in US inflation raises the
long-term price of gold by an estimated one per cent. A one percent increase in the
long-term price of gold for a one percent rise in the general US price level lies within the
95 percent confidence interval. However, there are short-run deviations from the long-
run relationship between the price of gold caused by short-run changes in the US
inflation rate, inflation volatility, credit risk, the US dollar trade-weighted exchange rate
and the gold lease rate. There is a slow reversion towards the long-term relationship
following a shock that causes a deviation from this long-term relationship. It takes about
five years for the long-term relationship between the price of gold and the general
price level to be restored following any shock that causes a deviation in this
long-term relationship.

Two major issues remain unresolved. The first concerns gold as a long-run inflation
hedge for countries other than the USA. If the price of gold is quoted in US dollars and
gold is an inflation hedge for the USA, holding gold is profitable for investors domiciled in
countries whose currencies depreciate against the US dollar more than required to
compensate for the difference between the country’s and US inflation rate. It is surely no
coincidence that the major gold consuming countries (see Table 2) appear to be over-
represented among countries that profited from holding gold because their currency
depreciation against the US dollar exceeded that required to compensate for the
inflation rate differences between the two countries. This relationship has not been
rigorously examined in our analysis and a deeper investigation is warranted.

Second, the time dummies remain unexplained. The rationale for this study was to
improve the reliability of an earlier finding (Chosh et al, 2004) that the hypothesis that
gold is a long-run hedge against inflation could not be rejected at the 10 confidence
level. This study improved the confidence level to 5 per cent by extending the sampling
period and adding in additional explanatory variables including US and world inflation
volatility, credit risk and political risk. However, the time dummies remain. We believe
that the political risk indexes used in the analysis could be improved in two ways. The
remaining spikes in the gold price may be explained by using the sub-components of the
political risk index and/or using a sub-set of oil-producing countries instead of the
aggregate political risk index.

Finally we turn to the policy implications of this analysis for potential investors in gold.
One important implication concerns a likely US dollar depreciation required to restore
balance to the US current account. There appears to be a consensus that US dollar
depreciation is inevitable — the only issue being when it will occur and whether the
adjustment path will be smooth or disorderly. Jarrett (2005) lists fourteen estimates of
the dollar depreciation that would be needed to restore the imbalance in the US
current account deficit. These estimates range between 12 per cent and 90 per cent. If
gold is a long-run hedge against inflation, and if it is true that real dollar depreciation
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against other currencies is inevitable, US wealth holders should profit from holding gold
during this period for two reasons.

The first reason is that the dollar depreciation will lower the price of gold to investors
outside of the USA, and this will raise their demand for gold and raise the US dollar price
of gold. That is in addition to the long-run relationship between the US price level and
the price of gold. The second reason is that dollar depreciation would be likely to raise
US inflation rates, and gold would act as an inflation hedge during this period. In this
context it is important to note that US Treasury Inflation Protected Securities would not
provide protection against inflation because the inflation uplift on the principal is
taxable. Basta et al (1996) and Kinney (1999) show that annual inflation in excess of 5
percent may cause the tax on the inflation uplift to exceed the coupon payment so that
investors could receive net negative interest payments in return for lending the inflation
proof principal to the government.
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Technical Appendix

Statistical Modelling of the Price of Gold

This Appendix outlines the statistical methods that were used to identify the key
determinants of the price of gold. The results of this analysis are discussed in a more
qualitative fashion in Section (3). This appendix is concerned with the technical details.
The method that is used is based on co-integration regression techniques that attempt
to identify the factors that determine the price of gold in both the short-run and long-
run. For an excellent introduction to these methods see Hall (1986), Hendry (1986) and
Muscatelli and Hurn (1992); The model hypothesises that the price of gold is determined
by the US and World price levels, US and World inflation; US and World inflation volatility,
world income, the US-World exchange rate, the gold lease rate, gold’s beta, credit risk
and time-specific uncertainty caused by political and financial risk. The main sources of
the data are given in Table A1.

Table A1: Data Sources

Variable Mnemonic | Source Link

Price of gold P KITCO Bullion Dealers www.kitco.com

US price index Pusa USA Department of Labour Statistics | www.stats.bls.gov
World price index Pworrp Datastream www.datastream.com
World income Yworep Datastream and OECD www.oecd.org
Exchange rate ER USA Federal Reserve Board www.federalreserve.gov

Gold lease rate Rg Mitsui Global Precious Metals www.mitsui-gold.com
Gold’s beta Bg Economic Time Series Page WWw.economadgic.com
Credit risk default

premium CRDF Economic Time Series Page Www.economagic.com
Political risk Risk PRS Group WWW.Prsgroup.com

Note: Inflation (7Tusa and TTworep) and inflation volatility [V(77)usa and V() woreo] are
transformations of Pysa and Pworep-

Long-run Relationships

The theoretical arguments presented in Section 3 suggests that if there is a long-run
relationship between the nominal price of gold and the general price level (i.e. if gold is
an effective long-run inflation hedge), the (nominal) price of gold and the price level
should “move together”. That is, the variables should be cointegrated. However, which
price level should gold be a hedge against? This is not an easy question to answer
a priori so formal cointegration tests were carried out exploring the relationships
between InP, and InPyss and InPworcp. The specific methods used are those developed
by Johansen (1988, 1991).
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Cranger’s representation theorem (see Engle and Granger, 1987) proved that if two or
more variables are cointegrated there must exist at least one valid error correction
mechanism (ECM) for the data. The ECM describes the short-run adjustment process of
the cointegrated variables after a movement away from the long-run relationship. Since
a key hypothesis of this paper is that there should be a long-run relationship between the
general price level and the (nominal) price of gold then a meaningful ECM is of the form:

ecmy = 'y(alnPgH — BInPysar.i — plnPWORLDt—I) (Al)

where [nPg, [nPusa, and I[nPw, are cointegrated variables and v, the speed of
adjustment parameter, lies between O and -1. Equation (A7) implies the existence of a
cointegrating vector of the following form:

alnPg, = m + Blnpysa + plnPworip: + (A2)

where w; is @ white noise process and m represents possible non-stochastic elements of
the vector (such as a constant or time-trend). If the appropriate measure of the general
price level is a linear combination of InPysax and InPwor.p We would expect to find the
restrictions a = -/ and B+ p =1 hold.

In carrying out the Johansen procedure we began with an unrestricted VAR of order 6.
On the basis of the adjusted likelihood ratio test, reduction from the VAR of order 7 to a
VAR of order 6 cannot be rejected. The choice of order 6 lags is also supported by
Akaike’s information criterion, which is maximized at 6 lags. The likelihood ratio tests
indicate that further reduction is rejected at the 10 per cent level of significance,
although it is supported by Schwarz Bayesian information criterion. Serial correlation
tests carried out on the individual equations of the VAR do not reject the null hypothesis
of no serial correlation against the alternative of up to 12th order serial correlation, using
the 5 per cent significance level. So we conclude that this VAR provides the basis for
testing for cointegration. We allow for an unrestricted constant in the cointegrating VAR,
that is we allow for a drift term in the dynamic specification as well as a constant in the
long-run relationship.

The Johansen procedure then produces two test statistics: (1) a likelihood ratio test
statistic based on the maximum eigenvalue of the stochastic matrix of the VAR and (2) a
likelihood ratio test statistic based on the trace of the same matrix. In practice although
Johansen’s Trace and Maximal Eigenvalue tests indicate that a single cointegrating vector
exists among the three price level variables. We easily reject the null hypothesis of no
cointegration but are unable to reject the null of one or fewer cointegrating vectors on
both tests. However, having established the existence of a cointegrating vector the next
step is to estimate «, B and p. This is achieved by normalising one of the coefficients (in
this case we set a = 1). The remaining “just identified” parameter estimates suggest that
both B and p are non-zero but a likelihood ratio test of the restrictions is rejected. One
possible explanation for this rejection is the high correlation that exists between nPysa
and InPworep (r = 0.997). The strong relationship between these two variables suggests it
may be legitimate to remove one or other of the price level terms from our
cointegrating vector and the ECM.
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Table A2 presents the diagnostic test results for the two variable VAR involving /nPg and
InPyss. Again we can conclude that a VAR of order 6 is the preferred benchmark for the
tests for cointegration. Johansen’s methodology also requires that the VAR residuals are
normally distributed. The null of normality is rejected for the residuals in the InPg
equation, but cannot be rejected for /nPysa.

Table A2: Test Statistics and Choice Criteria for Selecting the Order of the VAR
- Variant 1

Order LL AlIC SBC Adjusted LR test
7 2036.4 2006.4 1948.2 -
6 2034.9 2008.9 1958.5 Chi Sq(4)= 2.9 [0.60]
5 2030.5 2008.5 1965.9 Chi Sq(4)= 8.8 [0.08]
4 2018.8 2000.8 1965.9 Chi Sq(4)=22.7 [0.00]

Single equation diagnostic tests
Serial Correlation

InPg F(12,331) = 1.46[0.14]
InPUSA F(12,331) = 1.74[0.06]
Normality

InPg Chi sq(2) =1550.6 [0.00]
[nPUSA Chisq(2) =2.2006 [0.33]

A plot of the residuals from the InPg equation reveals a number of large outliers.
Introducing a number of dummies as conditioning variables in the VAR can overcome
this problem. With the dummies included normality of the residuals cannot be rejected
and the full set of test results are provided in Table A3. The results indicate that the AIC is
now indifferent to the 6 or 5 lags VAR, while SBC prefers 3. The adjusted LR test suggests
5. We therefore continued the cointegration testing using the VAR order 5.

Table A3: Test Statistics and Choice Criteria for Selecting the Order of the
VAR- Variant 2

Order LL AIC SBC Adjusted LR test
6 2172.5 2116.5 2008.0 -
5 2168.5 2116.5 2015.8 Chi Sq(4)= 7.3 [0.12]
4 2157.1 2109.1 2016.1 Chi Sq(4)= 21.1[0.00]
3 2150.7 2106.7 2021.4 Chi Sq(4)= 12.1[0.02]

Single equation diagnostic tests

Serial Correlation

InPg F(12,318) = 1.6[0.09]
InPUSA F(12,318) = 1.9[0.04]
Normality

InPg Chi sq(2) =1.6[0.46]
InPUSA chisq2)  =2.7[0.25]
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Table A4 presents the tests for cointegration in the 5 lag VAR, first without dummies,
since the inclusion of dummies invalidates the standard critical values. Both the maximal
eigenvalue and trace tests are consistent with the presence of a single CIV. The same
tests based on the VAR that includes the conditioning variables are reported in Table A5.

Table A4: Cointegration Tests for VAR with Unrestricted Intercepts

Maxinal Eigenvalue Test

Null Alternative Statistic 95% Critical Value
r=0 r=1 29.9 14.9

r<=1 r=2 744 8.1

Trace Test

Null Alternative Statistic 95% Critical Value
r=0 r>=1 374 17.9

r<=1 r=2 74 8.1

Table A5: Cointegration Tests for VAR with Unrestricted Intercepts and
Dummy Variables

List of eigenvalues in descending order: .080575 .020693

Maximal Eigenvalue Test

Nul Alternative Statistic 95% Critical Value
r=0 r=1 24.8 14.9

r<=1 r=2 9.9 8.2

Trace Test

Null Alternative Statistic 95% Critical Value
r=0 >=1 34.7 17.9

r<=1 r=2 9.8 8.1

Based on the standard critical values it would appear that the null hypothesis of at most
one cointegrating vector is rejected. This suggests that there are two cointegrating
vectors in the set of variables (i.e. the VAR has full rank and both price series are trend
stationary). However, given the presence of the dummy variables, the appropriate critical
values should in fact be adjusted upward. It is not feasible to quote appropriate critical
values without conducting Monte Carlo simulations so we simply note that an unknown
upward revision is appropriate and that both sets of test results are likely to remain
consistent with at most one cointegrating vector.

Moving on, the just identified Johansen vectors normalized on [nPg are:
InPg = constant + 2.0133 InPys for the undummied VAR and

InPg = constant + 2.3566 InPyss for the dummied VAR.

Once this normalizing restriction is imposed (see Table A6), we are able to obtain a
standard error for the parameter on /nPysa. This allows us to generate a confidence
interval for the long-run parameter attached to InPysa4. A long run parameter of unity is
clearly within this confidence interval. Theoretically a parameter of 1 on InPyss implies
long run price homogeneity, i.e that inPg and InPyss move together in the long run.
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Table A6: Maximum Likelihood Estimates of the Exactly Identified
Cointegrating Relationship (Standard errors in parentheses)

Vector 1
InPg -1 (imposed)
InPysa 2.36 (1.01)

Note: Cointegration with unrestricted intercepts and no trends in the VAR

Imposing long-run homogeneity in the Vector Error Correction Model, indicates that the long
run cointegrating relationship feeds through significantly into the error correction equation
for AlnPg, with a trzcy of 2.96. It also feeds through into the error correction equation for
AlnPysa, with a tzen of -3.08, although with a much slower speed of adjustment.

Short-run Relationships

In order to explore the short-run dynamics of the model, an equation of the following
general form is estimated over the period 1976(1) to 2005(8):

AlnPg, = a + aA(L)AInPg.; + bB(L)mysa, + cC(L)AV()ysa:
+ dD(L)Amrworeo: + €E(L)AV(m)woreo: + fF(L)AInY ,
+ ¢G(L)AIRER, + hH(L)ARg, + il(L)ABg, + jJ(L)ACR,
+ .0 + yecm, + u; (A3)

where: “a” is a constant; A(L), B(L), ..., J(L) are finite order lag polynomials; “a”, “b”, ...,
“|” are vectors of the parameters associated with these lag polynomials; 6 is an
empirically determined set of “k” period specific (t;) dummy variables; “u” is a random
error term; “ecm,.;” is the error correction mechanism constructed from the results of the
cointegration tests presented above. In the estimation it is assumed that there is a

cointegrating relationship between InPg and InPyss and a unitary cointegrating vector:
ecmy.; = InPg.; — InPysa.i (A4)

The lag length “L” was set to six. An initial unrestricted VAR was tested to see how many
lags were required to enable the residuals to pass various diagnostic tests, including serial
correlation, functional form, normality, ARCH and heteroskedasticity. The Akaike
Information Criterion suggested one to two lags (Akaike, 1992) while the Schwarz
Bayesian Criterion and LR tests suggested longer lag lengths from six to twelve lags
(Schwarz, 1978). Six lags were chosen as a compromise between parsimony and
stationarity for the cointegration test and this was carried over to the short run model. It
is also important to note that a linear time trend is not included. In earlier models we
included a time trend and it was not statistically significant so it was excluded. This
finding is common in models of first differences.

Formal unit root tests (not reported here) suggest that /nPg, InPwor.p, InY, INER, R,, B,
and CR are I(1) variables i.e. they are stationary upon first differencing based on
standard Dickey-Fuller (1979, 1981) tests. It is also worth mentioning that the political
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risk variable, Risk, used in the analysis reported below is also (/). In addition (and not
surprisingly) V(m)usa and V(m)worwp are 1(0) variables. However, the tests suggest that
InPysa is 1(2) — it must be differenced twice to be stationary. This is problematic since, in
a strict sense, it excludes the possibility of a cointegrating relationship between /nPg and
InPyss. However, it must be remembered that unit root tests have low power and are
adversely affected by outliers. Furthermore the analysis of the long-run above, which
follows the influential Johansen framework, suggests that /nPysa is I(1). Therefore we
include InPUSA in first differences along with the other variables. Models that “mix”
variables in different levels of differencing often fail residual tests badly, most notably
tests for serial correlation. Furthermore, such models are typically difficult to interpret in
terms of the hypothesis suggested by the underlying theory. However, the “liberal”
approach adopted here is widespread in the applied cointegration literature.

We then estimated the model without including any period specific dummies. We
carried out a number of tests in order to evaluate the suitability of this specification.
These tests included: 1) a Lagrange muiltiplier test of residual correlation (see Godfrey
1978a, 1978b); 2) the Ramsey (1969) RESET test of functional form misspecification,
using the square of the fitted values; 3) the Bera and Jarque’s (1981) normality test of the
residuals; and 4) a Langrange Multiplier test of heteroskedasticity based on the regression of
squared residuals on squared fitted values (see Pesaran and Pesaran 1997). This empirical
model did not perform well on these tests with the null hypotheses of normality,
homoskedasticity and no functional form misspecification being solidly rejected.

A careful examination of a plot of the residuals from this model suggested a nhumber of
clear outliers that were likely responsible for the failure of these tests. We then included a
number of time-specific dummy variables in the model in order to “dummy out” the
effect of these outliers. The inclusion of these dummies resulted in a well-specified
model that passes the above tests (test statistics given below). In order to make the
model more parsimonious, we reduced the number of right-hand side variables by
eliminating variables with statistically insignificant parameters. This was accomplished by
testing for zero restrictions using a Wald (1949) test. This process was continued until
the following “final” model was arrived at:

AlnPg, = 0.006 + 0.128AInPg., —0.127AlnPg,
[1.2] [3.6] [3.2]

+ 1.997ysa, + 0.008AV(77)ysac
[3.0] [1.6]

-0.796AInER, - 0.016ARg.; + 0.436ACR.;
[8.3] [2.8] [34]

-0.017ecm,.; + time dummies (AS)
[3.0]

The absolute value of each parameter’s associated t-statistic is shown in parentheses.

The R? value of this model is 64 per cent, suggesting a good fit for a model in first
differences. The Lagrange multiplier test for serial correlation suggests no significant
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serial correlation is present: x°(12) = 24.4 with a p-value = 0.98 (the correlogram of the
residuals is also indicative of a white noise process). The Ramsay RESET test for functional
form suggests that the model is not misspecified: x?(1) = 0.7 with a p-value = 0.41. The
Bera-Jarque test for normality indicates that the residuals are normally distributed: x(2)
= 4.7 with a p-value = 0.095. The test based on the regression of squared residuals on
squared fitted values indicates that no significant heteroskedasticity is present: x*(1) =
2.2 with a p-value = 0.14. Based on these tests serial correlation, non-normality,
heteroskedasiticity and functional form misspecification are not problems based on the 5
per cent threshold level.

The model also included a set of ad hoc time dummies. In total, there were a total of 10 time
dummies included in the specification, and all are statistically significant. As the table
suggests, the time dummies tend to cluster in the late-1970s/early-1980s period, and may
be capturing the considerable uncertainty in this period relating to future oil prices (i.e.
the OPEC-driven oil price shock of 1979). Nevertheless, the inclusion of these dummies is
important from a statistical point of view. When the model is estimated without them,
most of the test statistics (discussed above) fail. These residuals are shown in Table A7.

Table A7: Statistically Significant Residuals from Short-run Model of the Price
of Gold

Year Month Sign Residual t-value
1976 November Positive 0.121 4.1
1978 November Negative -0.094 -3.1
1979 September Positive 0.154 5.1
1979 December Positive 0.138 45
1980 January Positive 0.351 1.4
1980 March Negative -0.119 -3.5
1980 June Positive 0.117 3.9
1981 July Negative -0.105 -3.5
1982 March Negative -0.114 -3.8
1982 April Positive 0.109 35
1982 May Negative -0.099 -3.2
1982 September Positive 0.203 6.6
1983 March Negative -0.124 4.1
1986 September Positive 0.092 3.1
1999 October Positive 0.150 5.0

Before exploring these time shocks further, it is worth noting the parameter estimates
are consistent with the main hypotheses regarding the determinants of short-run
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movements in the price of gold. These finding are discussed in detail in Section 3, so will
not be elaborated on here. In brief:

(1) AlnPg is statistically significant at lags of one and three months. with
positive and negative signs respectively.

N

Tysa IS statistically significant at a lag of one month with a positive sign.

*8)

AV/(m)ysa is statistically significant at a lag of one month with a positive sign.

—_ = = = = =

AInER is statistically significant at a lag of one month with a negative sign.

Ul

ARg is statistically significant at a lag of three months with a negative sign.

©)

ACRDP is statistically significant at a lag of one month with a positive sign.

— o~ e~ e~ e~ —

ecm, the error correction mechanism, is statistically significant with a
negative sign

Although the parameters of the model suggest that supply and demand factors affect
the price of gold in the short-run, the fact that the model needs to include a large
number of ad hoc time dummies is problematic. In an ideal world, we would have
variables that precisely measure what the underlying factors are that are causing these
period effects. One hypothesis, discussed in Section 2, is that price of gold in the short-
run is affected quite dramatically by political risk and uncertainty.

In order to explore this further, we estimate a series of models that include measures of
what can be termed “political risk”. This variable is only available for 1984 to 2005. This is
clearly not ideal, but the problem is that such measures are a relatively new invention
and we were unsuccessful at finding any monthly measure of this type available before
1980. In order to explore the potential importance of political risk, Equation (A1) was
estimated across the shorter time period.

Table A8 shows the parameters of the political risk variable from this analysis. In the specification
that includes the index based on 143 countries, the effect is statistically significant at the
10 per cent level but the sign is opposite to what is expected. However, when the index
only includes the “Top 10” oil producers, the variable is statistically significant at the 5 per
cent level (on a one-tail test) with the expected negative sign at a lag of four months.
When the “Top10” index excludes the USA, the sign remains negative but the effect is
weaker but is also statistically significant at the 5 per cent level (on a one-tail test). This
analysis provides evidence that it is the political risk and uncertainty associated with oil
producing countries that puts upward pressure on the price of gold in the short-run.

Table A8: Political Risk and Uncertainty Estimates

Specification Countries Included in Risk Index | Lag Length Parameter t-statistic
1 All 143 countries 0 0.0078 1.8

2 Top-10 oil producers 4 -0.0027 2.6

3 Top-10 oil producers minus USA 4 -0.0016 19

Note: Time period is 1985(6)-2005(8). Other explanatory variables included but parameters not shown
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