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1. Introduction

The precious metals have been used as media of exchange and stores of value for millennia. Many investors have investments in gold or silver, in various forms, in their portfolios. Yet in spite of their popularity as investments, there has been very little research on their performance as compared with the research on stocks or bonds. This research examines the investment performance of the metals using the traditional asset pricing models used to evaluate securities.
We find that an investment in gold bullion adds virtually no systematic risk to an investor’s portfolio. An estimate of the capital asset pricing model yields a beta that is statistically indifferent from zero. This is consistent with the returns on gold for the period from 1970 to 2003, which have been just slightly higher than the Treasury Bill rates. Estimates of the CAPM for silver also result in a zero estimated beta, but silver has had returns that are far lower than the Treasury Bill rate.
Estimates of the arbitrage pricing model reveal that gold has a strong ability to hedge against inflation risk, and can thus be a very useful addition to an investor’s portfolio. Silver can also be useful in hedging inflation, but the evidence is weaker. 
In the most important contribution in this research, we find that the time series of both gold and silver prices are cointegrated with the Consumer Price Index in the U.S. This shows that the stochastic movements of the metals and the aggregate price level have a common trend, which reinforces the finding that they are useful inflation hedges.
Our conclusion is that gold can be a useful addition to many investment portfolios, virtually uncorrelated with stock returns and also a good hedge against inflation risk. Silver has had historical returns that are too low, and its ability to hedge inflation risk is less consistent than that of gold.
Section 2 describes the data. Section 3 examines some basic statistics about the metals. Section 4 looks at estimates of the Capital Asset Pricing Model for the metals. Section 5 looks at estimates of the Arbitrage Pricing Model.  Section 6 shows the tests  for unit roots and cointegration. Section 7 concludes.
2. Data

The precious metals data consist of the month-end spot prices for gold and silver. These were obtained from Datastream and begin with 1970. The continuously-compounded returns for each time horizon are computed by taking the change of the log spot prices from the beginning to the end of the period.
For comparison purposes and for use in the asset pricing models, the following data are utilized:
(1) U.S. Inflation: Log change of the CPI-U

(2) Interest rates on U.S. Treasury bills: 30 day, 90 day, and one year maturities
(3) Returns on U.S. MSCI stock portfolio

(4) Returns on World MSCI stock portfolio, U.S. dollar-denominated. This shows the returns a U.S. investor earns if he does not hedge his foreign exchange risk

(5) Returns on World MSCI stock portfolio local currency – denominated. This shows the returns an investor living anywhere in the world earns if he completely hedges the foreign exchange risk

(6) Quarterly real GDP for the U.S., from the Commerce Department
(7) Monthly U.S. industrial production

(8) Spot exchange rates for the Swiss Franc, Japanese Yes, and British Pound, computed as the number of U.S. dollars per unit of foreign currency.
(9) Default Spread: Difference between the yield to maturity of Baa corporate bonds and U.S. Treasury notes. Both with ten year maturity.

(10) Term Spread: Difference between the Yield to Maturity of ten year U.S. 
Treasury notes and 90 day U.S. Treasury bills
3. Basic Statistics

Tables 1, 2, and 3 show summary statistics for the annual, quarterly, and monthly log returns on the spot prices of gold and silver for 1970 to 2003. Both of the metals have returns inferior to the MSCI U.S. stock index, and higher volatility. Gold has a return just slightly higher than U.S. Treasury bills over the same period. According to Jaffe (1989) the reason why gold has a lower return than other risky assets is due to nonpecuniary benefits. First, gold has liquidity value. It is the most liquid asset in times of catastrophe, and thus investors are willing to pay a premium price for it. Secondly, gold has consumption value as it is used in jewelry. An owner of gold jewelry receives utility that an owner of stocks or bonds does not. Finally, gold has a convenience value in production. A producer of gold jewelry holds gold in order to avoid stockouts, receiving a convenience yield. Silver has a return that is lower than Treasury bills and even lower than the inflation rate that prevailed from 1970 – 2003. The low return on silver may be due to the same reasons stated by Jaffe for gold. 
In the second panel of each of the first three tables we examine the simple correlations between the metals and several financial and macroeconomic variables. Gold shows a fairly high positive correlation of 0.445 with the consumer price index on an annual basis. The correlation decreases with as the time horizon decreases, but remains positive. It also has high positive correlations with the Swiss Franc and British Pound. Silver has much lower correlations with these variables, even though it shows a large positive correlation with gold. 
4. Estimates of the Capital Asset Pricing Model

In order to estimate the Capital Asset Pricing Model of Sharp (1964) and Lintner (1965) for the precious metals, the following ordinary least squares regression is run:
(1)
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where Ri,t is the return on metal i, Rf,t  is the risk free rate (Yield on a U.S. Treasury Bill with maturity equal to the investment horizon), and Rm,t is the return on the market portfolio. We use three different proxies for the market portfolio: MSCI U.S. index, MSCI World local currency – denominated index, and MSCI World U.S. dollar - denominated index. 
The results for gold and silver from 1970 to 2003 are in tables 4, 5, and 6. The first thing we note is that the adjusted R-squares are close to zero. All of the estimated beta coefficients for gold are statistically indifferent from zero. The beta coefficients for silver, using the world portfolios as the market proxy and the shorter investment horizons, are significant at the 95% level. The results show that neither metal bears much, if any, systematic, or market risk. There is some evidence of a positive market beta for silver, but this is nullified by the low R-squares. From table 1 we recall that gold has a mean return over the 1970 – 2003 period that is just higher than the return on Treasury bills. Gold is effectively behaving as a zero-beta asset. Silver on the other hand shows higher volatility than gold, a lower return than TBills, and a hint of a positive market beta. We conclude that gold can be useful as an asset that bears virtually no market risk, yet has a positive risk premium. These results show that gold can be a useful addition to an investor’s portfolio, but that the CAPM does not show any advantage to investing in silver.
The CAPM is limited in usefulness as a tool for investment analysis because it lumps all sources of risk into one set. Our next step will be to evaluate the investment potential of the metals using a model that considers multiple sources of risk, the arbitrage pricing model of Ross (1976).

5. Estimates of the Arbitrage Pricing Model

The Arbitrage Pricing Model of Ross (1976) provides a framework with which to evaluate an asset’s exposure to multiple sources of risk simultaneously. We consider the following sources of risk:
(1) Market risk: Using the MSCI World U.S. dollar – denominated portfolio as the proxy. This proxy for the market portfolio showed the strongest relations with the precious metals in the CAPM regressions.
(2) Default spread: Difference between the yield to maturity of Baa Corporate Bonds and U.S. Treasury Notes, lagged one period. Both with ten year maturity. The default risk captures a long-term cycle in general business risk. It generally spans over several business cycles.

(3) Term Spread: Difference between the Yield to Maturity of ten year Treasury Notes and 90 day Treasury Bills, lagged one period. Captures the discount rate risk, which usually tracks the business cycle fairly close.

(4) Change in U.S. industrial production, leading one period. 
(5) Change in the log U.S. CPI inflation rate. This includes both expected and unexpected changes in inflation.

The arbitrage pricing model is estimated by running the following regression:

(2) 
[image: image2.wmf]1

,

)

,

,

(

,

,

,

-

+

-

+

=

-

t

DEF

def

i

t

f

R

t

m

R

m

i

i

t

f

R

t

i

R

b

b

a



[image: image3.wmf]t

t

din

i

t

ind

i

t

ter

i

DIN

IND

TER

e

b

b

b

+

+

+

+

+

-

,

1

,

1

,


where DEFt-1 is the default spread, TERt-1 is the term spread, INDt+1 is the change in industrial production and DINt is the change in the inflation rate. This version of the model makes the risk premium on the metal equal to a constant, plus its market beta times the market risk premium, plus its betas on each of the other risk factors, times the risk factors. Any of the betas can be positive or negative. 
The regressions are run both with and without the market risk factor. Table 7 shows the results of the regressions for annual and quarterly data. Table 8 shows the regressions for monthly data. With the annual data we see that the regressions for gold show adjusted R-squares of 0.402 and 0.418. Gold has positive, statistically significant regression coefficients on the industrial production and change in inflation risk factors. This shows that gold is indeed a good hedge against inflation at the annual horizon. Silver also shows positive, statistically significant coefficients on the inflation risk factor, although the adjusted R-squares are much lower than for gold. For the quarterly and monthly data, the R-squares for gold and silver are all close to zero. We conclude from the estimates of the arbitrage pricing model that gold and silver show evidence of favorable hedging against inflation risk, over the longer time horizon.
6. Testing for Cointegration Between the Metals and Inflation

Another way to rest for a relation between the metals prices and inflation is to test for cointegration. Two or more random variables are cointegrated if they have a common stochastic trend. This means that their unpredictable movements are related. Thus, if gold prices (or silver prices) and aggregate consumer prices are cointegrated, we have additional evidence that the metal is a good hedge against inflation risk.
In order to test for cointegration, we must first test each of the variables separately, in order to determine whether they have a stochastic trend, also known as a unit root. A time series variable can be random and still be stationary, i.e. its distribution will not change over time. Or the variable can be nonstationary, such that its mean or other moments might change over time, resulting in a stochastic trend. In its simplest form, the test for nonstationarity or unit root, involves regressing the variable on its once-lagged value:
(3) 
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If the absolute value of β is less than one, then the series is stationary. Any shocks to the series will eventually die out and thus there will be no stochastic trend. If the absolute value of β is greater than or equal to one, then any shocks to the series will be permanent and the series is nonstationary, thus having a stochastic trend. In such a case, since the estimated value of β is greater than or equal to one, we say the series has a unit root. We test the data using two different tests. The first one is the Dickey-Fuller-GLS test of Elliott, Rothenberg, and Stock (1996) that tests for the null hypothesis of unit root nonstationarity, versus the alternate hypothesis of stationarity. The second test is that of Kwiatkowski, Phillips, Schmidt, and Shin (1992), hereafter referred to as the KPSS test. The KPSS test has the null hypothesis of stationarity versus the alternate hypothesis of unit root nonstationarity. 
Table 9 shows the results of the unit root tests for monthly data. In all cases but one, both tests show all of the variables to be nonstationary in levels and stationary in first differences. The only exception is for the CPI data, which the KPSS test shows to be nonstationary in first differences as well as levels. This contradicts the results from the Dickey-Fuller-GLS test, but does shows that the CPI has a stochastic trend, as do the other variables when tested in levels. From this point we may proceed to the test for cointegration, to see if the price levels and the metals have a common stochastic trend.
Table 10 shows the results of two tests for cointegration: The Johansen trace test and the Johansen maximum eigenvalue test. We test for a cointegrating relation between gold prices and the CPI, and also between silver prices and the CPI. Both tests for both metals show strong support for the existence of one cointegrating equation, i.e. a common stochastic trend that relates the two variables. This shows that there is an equilibrium relation between the prices of all goods and services measured in the CPI, and the prices of each of the two metals, and that their stochastic movements are coordinated. We conclude from these cointegration tests that there is evidence of the ability of both gold and silver to hedge against inflation risk.
7. Conclusions

Gold shows the characteristics of a zero-beta asset. It has a mean return that is just slightly higher than that of Treasury Bills. Silver has returns that are lower than the Treasury Bills. Estimates of the CAPM and the APT show that both gold and silver bear virtually no market risk, their estimated betas are statistically indifferent from zero.
Both gold and silver show evidence of inflation-hedging ability, with the case being much stronger for gold than for silver. Both gold and silver prices are cointegrated with consumer prices, showing that their stochastic movements are related.
Table 1
Summary Statistics: Gold and Silver

Annual Data: 1970 - 2003

	
	Gold
	Silver
	US Inflation
	US TBills*
	US Stocks†

	Mean Annual Return
	7.27%
	3.52%
	4.67%
	6.68%
	10.31%

	Standard Deviation
	25.26%
	39.05%
	3.03%
	3.03%
	16.92%



	First-order Autocorrelation
	0.313
	-0.066
	0.729
	0.814
	0.099


Correlations Between Returns on Metals and Financial/Economic Variables:

	
	Gold


	Silver



	Gold
	
	0.764

	Silver
	0.764
	

	World Stock Portfolio – US $ Denominated †
	-0.166
	-0.053

	World Stock Portfolio – Local Currency Denominated †
	-0.283
	-0.079

	US Stock Portfolio†
	-0.342
	-0.109

	US TBills*
	0.036
	-0.075

	ΔCPI-U
	0.445
	0.243

	ΔReal GDP
	0.013
	0.080

	ΔIndustrial Production
	-0.068
	0.045

	ΔSwiss Franc
	0.480
	0.214

	ΔJapanese Yen
	0.135
	-0.200

	ΔBritish Pound
	0.442
	0.221


* 1 year U.S. Treasury Bills

† Annual returns on the MSCI portfolios

Table 2
Summary Statistics: Gold and Silver

Quarterly Data: 1970 - 2003

	
	Gold
	Silver
	US

Inflation
	US TBills*
	US Stocks†

	Mean Annualized Return
	7.27%
	3.52%
	4.67%
	6.21%
	10.31%

	Standard Deviation
	10.82%
	16.29%
	0.89%
	2.86%
	8.65%

	First-order Autocorrelation
	0.1034
	-0.0241
	0.585
	0.903
	0.050


Correlations Between Returns on Metals and Financial/Economic Variables:

	
	Gold


	Silver



	Gold
	
	0.614

	Silver
	0.614
	

	World Stock Portfolio – US $ Denominated †
	0.071
	0.145

	World Stock Portfolio – Local Currency Denominated †
	-0.048
	0.102

	US Stock Portfolio†
	-0.080
	0.104

	US TBills*
	-0.119
	-0.181

	ΔCPI-U
	0.212
	0.046

	ΔReal GDP
	-0.004
	-0.040

	ΔIndustrial Production
	-0.108
	-0.025

	ΔSwiss Franc
	0.475
	0.240

	ΔJapanese Yen
	0.282
	0.048

	ΔBritish Pound
	0.356
	0.160


* 90 day U.S. Treasury Bills

† Quarterly returns on the MSCI portfolios

Table 3
Summary Statistics: Gold and Silver
Monthly Data: 1970 - 2003

	
	Gold
	Silver
	US

Inflation
	US TBills*
	US Stocks†

	Mean Annualized Return
	7.27%
	3.52%
	4.67%
	6.00%
	10.31%

	Standard Deviation
	6.06%
	9.61%
	0.34%
	2.81%
	4.54%

	First-order Autocorrelation
	0.046
	0.010
	0.605
	0.970
	0.017


Correlations Between Returns on Metals and Financial/Economic Variables:

	
	Gold


	Silver



	Gold
	
	0.660

	Silver
	0.660
	

	World Stock Portfolio – US $ Denominated †
	0.112
	0.196

	World Stock Portfolio – Local Currency Denominated †
	0.018
	0.158

	US Stock Portfolio†
	-0.032
	0.109

	US TBills*
	-0.043
	-0.109

	ΔCPI-U
	0.123
	0.028

	ΔIndustrial Production
	-0.047
	-0.065

	ΔSwiss Franc
	0.366
	0.203

	ΔJapanese Yen
	0.203
	0.059

	ΔBritish Pound
	0.262
	0.146


* 30 day U.S. Treasury Bills

† Monthly returns on the MSCI portfolios

Table 4
Estimates of the CAPM for Gold and Silver

Annual Data: 1970 – 2003
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	Gold
	U.S. ¹
	0.024

(0.498)
	-0.502

(-1.681)
	0.085



	Gold
	World – local currency ²
	0.017

(0.346)
	-0.450

(-1.525)
	0.057



	Gold
	World – US$ denominated ³
	0.014

(0.263)


	-0.254

(-0.763)
	-0.002

	Silver
	U.S.


	-0.024

(-0.395)
	-0.202

(-0.683)
	-0.023

	Silver
	World – local currency


	-0.028

(-0.473)
	-0.157

(-0.532)
	-0.027

	Silver
	World – US$ denominated


	-0.029

(-0.464)
	-0.083

(-0.270)
	-0.030


¹ Returns on the MSCI U.S. stock portfolio. 

² Returns on the MSCI World local currency – denominated portfolio

³ Returns on the MSCI World US$ - denominated portfolio

Robust t-statistics in parentheses computed using the method of Newey and West (1987).

Table 5
Estimates of the CAPM for Gold and Silver

Quarterly Data: 1970 – 2003
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	Gold
	U.S. ¹
	0.003

(0.286)


	-0.074

(-0.655)
	-0.004

	Gold
	World – local currency ²
	0.003

(0.249)
	-0.037

(-0.383)


	-0.007

	Gold
	World – US$ denominated ³
	0.002

(0.132)


	0.116

(1.197)
	0.001

	Silver
	U.S.


	-0.009

(-0.617)
	0.231

(1.574)
	0.008

	Silver
	World – local currency


	-0.008

(-0.582)
	0.236

(1.744)
	0.007

	Silver
	World – US$ denominated


	-0.010

(-0.665)
	0.318*

(1.997)
	0.020


¹ Returns on the MSCI U.S. stock portfolio. 

² Returns on the MSCI World local currency – denominated portfolio

³ Returns on the MSCI World US$ - denominated portfolio

* Statistically significant at 95% confidence

Robust t-statistics in parentheses computed using the method of Newey and West (1987).

 Table 6
Estimates of the CAPM for Gold and Silver

Monthly Data: 1970 – 2003
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	Gold
	U.S. ¹
	0.001
(0.364)


	-0.036
(-0.430)
	-0.002

	Gold
	World – local currency ²
	0.001
(0.301)


	0.033
(0.372)
	-0.002

	Gold
	World – US$ denominated ³
	0.001
(0.159)


	0.167
(1.838)
	0.011

	Silver
	U.S.


	-0.003
(-0.599)
	0.238
(1.609)
	0.010

	Silver
	World – local currency


	-0.003
(-0.637)
	0.380*
(2.176)
	0.024

	Silver
	World – US$ denominated


	-0.004
(-0.739)
	0.451*
(2.381)
	0.038


¹ Returns on the MSCI U.S. stock portfolio. 

² Returns on the MSCI World local currency – denominated portfolio

³ Returns on the MSCI World US dollar - denominated portfolio

* Statistically significant at 95% confidence

Robust t-statistics in parentheses computed using the method of Newey and West (1987).

Table 7
Estimates of the Arbitrage Pricing Model

1970 – 2003: Annual and Quarterly Data
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Annual Data:
	Metal
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	Gold
	0.057

(0.376)
	-0.132

(-0.523)
	-0.040

(-0.592)
	-0.013

(-0.757)
	2.208*

(2.503)
	8.461**

(4.078)
	0.402

	Gold
	0.049

(0.326)
	
	-0.034

(-0.486)
	-0.016

(-1.093)
	2.043*

(2.234)
	8.753**

(4.360)
	0.418

	Silver
	0.066

(0.329)
	-0.100

(-0.259)
	-0.096

(-0.983)
	0.020

(0.522)
	3.040

(1.605)
	9.623*

(2.517)
	0.198

	Silver
	0.061

(0.313)
	
	-0.091

(-0.994)
	0.017

(0.505)
	2.915

(1.735)
	9.844*

(2.784)
	0.225


Quarterly Data:

	Metal
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	Gold
	0.046

(1.131)
	0.161

(1.328)
	-0.017

(-0.998)
	-0.007

(-0.678)
	-0.020

(-0.047)
	0.222

(0.192)
	-0.010

	Gold
	0.044

(1.057)
	
	-0.016

(-0.942)
	-0.006

(-0.587)
	0.192

(0.560)
	-0.208

(-0.170)
	-0.014

	Silver
	0.029

(0.460)
	0.222

(1.349)
	-0.020

(-0.835)
	-0.001

(-0.047)
	0.754

(0.937)
	-0.636

(-0.230)
	0.006



	Silver
	0.024

(0.371)
	
	-0.018

(-0.743)
	0.001

(0.038)
	1.046

(1.522)
	-1.230

(-0.458)
	0.004


Robust t-statistics in parentheses computed using the method of Newey and West (1987).

* Statistically significant at 95% confidence. ** 99% confidence.

βi,m is the market beta. βi,def is the beta on the default spread. βi,ter is the beta on the term spread. βi,ind is the beta on the change in industrial production. βi,din is the change in the inflation rate. DEF is the default spread. TER is the term spread. IND is the change in industrial production. DIN is the change in the inflation rate.
Table 8

Estimates of the Arbitrage Pricing Model

1970 – 2003: Monthly Data
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Monthly Data:

	Metal
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	Gold
	0.005
(0.413)
	0.182

(1.982)
	-0.001

(-0.191)
	-0.002

(-0.505)
	0.116

(0.902)
	1.682

(1.718)
	0.012

	Gold
	0.002

(0.184)
	
	0.000

(0.051)
	-0.001

(-0.357)
	0.122

(0.923)
	1.539

(1.556)
	-0.001

	Silver
	-0.001

(-0.044)
	0.463*

(2.527)
	0.000

(-0.002)
	-0.002

(-0.414)
	0.562**

(2.611)
	2.109

(1.404)
	0.049

	Silver
	-0.009

(-0.363)
	
	0.003

(0.381)
	-0.001

(-0.168)
	0.577**

(2.577)
	1.744

(1.107)
	0.010


Robust t-statistics in parentheses computed using the method of Newey and West (1987).

* Statistically significant at 95% confidence. ** 99% confidence.

βi,m is the market beta. βi,def is the beta on the default spread. βi,ter is the beta on the term spread. βi,ind is the beta on the change in industrial production. βi,din is the change in the inflation rate. DEF is the default spread. TER is the term spread. IND is the change in industrial production. DIN is the change in the inflation rate.
Table 9
Unit Root Tests

Monthly Data

Dickey-Fuller – GLS tests

Null Hypothesis: Unit Root Nonstationarity

	
	Period
	t-statistic
Data in levels
	t-statistic

Data in First Differences

	Gold
	1970 – 2003
	-1.531
	-18.988

	Silver
	1970 – 2003
	-2.312
	-12.650

	CPI
	1970 - 2003
	-1.001
	-3.793

	Pound
	1971 – 2003
	-1.661
	-17.837

	Swiss Franc
	1971 – 2003
	-1.902
	-17.995

	Yen
	1971 - 2003
	-2.193
	-18.540


Critical values: 1%: -3.480, 5%: -2.890, 10%: -2.570
Kwiatkowski-Phillips-Schmidt-Shin (KPSS) tests
Null Hypothesis: Stationary

	
	Period
	LM-statistic
Data in levels
	LM-statistic

Data in First Differences

	Gold
	1970 – 2003
	0.434
	0.054

	Silver
	1970 – 2003
	0.273
	0.034

	CPI
	1970 - 2003
	0.279
	0.203

	Pound
	1971 – 2003
	0.261
	0.036

	Swiss Franc
	1971 – 2003
	0.232
	0.046

	Yen
	1971 - 2003
	0.189
	0.047


Critical values: 1%: 0.216, 5%: 0.146, 10%: 0.119

Table 10
Johansen Tests for Cointegration 

Monthly Data: 1970 - 2003

A: Series: Gold and CPI
Trace Test:

	Hypothesized No. of CEs
	Eigenvalue
	Trace Statistic
	0.05 Critical Value
	P – value*

	None
	0.103
	44.887
	15.495
	0.000

	At most 1
	0.002
	0.683
	3.841
	0.409


Maximum Eigenvalue Test:

	Hypothesized No. of CEs
	Eigenvalue
	Max – Eigen Statistic
	0.05 Critical Value
	P – value*

	None
	0.103
	44.204
	14.265
	0.000

	At most 1
	0.002
	0.683
	3.841
	0.409


B: Series: Silver and CPI

Trace Test:

	Hypothesized No. of CEs
	Eigenvalue
	Trace Statistic
	0.05 Critical Value
	P – value*

	None
	0.151
	66.599
	15.495
	0.000

	At most 1
	0.000
	0.142
	3.841
	0.706


Maximum Eigenvalue Test:

	Hypothesized No. of CEs
	Eigenvalue
	Max – Eigen Statistic
	0.05 Critical Value
	P – value*

	None
	0.151
	66.457
	14.265
	0.000

	At most 1
	0.000
	0.142
	3.831
	0.706


All tests indicate one cointegrating equation at the 0.05 level.

*MacKinnon, Haug, and Michelis (1999) p – values
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