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I. Abstract

Gold is an important precious metal used for value storage, investment, in jewelry, etc. Equities
provide partial ownership in businesses to shareholders, and both, gold and equities, are popular
asset classes among investors. This thesis focuses on (a) gold and equities as a hedge against
inflation; and (b) the relationship between gold and equities, unrelated to inflation, to understand
the widely-held belief of using gold as a safe haven asset during black swan events that
negatively impact the equity markets. The time series uses daily and monthly data, dating back to
1976- accounting, in aggregate, for (1) the foreign exchange rate change from fixed to floating,
(2) elimination of price controls in the U.S. and (3) the abolishment of the gold standard.

Based on the results from this thesis, gold futures display properties of being a hedge against
inflation over the entire time series (1976-2018) as opposed to equities. Moreover, gold futures
do not exacerbate volatility in down-markets, whereas equities amplify it causing a negative
spiraling effect in volatile markets. Thus, gold futures are a less-risky asset during down-markets
compared to equities. Lastly, gold futures and equities exhibit a statistically significant
correlation during three recessions, but not during the most recent two recessions. Hence, there is
no definite relationship that can be predicted between the two asset classes during recessions and
generalized as a rule of thumb.
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II. Introduction

Gold has long been viewed as a hedge against inflation because investors tend to flock to assets
such as gold during rising prices. The underlying logic relies on the function of gold as a store of
value; it’s presumed to retain value in comparison to other asset classes such as bonds during
rising prices. Moreover, stocks and bonds have an in-built return in the form of dividends and
coupons, whereas gold does not. It derives a lot of its value from psychology where investors
invest for its store of value function compared to the fundamental characteristics of the
instrument itself. The limited supply of the commodity also provides the element of “rarity”, and
the historical background of the gold standard adopted by countries prior to 1971 adds to the
psychological effect. Hence, the demand for gold is largely driven by investor sentiment rather
than the non-existent fundamental returns built in to the instrument. The general phenomenon of
flight to safety is particularly magnified during black swan events i.e. systemic shocks or
unexpected events that manifest themselves most commonly as recessions in the stock market.
During these times, investors are said to flock to safe haven assets such as gold to protect their
downside and minimize the damage to their returns from a market downturn.
Equities, on the other hand, represent a claim to tangible property and real assets of companies.
Thus, when overall prices in the economy increase, stock prices should theoretically increase as
well due to the intrinsic pricing power of businesses that is reflected in the earnings. Moreover,
the real returns on equities are usually higher than bond returns during inflation accounting for
their differing risk profiles as well. However, equities are also sensitive to interest rates, which
have historically been used to target and control inflation as manifested through the Taylor Rule
(the relationship between inflation and interest rates where the latter tends to match the former to
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prevent the economy from overheating). Hence, it’s important to study the use of equities as a
hedge against inflation over time to comprehensively understand these properties in coherence
and determine whether gold or equities provide a better hedge against inflation; or whether they
both provide a good hedge. These properties are important for investors operating in various
capacities and strategies for implementation in portfolio allocation.

As stated earlier, gold has been viewed as a store of value for centuries and the gold standard
prior to 1971 was evidence of its perception in the minds of people as a safe asset. However,
gold additionally provides a natural hedge against inflation in the U.S. in terms of the currency
impact during inflation. Since gold rises in value during times of rising prices owing to its dollar
denomination, it offsets the erosion in value of the dollar cause by inflation. The supply of the
dollar is technically not finite since the Treasury can always print more, which causes investors
to panic and increases inflation. But gold’s limited supply enables it to hold its value compared
to the dollar during inflation. Thus, this partially explains the intuition for investors to view gold
as a hedge against inflation. Moreover, as mentioned earlier, equities represent a claim on real
assets of companies, which theoretically rise in value during inflation, providing a natural hedge.
However, this relationship might not hold true throughout the time series. Thus, this thesis aims
to analyze a large sample set going back to 1976 that provides the empirical evidence for the use
of gold and equities as an inflation hedge and gold as a safe haven asset against equities during
recessions.
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III. Literature Review

To learn more about the topic/hypothesis and gain a better understanding of the work done in this
area I have gone through several academic papers in financial and economic journals. There
were several papers that directly dealt with my research focus; however, I have briefly described
the most insightful ones due to space constraints.

The paper titled “Common Stocks as a Hedge Against Inflation” by Zvi Bodie in The
Journal of Finance examines the “effectiveness of common stocks as an inflation hedge”
in terms of reduction of an investor’s real return risk, which stems from uncertainty of
future levels of consumption goods prices. The methodology is foundational on a welldiversified portfolio of common stocks and nominal bonds in “their variance minimizing
proportions.” The paper aims to test the accuracy of the economic theory of considering
common stocks as an inflation hedge because they “represent ownership of physical
capital whose real value is assumed to be independent of the rate of inflation.” As an
approximation, it translates to an assumed positive correlation between common stock
returns and the rate of inflation. According to Bodie’s hypothesis, if common stocks
reduce the variance of real returns on nominal bonds by combining the two assets, they
(common stocks) serve as an inflation hedge.
Analyzing the annual, quarterly and monthly data from 1953-1972, the results indicated
that the real return on equity is negatively related to anticipated and unanticipated
inflation, in the short run. This was a counterintuitive result that went against economic
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theory, but it provides results for the short-term as opposed to economic theory, which is
based on the long-run.
The paper titled “The Fiscal and Monetary Linkage Between Stock Returns and
Inflation” by Robert Getske and Richard Roll in The Journal of Finance studies the
contradiction between economic theory and empirical results studying the relationship
between inflation and stock returns. The Fisherian economic theory suggests an implied
positive relationship between stock returns and rates of inflation (expected and
unexpected), but there is well-documented evidence (empirical) to prove that expected
inflation, unexpected inflation and changes in expected inflation are all negatively related
to stock returns (Fama and Schwert, Linter, Jaffe and Mandelkar, and Nelson). Empirical
evidence suggests that a rise in expected inflation causes stock prices to fall, and the
paper aims to provide the reason for this observed relationship. The driving factor
underlying the reasoning is as follows: Changes in stock returns predict changes in
government revenues and due to the largely fixed nature of government expenditures,
fluctuations in revenues cause periodic government deficits and associated increases in
government debt. This increase leads to an increase in expected future indirect tax
liabilities, both personal and corporate due to debt monetization and its resultant inflation.
Thus, as stock prices decrease, governments tend to run a deficit and due to monetization,
the expected inflation rises. This causes the negative correlation between stock price
changes and changes in expected inflation. The paper finds a firm fiscal and monetary
linkage from stock returns to money base growth. Thereby, “stock returns signal change
in nominal interest rates and changes in expected inflation.” Moreover, there is not
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enough evidence for “a real rate effect” although there is a higher likelihood of that in the
recent periods of the study (1983).
The paper titled “Stock Returns and Inflation: A Long-Horizon Perspective” by Jacob
Boudoukh and Matthew Richardson in The American Economic Review examines the
relation between stock returns and inflation over long horizons. This paper attempts to
analyze the Fisher Hypothesis over the long-run and analyze the empirical short-term
relationship between stock returns and inflation. The Fisher Hypothesis refers to the
expected nominal rates of return on assets moving one-to-one with expected inflation.
The empirical analysis consists of annual data on inflation, stock returns, and short-term
and long-term interest rates over 1802-1990. Upon conducting the tests, they found that
opposed to existing evidence over short-term horizons, “long-term nominal stock returns
are positively related to both ex ante and ex post long-term inflation.” Thus, nominal
stock returns are positively related to actual and expected inflation over long time
periods. This confirms the Fisher Hypothesis over the long-run. Moreover, the paper also
includes data from the U.K. stock markets and given the relatively low correlation
between the U.K. and U.S. stock markets, there are similar empirical findings about the
relation between nominal returns and inflation. Hence, this paper provides a long-term
view on the Fisher Hypothesis and how equities are positively correlated with ex post and
ex ante inflation, which is more relevant to my study since it spans a long time period and
aims to study a long-term relationship.
The paper titled “Is gold a safe haven? International evidence” from the “Journal of
Banking and Finance” addresses the issue across the developed and emerging/developing
markets from 1979 to 2009. Using econometric analysis via a principal regression model
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and the GARCH model, the authors observe that gold acts as a hedge against the stock
markets for the Euro countries, U.S. and Switzerland and acts as a safe haven during
periods of increased volatility (90% and 99% threshold). However, it only acts as a safe
haven during periods of extreme volatilities (99% threshold) for the U.S. and China. The
studies cover the 1987 October crash, the Asian crisis of 1997 and the subprime crisis of
2008.
The paper titled “Gold as a hedge against the dollar” from the “Journal of International
Financial Markets, Institutions and Money” deals with the hedging power of gold during
fluctuations in the foreign exchange value of the dollar over 30 years (1973-2004) using
autoregressive distributed lag models, conventional, threshold and exponential GARCH
models. The models and results yield the conclusion that gold is a hedge against the
dollar but the extent of its hedging power has varied over the time series. The economic
reasoning behind acting as a hedge is that gold is a homogenous asset and is easily and
continuously traded in the open market, its supply cannot be manipulated since it isn’t
produced by the authorities that print currency. Thus, the political and regulatory
authorities cannot debase the value of gold like they can with money supply. The
rationale behind the varying hedging power is that there could be a scenario where firms
view exchange-rate fluctuations as a temporary effect and ride it out rather than adjust
their portfolios. Moreover, problems in gold producing countries could affect private
sector attitudes to gold and lastly, governments may have varying attitudes towards gold
and this sovereign power effect is an important factor since countries are significant
holders of gold stocks.
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The paper titled “Gold and Gold Stocks as Investments for Institutional Portfolios” from
the “Financial Analysts Journal” analyzes several aspects of gold and gold stocks for
institutional portfolios ranging from 1971 to 1987 (after the gold standard was abolished),
which covers a time span where inflation peaked. The study yields a conclusion that there
wasn’t a significant relation between gold and consumer prices using regression analyses.
However, the author confirms that this could be a consequence of the “Retrieval
Phenomenon” that suggests that gold prices do not follow commodities, rather the
relation is reversed.

While none of the papers I read directly deal with the correlation between gold and fixed income
in an isolated manner, they briefly cover the topic and reach a consensus that gold does not have
a statistically significant correlation with fixed income over time (varying time horizons for
different studies); and this correlation is negligible using T-Bills and T-Bonds as proxies.
Moreover, I have discovered that my thesis topic related to gold hasn’t been covered widely in
academic journals. However, there has been plenty of academic work done on analyzing the
relationship between inflation and equities and the use of equities as a hedge against inflation. I
have accessed the databases of (1) Journal of Finance (2) Journal of Financial Economics (3)
Review of Financial Studies (4) American Economic Review (5) Quarterly Journal of Economics
(6) Journal of Political Economy and (7) Journal of Futures Markets, for papers on gold, equities
and inflation in the context of my topic.
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IV. Hypothesis

An important part of my thesis is to differentiate between a hedge and a safe haven. Typically,
the term “hedge” has been used to describe protection offered by an asset or security from
adverse price movements of another asset or security by displaying a strong correlation (positive
or negative) on average. On the other hand, a “safe haven” is used to describe similar protection
offered during times of market crashes or black swan events where there is a strong correlation
with the market over the short time period of the negative market shock, displaying a flight to
safety property. Moreover, safe haven assets exhibit lesser volatility during such black swan
events. This subtle difference between a hedge and safe haven is important since it has a big
impact on portfolio selection, analyzing empirical market behavior as well as determining the
observed historical predictive power through a lead-lag relationship. By dividing the larger time
series of data into smaller sub-divisions and running tests on both time series, I have made the
hedge-safe haven distinction for gold and equities as per the NBER recession cycles (the safe
haven hypothesis in this study relates to examining gold as a safe haven asset during equity
market declines in the U.S.).

Thus, I am testing three hypotheses in this study:
1. Gold as a hedge against inflation in the U.S.
2. Equities as a hedge against inflation in the U.S.
3. Gold as a safe haven asset against equities during black swan events in the U.S.

All three hypotheses being tested range from 1976-2018 and focus on the U.S. markets.
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V. Methodology and Data

I have used the following data points to analyze my hypothesis:
Equities:
S&P500 Index daily and monthly returns; Rt = ln (Pt / Pt-1)
Where: ‘R’ is the Return and ‘P’ is the Price
Source- WRDS (returns include dividends)
Commodities:
COMEX Gold Futures daily and monthly returns; Rt = ln (Pt / Pt-1)
Where: ‘R’ is the Return and ‘P’ is the Price
Source- Bloomberg
Macroeconomic Data:
CPI All Urban Consumers monthly rate; Rt = ln (Pt / Pt-1)
Where: ‘R’ is the Rate and ‘P’ is the Price
Source- FRED
*Rate of Returns are continuous time log returns

In terms of time horizon, I have matched the duration of each variable being analyzed to
maintain consistency throughout my analysis. However, there are certain metrics that aren’t
available on a daily basis such as inflation data (CPI). I have addressed this inconsistency by
using multiple time series matched with their respective frequencies to build several models that
fit each variable in a cohesive manner. Moreover, my dataset comprises of the listed data points
measured from 1976 as the starting point of my investigation given that this year factors in the
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shift to a floating exchange rate in the U.S. (1973), the end of price controls as well as a shift
from the gold standard (1971). Furthermore, I have compartmentalized the investigation into
three buckets: (1) the overall large sample size for the entire time-period ranging from 19762018 on a daily and monthly basis; (2) sub-periods to account for peaks and troughs of U.S. CPI
inflation; as well as (3) sub-periods where there were times of distress in the U.S. as defined by
the NBER, such as the Volcker period in the 1980s, the October crash of 1987, the fall of LTCM,
the dotcom bubble, the sub-prime crisis of 2008, to name a few. The third bucket is applicable to
test the safe haven hypothesis for gold during black swan events.
I have used log returns throughout the study to provide a comparable base as a scaling factor for
varying indices covering different asset classes with varying inputs, in continuous time.

I have conducted the following statistical tests to analyze the collected data:

1) GJR-DCC Correlation between gold futures and inflation (CPI) monthly data for the
entire time series and sub-periods.
2) GJR-DCC Correlation between equities and inflation (CPI) monthly data for the entire
time series and sub-periods.
3) GJR-DCC Correlation between gold futures and equities daily data for the 1976-2018
time series.
4) GJR-DCC Correlation between gold futures and equities daily data for the NBER
recession periods for the safe haven time series.
5) A GJR-GARCH model to analyze the data and characteristics of assets during times of
extreme volatility during which we see heteroscedasticity and a clustering of observation
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points rather than a linear pattern. This is widely observed during black swan
events/periods of extreme volatility, and can be used to analyze the data of the entire
time-period as well as of those sub-periods (as mentioned earlier) and is particularly
relevant to the safe haven test.
6) A simple regression and correlation between inflation and (1) gold futures; and (2)
equities using monthly data.
7) A multivariate analysis of inflation with gold futures and equities using monthly data.
8) A simple regression analysis of gold futures and equities for the entire daily time series
and the NBER recession time series.
*Using the log returns for Gold Futures (COMEX), Equities (S&P500) and Inflation (CPI data
for all urban consumers).

These methodologies have been used in the papers I read and are effective methods of analysis to
address the hypotheses.
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VI. Results Overview and Discussion

Based on my initial research through readings and my understanding of gold and equities, I
expected both assets to act as a hedge against inflation on average Moreover, I expected gold to
have a negative correlation with equities on average and a strong negative correlation with
equities during black swan events. However, I did not expect it to hold true for every sub-period.

Inflation Time-Series:

US Inflation CPI Rates
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Chart 1: CPI Log Rates (1976-2018)

The CPI log rate chart over the time series (1976-2018) above shows the peaks and troughs in
U.S. inflation for urban consumers. Accounting for spikes in the inflation data, I divided the time
series into the following sub-periods:
1. 1/1/1976 – 6/1/1982
2. 7/1/1982 – 10/1/2005
3. 11/1/2005 – 11/1/2008
4. 12/1/2008 – 12/1/2018
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The tests for the study are done based on the entire time series from 1976 – 2018 and the
aforementioned sub-periods to gain insight on the time-variant aspects on the overall dataset.

Summary Statistics:
Inflation, Gold Futures and Equities Descriptive Statistics

N is the number of non-missing values in the sample; N* is the number of missing values in the
sample; Skewness is a measure of asymmetry; SE Mean is the standard error of the mean; Q1 is
the first quartile (25th percentile); Q3 is the third quartile (75th percentile); Kurtosis measures
how different a distribution is from the normal distribution.

Table 1: Inflation, Equities and Gold Monthly Descriptive Statistics (1976-2018)
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Table 2: Inflation, Equities and Gold Futures Monthly Descriptive Statistics (Sub-periods)

Table 3: Gold Futures and Equities Daily Descriptive Statistics (1976-2018)
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Table 4: Gold Future and Equities Daily Descriptive Statistics (Sub-periods)

GJR-GARCH Volatility Analysis:
With the help of Rob Capellini at the Volatility Institute at Stern, I ran a GJR-GARCH volatility
analysis on gold futures and equities (S&P500) from 1976 to 2018.

The GJR-GARCH model:
I used the GJR-GARCH model since it was the best fit for the hypotheses. This model is used to
deal with volatility clustering, which is time-varying; a phenomenon often observed during
negative shocks and recessions (sharp spikes). The nature of the study requires us to probe how
gold and equities behave over time while accounting for volatility clustering.
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It is empirically observed that “negative shocks at time ‘t-1’ have a stronger impact in the
variance at time ‘t’ than positive shocks”1. This property is foundational for analyzing the safe
haven and hedging properties of assets over time.

A simplified version of the Mathematics behind the GJR-GARCH model reveals the following:
2
𝜎𝜎𝑡𝑡+1
= 𝜔𝜔 + 𝛼𝛼𝑟𝑟𝑡𝑡2 + 𝐼𝐼𝑟𝑟𝑡𝑡<0 𝛾𝛾𝑟𝑟𝑡𝑡2 + 𝛽𝛽𝜎𝜎𝑡𝑡2

Where 𝜔𝜔 is a constant, 𝛼𝛼 is the impact of ‘t’ return on 𝜎𝜎t+1, I is the indicator function, 𝛾𝛾 implies
the impact of ‘t’ return on 𝜎𝜎 if 𝑟𝑟𝑡𝑡<0 (return is negative), and 𝛽𝛽 is the impact of 𝜎𝜎t-1 on 𝜎𝜎t.

This equation can also be written as:
𝝈𝝈𝟐𝟐𝒕𝒕 = 𝝎𝝎 + 𝜶𝜶𝒓𝒓𝟐𝟐𝒕𝒕−𝟏𝟏 + 𝑰𝑰𝒓𝒓𝒕𝒕<𝟎𝟎 𝜸𝜸𝒓𝒓𝟐𝟐𝒕𝒕−𝟏𝟏 + 𝜷𝜷𝝈𝝈𝟐𝟐𝒕𝒕−𝟏𝟏

2
If we break down the equation into its components and focus on “𝐼𝐼𝑟𝑟𝑡𝑡<0 𝛾𝛾𝑟𝑟𝑡𝑡−1
", we can observe

that:

2
a. When 𝑟𝑟𝑡𝑡>0 this component portion simply yields 𝛼𝛼𝑟𝑟𝑡𝑡−1
; making the equation appear as:
2
2
+ 𝛽𝛽𝜎𝜎𝑡𝑡−1
𝜎𝜎𝑡𝑡2 = 𝜔𝜔 + 𝛼𝛼𝑟𝑟𝑡𝑡−1

2
2
b. When 𝑟𝑟𝑡𝑡<0 this component portion will yield 𝛼𝛼𝑟𝑟𝑡𝑡−1
+ 𝛾𝛾𝑟𝑟𝑡𝑡−1
; making the equation to be:
2
2
2
𝜎𝜎𝑡𝑡2 = 𝜔𝜔 + 𝛼𝛼𝑟𝑟𝑡𝑡−1
+ 𝛾𝛾𝑟𝑟𝑡𝑡−1
+ 𝛽𝛽𝜎𝜎𝑡𝑡−1

Thus, we can observe that the catalyst for this equation in the sub-parts a and b shown above is
the indicator function ‘I’. On positive return days, ‘I’ yields the value of 0, making the gamma
function void since it’s a positive return day. However, on negative return days, ‘I’ yields the

1 “GJR-GARCH

Documentation.” V-Lab, vlab.stern.nyu.edu/doc/3?topic=mdls.
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value of 1, making the gamma function active since it’s a negative return day. This is the
peculiar property of the GJR-GARCH model, as opposed to the GARCH model.
Equation ‘b’ indicates a negative return day:
2
2
2
𝜎𝜎𝑡𝑡2 = 𝜔𝜔 + 𝛼𝛼𝑟𝑟𝑡𝑡−1
+ 𝛾𝛾𝑟𝑟𝑡𝑡−1
+ 𝛽𝛽𝜎𝜎𝑡𝑡−1

Here, we place emphasis on the gamma value, since it’s indicative of impact of the negative
return day on the volatility of the next trading day.
I.

If 𝛾𝛾 > 0, the asset is riskier in a down-market since a negative return day increases the

volatility on the following trading day. It amplifies the volatility the following trading
day.
II.

If 𝛾𝛾 < 0, the asset offer protection against volatility since a negative return day

decreases the volatility on the following trading day. It acts as a hedge or reduces the
volatility the following trading day.
I am testing to see which asset (gold, equities or both) displays the quality of the hedge where
𝛾𝛾 < 0 and which asset amplifies volatility where 𝛾𝛾 > 0.
I used the GJR-GARCH model as opposed to simply using the GARCH model since the latter
does not account for the asymmetrical returns and the property of negative shocks serially
impacting variance (more than positive shocks). Thus, the GJR-GARCH model assigns values to
the gamma variable unlike the GARCH model where gamma = 0. This gives a more realistic
picture of returns and is more relevant to this study.
The results show a negative gamma for gold futures and confirm the initial hypothesis of gold
being a safe haven asset over time. The model accounts for clustered volatility as well as fat tails
21

Gold and Equities as a Hedge Against Inflation (1976-2018)

Mehta

(factored in by using the student-t distribution). The gamma value indicates the impact of
“today’s” return on volatility “tomorrow” if the return were negative. A negative gamma shows
that there will be a negative impact on volatility i.e. a decrease in volatility if it has been a
negative return day, which represents the property of a safe haven against market volatility.
Given the range of the time series from 1976-2018, the argument for gold futures having a
negative impact on volatility during negative return days on average is strong and verifiable.
After a negative return day, the volatility in gold reduces the following day. Thus, overall gold
by itself is a safe haven with respect to exhibiting lower volatility in response to shocks or
negative return days.
Moreover, equities do not exhibit the same property as gold. Equities amplify volatility after a
negative return day as seen in the students-t distribution analysis in the GJR-GARCH model,
where equities have a positive gamma value. This is representative of the common belief of large
changes following large changes in the equities market.
Thus, as the first test to analyze the properties and characteristics of the two asset classes, gold is
a safe haven asset intrinsically, in terms of not exacerbating negative return days in the form of
increased consequent volatility. Equities, on the other hand, are a volatile asset that increase in
volatility following shocks or negative return days. This observed property holds true from 19762018 on average. The safe haven argument produces the same conclusion with gold futures
displaying a negative gamma value and equities producing a positive gamma value. Thus,
dividing the time series into sub-periods and analyzing the relationship between gold and the
S&P500 during economic crises or recessions to truly observe the magnitude of the correlation
during black swan events opposed to analyzing it on average over a large time series produces
the same conclusion. Both assets themselves have opposing volatility properties in times of
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negative return days. This shows how gold futures are a proxy for risk-aversion due to the
negative gamma value opposed to equities.

Table 5: Equities GJR-GARCH Parameters

Variable Parameter T-Stat
omega
8.60E-07
3.702
alpha
0.011
2.905
beta
0.928
232.020
gamma
0.121
14.852
DoF
6.462
16.943
(α+ϒ)/α
11.740

Table 7: Equities GJR-GARCH Parameters (Safe Haven)

Variable Parameter
omega
4.14E-06
alpha
0.0356
beta
0.8928
gamma
0.1116
DoF
9.8550
(α+ϒ)/α
4.133

T-Stat
2.345
2.285
45.057
4.121
3.646

Table 6: Gold Futures GJR-GARCH Parameters

Variable Parameter T-Stat
omega
3.18E-07
1.643
alpha
0.069
12.373
beta
0.949
290.820
gamma
-0.035
-5.821
DoF
4.476
22.671
(α+ϒ)/α
0.489
Table 8: Gold Futures GJR-GARCH Parameters (Safe Haven)

Variable Parameter
T-Stat
omega
2.31E-06
1.435
alpha
0.113
4.754
beta
0.904
53.586
gamma
-0.035
-1.322
DoF
5.174
7.48E+00
(α+ϒ)/α
0.689

Where:
𝜔𝜔 (𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜)- constant

𝛼𝛼 (alpha)- impact of ‘t’ return on 𝜎𝜎t+1

𝛾𝛾 (gamma)- impact of ‘t’ return on 𝜎𝜎, if 𝑟𝑟𝑡𝑡<0 (return is negative)
𝛽𝛽 (𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏)- impact of 𝜎𝜎t-1 on 𝜎𝜎t

(𝛼𝛼 + 𝛾𝛾)/𝛼𝛼 - magnitude of negative return days on volatility in proportion to positive return days
As seen in the (𝛼𝛼 + 𝛾𝛾)/𝛼𝛼 values, equities display an enormous magnification of volatility on

negative return days compared to positive days. This holds true for both the entire time series as
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well as the safe haven sub-periods. Moreover, gold futures have a much less pronounced
magnitude, which is less than 1, following the underlying logic of the asset being a proxy for
risk-aversion.

Simple Correlation Summaries:
Inflation Hedge (Monthly Data)
1976-2018
Inflation and Equities
Inflation and Gold Futures

Correlation
-0.017
0.105

Table 9: Inflation, Gold Futures and Equities Correlations (1976-2018)

Inflation and Equities
Inflation and Gold Futures

1976-1982

1982-2005

2005-2008

2008-2018

-0.042
0.183

-0.105
0.115

0.248
0.081

0.050
-0.022

Table 10: Inflation, Gold Futures and Equities Correlations (Sub-periods)

Gold Futures vs. Equities (Daily Data)
1976-2018

Correlation

Gold Futures and Equities

-0.012

Table 11: Gold Futures and Equities Correlation (1976-2018)

Gold Futures and Equities

1976-1982

1982-2005

2005-2008

2008-2018

0.062

-0.056

-0.031

0.028

Table 12: Gold Futures and Equities Correlations (Sub-periods)

Gold Futures vs. Equities (Safe Haven Time Series- Daily Data)
Aggregate

Correlation

Gold Futures and Equities

0.034

Table 13: Gold Futures and Equities Correlation (Safe Haven- Aggregate)
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Jan 1980-July
1980

July 1981-Nov
1982

July 1990March 1991

March 2001Nov 2001

Dec 2007-June
2009

0.156

0.365

-0.383

-0.076

-0.063

Table 14: Gold Futures and Equities Correlations (Safe Haven- Sub-periods)

The correlation tables above show that gold futures have a stronger and positive correlation with
inflation over the entire time series and a generally positive relationship over the safe haven time
series apart from the last sub-period. This strengthens the argument for gold to be used as a
hedge against inflation. Equities fail to display such a correlation over both time series apart
from the last two sub-periods, where there has been an observed positive correlation. On the
other hand, gold futures display a negative correlation with equities over the entire time series
and varying correlations over the sub-periods. However, gold and equities have a positive
correlation on aggregate over the safe haven time series, but a varying directional correlation
over the sub-periods, with the last three recessions showing a negative correlation. However, all
the observed correlations are below 1 and it’s important to note that these are simple correlations
and the GJR-DCC Model and Regression Models better capture the statistical significance
observed in the correlations.

The GJR-DCC Model:
To study correlations over time, I have used a GJR-DCC model over the time series. This model
captures “correlation clustering” in financial time series where “the correlation is more likely to
be high at time ‘t’ if it was also high at time ‘t-1’”. Thus, it captures the impact of shocks
(usually negative) on correlation on consequent days. The two parts of this model comprise (a)
the GJR-GARCH model, and (b) the DCC model. The former captures conditional
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heteroskedasticity and the latter generalizes Bollerslev’s Constant Conditional Correlation
(CCC) to “capture dynamics in the correlation”.
The two parameters for this model are α and β. Alpha is the weight applied to information on the
current day, ‘t’, and Beta is the weight applied to all prior information to ‘t’. Usually, α, β > 0
and if α + β < 1, the correlation is mean reverting. However, these parameters are not informative
for the purposes of this thesis. The DCC correlations are the primary focus of the thesis.

The GJR-DCC model was used to analyze the correlations between Inflation (CPI) and Gold
Futures; Inflation (CPI) and Equities; Gold Futures and Equities, over the entire time series as
well as over the NBER recession cycles.
The following results were obtained when taken as an average of the DCC results over the
specific time series:

Table 15: Gold Futures and Equities GJR-DCC Parameters

Variable Parameter T-Stat
alpha
0.016
13.158
beta
0.978
413.282
α+β
0.994

Table 17: Inflation and Gold Futures GJR-DCC Parameters

Variable Parameter T-Stat
alpha
0.010
1.680
beta
0.972
250.459
α+β
0.983

Table 16: Inflation and Equities GJR-DCC Parameters

Variable Parameter T-Stat
alpha
0.010
1.680
beta
0.972
250.459
α+β
0.983

Table 18: GJR-DCC Mean and Median Summaries

DCC (1976-2018)
Gold Futures and Equities (Daily)
Inflation and Equities (Monthly)
Inflation and Gold Futures (Monthly)

Mean Median
0.033 -0.045
0.043 0.045
0.105 0.101

The tables above show that gold futures and equities are weakly correlated, while inflation has a
low correlation with both gold futures and equities, but gold has a stronger correlation over time
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with inflation, thus displaying some properties of being used as a hedge since the returns on gold
increase with increasing inflation.

GJR-DCC: Gold Futures and Equities (Daily Log Returns)
0.6
0.4
0.2

-0.2

1/2/1976
3/2/1977
5/2/1978
6/29/1979
08/27/1980
10/27/1981
12/27/1982
2/23/1984
4/23/1985
6/20/1986
8/19/1987
10/17/1988
12/14/1989
2/13/1991
4/13/1992
6/11/1993
8/10/1994
10/9/1995
12/5/1996
2/5/1998
4/8/1999
6/6/2000
8/6/2001
10/8/2002
12/8/2003
2/8/2005
4/10/2006
6/11/2007
8/8/2008
10/8/2009
12/8/2010
2/8/2012
4/10/2013
6/10/2014
8/10/2015
10/7/2016
12/7/2017

0

-0.4
-0.6
Chart 2: GJR-DCC Gold Futures and Equities

The chart above shows how the DCC test captures a correlation between gold futures and
equities within the bounds of -0.46 and 0.46, varying with time, thus lacking a clear directional
relationship or a strong correlation.

Safe Haven NBER Cycles:
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Table 19: NBER Rececssion Cycles

GJR-DCC
Mean
Median

Jan 1980-July
1980
0.120
0.106

July 1981-Nov
1982
0.322
0.329

July 1990-March
1991
-0.371
-0.360

March 2001-Nov
2001
-0.093
-0.097

Dec 2007-June
2009
-0.111
-0.102

Table 20: GJR-DCC Mean and Median Summaries (Sub-periods)

While analyzing the NBER recession cycles and the safe haven asset test, we observe a generally
weak correlation between Gold Futures and U.S. Equities (SPX) over time with the exception of
the crises in the 1980s. While this does not prove a direct flight to safety to gold during downmarkets (U.S. equities), it proves the property of gold to not move with equities during sharp
downturns, showing that it is not directly opposed to the safe haven property of gold futures.

Regression Models for Inflation:
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I ran a simple regression model for the entire monthly time series from 1976-2018 to analyze the
relationship between CPI inflation (dependent variable) and (1) gold futures (independent
variable); and (2) S&P500 (independent variable). Moreover, I ran a multivariate regression over
the same time series and on the aforementioned variables with CPI inflation as the dependent
variable and found the following results:

Table 21: Regression Analysis- Inflation vs. Equities (1976-2018)
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Table 22: Regression Analysis- Inflation vs. Gold Futures (1976-2018)

Table 23: Multivariate Regression Analysis- Inflation vs. Equities and Gold Futures (1976-2018)
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Over the entire time series, we observe that equities are not a good hedge against inflation since
they have a high p-value of 0.703 and a t-value of -0.38, making the relationship insignificant.
However, gold futures and inflation display a significant relationship over the same time series.
Gold futures have a p-value of 0.017 and a t-value of 2.39, displaying statistical significance.
Moreover, gold futures have a coefficient value of 0.0061, showing a positive relationship with
inflation. Although the coefficient is not as large as perceived, it is statistically significant over
the long time-period. Thus, during rising prices, gold futures log returns rise as well, displaying
the trait of a hedge against inflation over the entire time series. Whereas, equities do not display
this characteristic and are a poor hedge against inflation. It’s also important to note that both
models have very low R-Sq. values due to the large sample size of the data set and the variance.
Moreover, it indicates that there are other missing variables (economic factors, other asset
classes etc.) that could better explain the models but which are not captured here. However, the
purpose of this study is to analyze gold futures and equities with respect to inflation. Hence, the
low R-Sq. is not a critical factor here.
On running a multivariate regression with gold futures and equities as the independent variables,
the R-Sq. improves slightly and the regression has a statistically significant p-value of 0.055, but
as we break down the components, gold futures is the major contributing factor to this
relationship where it has a positive coefficient and equities has a negative coefficient but the
latter has a statistically insignificant coefficient. Hence, it would be better to use gold futures as a
hedge against inflation rather than diversifying the portfolio and including equities as well.
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Regression models for the sub-periods:

Table 24: Regression Analysis- Inflation vs. Equities (1976-1982)

Table 25: Regression Analysis- Inflation vs. Equities (1982-2005)
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Table 26: Regression Analysis- Inflation vs. Equities (2005-2008)

Table 27: Regression Analysis- Inflation vs. Equities (2008-2018)
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Table 28: Regression Analysis- Inflation vs. Gold Futures (1976-1982)

Table 29: Regression Analysis- Inflation vs. Gold Futures (1982-2005)
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Table 30: Regression Analysis- Inflation vs. Gold Futures (2005-2008)

Table 31: Regression Analysis- Inflation vs. Gold Futures (2008-2018)
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Upon dividing the inflation time series into sub-periods, to capture periods of high and low
inflation over various years, there is no significant relationship with gold and equities. The subperiod where gold has a slightly significant relationship with inflation was during 1982-2005.
However, overall as seen earlier, gold futures are a good hedge against inflation as opposed to
equities on aggregate.

Regression models for the Safe Haven Test:
Conducting a simple regression on gold futures and U.S. equities (SPX) over the entire time
series as well as the recessions, the following results were obtained (with gold futures as the
dependent variable):

Table 32: Regression Analysis- Gold Futures vs. Equities (1976-1982)
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Table 33: Regression Analysis- Gold Futures vs. Equities (1982-2005)

Table 34: Regression Analysis- Gold Futures vs. Equities (2005-2008)
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Table 35: Regression Analysis- Gold Futures vs. Equities (2008-2018)

As seen in the above regression summaries, gold and equities have had a statistically significant
relationship during the first two sub-periods as indicated by the p-values. Moreover, the
directional coefficient for equities in both the sub-periods is different. The last two sub-periods
do not display a statistically significant relationship between gold and equities. Thus, there is no
clear relationship between gold and equities as a safe haven asset which can be formalized as a
rule of thumb.
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Table 36: Regression Analysis- Gold Futures vs. Equities (1976-2018)

The regression summary above shows a statistically insignificant relationship between gold
futures and equities over the entire time series using daily data. The last 14 years have played a
significant part in the results as proved by the sub-period regressions where interest rates in the
U.S. have been low as well (post the 2008 crisis).
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NBER Cycles:

Table 37: Equities and Gold Futures Daily Descriptive Statistics (Sub-periods)
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Table 38: Regression Analysis- Gold Futures vs. Equities (Jan 1980-July 1980)

Table 39: Regression Analysis- Gold Futures vs. Equities (July 1981-Nov 1982)
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Table 40: Regression Analysis- Gold Futures vs. Equities (July 1990-March 1991)

Table 41: Regression Analysis- Gold Futures vs. Equities (March 2001-Nov 2001)

42

Gold and Equities as a Hedge Against Inflation (1976-2018)

Mehta

Table 42: Regression Analysis- Gold Futures vs. Equities (Dec 2007-June 2009)

As seen in the regression summaries above, gold futures exhibit a safe haven property during the
following NBER recessions:
(1) January 1980 – July 1980 (2) July 1981 – November 1982 (3) July 1990 – March 1991
These first three recessions in the study have statistically significant p-values, compared to the
last and most recent two recessions (March 2001 – November 2001; December 2007 – June
2009), where the p-value was statistically insignificant.

Moreover, during the first three recessions, equities had varying coefficient signs, with the first
two displaying a positive coefficient (0.529 and 0.7086) and the third displaying a negative
coefficient (-0.4414). Thus, there isn’t an evident directional impact of U.S. equity log returns on
gold log returns during recessions. Moreover, the last two recessions haven’t shown a direct
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relationship between equities and gold futures. However, it’s important to consider the GJRGARCH model results about gold futures and equities where the former has a negative gamma
value and exhibits reduced volatility following negative return days, as opposed to the latter.
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VII. Summary and Conclusions

The data and results, in the volatility, correlation and regression models show that gold futures
are an effective hedge against inflation over the entire time series, as opposed to equities.
However, this does not hold true over the sub-periods where gold and equities have varying
relationships with inflation that are statistically insignificant on average. Additionally, the
coefficient for gold futures is very low at 0.00609 but it’s statistically significant over the time
series (1976-2018).
Moreover, as indicated by the GJR-GARCH model, gold futures are a less volatile asset during
market downturns whereas equities amplify volatility following negative return days.
The GJR-DCC model re-emphasizes the conclusion drawn from the regressions for gold futures
and equities with respect to inflation. The former provides a hedging opportunity against
inflation opposed to the latter.
For the safe haven hypothesis, there is no statistically significant relationship between gold
futures and equities in aggregate from the regression and DCC models. While this does not prove
the perceived strong negative correlation, it shows a lack of correlation during volatile times.
Moreover, the GJR-GARCH conclusion about volatility offers support for using gold as a safe
haven asset to reduce portfolio volatility over time. Thus, the strong negative correlation is not
observed for gold futures and equities during black swan events, but the former asset class can be
used to reduce volatility during negative shocks.
As a by-product of the research, we can observe that both gold futures and equities can be used
to diversify a portfolio during times of inflation, owing to the lack of correlation for equities and
the slightly positive correlation for gold futures.
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IX. Appendix

Table 43: Autocorrelation Function: Equities 1976-1982

Table 44: Autocorrelation Function: Equities 1982-2005

Table 45: Autocorrelation Function: Equities 2005-2008

Table 46: Autocorrelation Function: Equities 2008-2018

Table 47: Autocorrelation Function: Equities 1976-2018
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Table 48: Autocorrelation Function: Gold 1976-1982

Table 49: Autocorrelation Function: Gold 1982-2005

Table 50: Autocorrelation Function: Gold 2005-2008

Table 51: Autocorrelation Function: Gold 2008-2018

Table 52: Autocorrelation Function: Gold 1976-2018
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Table 53: Autocorrelation Function: Inflation 1976-1982

Table 54: Autocorrelation Function: Inflation 1982-2005

Table 55: Autocorrelation Function: Inflation 2005-2008

Table 56: Autocorrelation Function: Inflation 2008-2018

Table 57: Autocorrelation Function: Inflation 1976-2018
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