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1
Introduction
The United States central bank, the Federal Reserve (the Fed), has three influential roles in the economy: preventing inflation, keeping full economy, and acting as a lender of last resort to stabilize the financial system.  In order to achieve the optimal level of economic conditions subject to the broad objectives of price stability, economic expansion, and full employment, the Fed frequently exercises its given discretionary policy powers and monetary instruments.  Efficient or inefficient economic policy implementations by the Fed are not independent actions in an integrated market environment.  They reflect the degree to which the Fed pursues consistent objectives so that financial markets and the economy will react appropriately to the implemented policy.
The current global economic fiasco was initially originated in late 2007 by the collapse of the housing market that was followed by the subprime mortgage crisis in the U.S.; consequently, the U.S. economy started contracting from that period.  Financial institutions quickly recognized the magnitude of the problem and reacted appropriately by implementing a tight credit policy and a large reserve cash position.  This led to the beginning of the U.S. credit crunch in early 2008.  In March 2008, one of the prime investment banks in the U.S., Bear Stearns, collapsed.  This event set in place additional problems and created a pessimistic outlook for the U.S. economy, which subsequently contributed to a global economic crisis.

The financial system meltdown and various indicators of economic disaster began surfacing in late September 2008; meanwhile, commodity prices climbed to historic highs in the U.S. during this period, with policy makers not fully understanding the driving force behind the large increase.  According to a study by Lee and Zyren (2009), financial institutions partially contributed to the commodity price rise through greatly increased inter-temporal capital movements from the equity markets into the commodity markets.  This led us to believe that financial institutions were seeking super profits with a risky trading position and a real fundamental problem in the financial system was not being recognized by regulators and policy makers until the late 2008.  Unfortunately, during this time, activities leading to collapse of the U.S. financial system were not fully transparent to the public.  What was the role of the central bank in the U.S. to stabilize the financial turmoil?  How has the Federal Open Market Committee (FOMC) reacted on this crisis?  We clearly understand that the crisis in the financial institutions spilled over into other industries and eventually expanded today’s economic fiasco.  Even though the rate of speed for transmitting a problem from one institution to another in the U.S. is faster than ever due to a high degree of market and information integration, the problem still takes a finite length of time to develop into a real crisis.  This suggests that the root of the problem began long before the financial system crisis in 2008.  What could the regulators and the Fed have done to prevent or to mitigate the effects of the crisis?
The effectiveness of central bank policies has come under scrutiny in today’s environment, especially with the current economic crisis.  Although the Fed has had resounding success in restraining U.S. inflation since the early 1980s, its ability to simultaneously stabilize the financial system, boost employment, and stimulate economic growth has proved elusive in recent years.  There is no doubt that the ultimate objectives of the central bank’s monetary policy are maintaining price stability and fostering economic growth.  In order to achieve those objectives, the Fed frequently utilizes changes in the federal funds rate, which is the monetary policy instrument having the most direct and immediate effect on financial markets and eventually on real economic activity (Bernanke and Kuttner, 2005).  However, whether this tool has been appropriately utilized in a timely manner to maintain and sustain the Fed’s objective is an empirical question.  The Federal Open Market Committee (FOMC) has utilized this monetary policy instrument 43 times from January 2000 through December 2008, and currently, the federal funds rate is almost zero (shown in Figure 1).
  During this time period, the U.S. economy experienced a period of mild economic recession, then an expansion, and now a crisis.  While the effects of monetary policy actions are eventually expressed in terms of macroeconomic conditions, e.g., employment, inflation, and economic growth, the data for which are available quarterly or, at best, monthly intervals, changes in the federal funds rate (traditional monetary policy instrument) can immediately affect asset prices and returns in financial markets.  Thus, it is imperative to understand dynamic reactions and interactions among different financial markets in response to a change in monetary policy, the federal funds rate.
[Insert Figures 1 and 2 here]

The Fed’s asset position was 2 trillion dollars in June 2009, which is a large increase from 0.9 trillion dollars in June 2008 (shown in Figure 2).  This change in asset position is mainly due to purchase of Treasury debt, mortgage backed securities (MBS), and commercial papers to foster liquidity in the financial system and to increase credit availability for businesses as well as households.  Whether these non-traditional monetary policy actions are effective is debatable.  However, it is reasonable to expect that the Fed’s increase in money supply along with its increase in liability accounts will eventually tend to push up longer-term interest rates.  Therefore, it appears that the Fed’s actions could lead to trade off between a current benefit and a future cost.  On the other hand, we are not sure whether the Fed’s actions will be able to control effectively the current crisis.  In this paper, we are evaluating and analyzing the effectiveness of the monetary policy by comparing volatility behaviors in the financial system during different economic environments.
Our study of conditional volatilities and volatility interactions in different markets suggest that the recent monetary policy actions have not been effective. There could be several explanations for this.  For example, in the middle of 2008, the Fed’s policy makers were concerned with inflationary pressure on economic activities given the high commodity prices that may be spilled over into other markets and eventually into the economy; for that reason, an immediate policy action to boost economic activities was discouraged.  Consequently, there would be a significant time gap in which an appropriate monetary policy could be implemented, even if worsening financial market activities continued to affect the economy.  This delay of a timely appropriate monetary policy action due to concern for inflationary pressure is what we define as a monetary policy trap.  While economic activity was declining, the Fed could not make appropriate decisions in a timely manner to counter this financial crisis because it was in the middle of this policy trap with insufficient information to discern the course of inflation, because of time lags on the availability of key macroeconomic data.  As a result, the Fed was caught with the problem of implementing appropriate policy decisions, once they were in the monetary policy trap (Lee and Zyren, 2009).
Thorbecke (1997) presents evidence that monetary policy has large effects on both ex-ante and ex-post stock returns, because it can affect a firm’s access to credit.  This claim supports a study done two decades earlier by Rozeff (1974).  A recent study by Bernanke and Kuttner (2005) documents that an unexpected 0.25% cut in the federal funds rate would typically lead to an increase of about 1% in stock returns, and that this response is relatively strong and consistent.  On the other hand, Black (1987) argues that monetary policy cannot affect interest rates, stock returns, investment, or employment.  This argument is followed by Boudoukh, Richardson, and Whitelaw (1994), who state that it remains an open question whether monetary policy can affect the real economy, and whether any of its effects are quantitatively important.  The estimation methodology used in these empirical studies is vector autoregression (VAR),
 which utilizes either event or monthly data.  Beside the issue of empirical specification, these arguments are no longer valid in the current economic environment since the Fed cannot lower the federal funds rate, which is almost zero at the present time.  The FOMC should not have relied only on the federal funds rate to stabilize the financial system at the beginning of this economic environment.  They should initially have implemented various policy tools so that there is some room left for the federal funds rate to be lowered; thus, the policy tools to be effective.  The current Fed’s policy dilemma is somewhat similar to that in Japan in the 1990s and early 2000s.
Empirically, the existing literature does not address whether the volatility of policy target variables increases or decreases in response to a change in monetary policy expectations in day-to-day market activities.  It is possible to hypothesize that the level of mid- to long-term volatility of target economic activities via financial market variables should not change over time in response to changes in either contractionary or expansionary monetary policy, if the policy is transmitted effectively to the financial system.  To address this issue, an empirical evaluation must be done by multi-dimensional interactions in a dynamic rather than a static environment.  Such a multi-dimensional approach would be able to capture the different reactions in the various markets by anticipated or unanticipated changes in monetary policy.  For example, lowering interest rates may increase equity values through the wealth effect, but it may also put pressure to devalue the currency, which in turn would increase the value of commodity prices.  If these cycles and transmitting mechanisms were to continue, there would be negative impacts on macroeconomic activities through feedback effects.  Therefore, policy makers must understand volatility interactions among different markets before implementing any monetary innovation, and the innovation by the FOMC must be a leading tool, not a trailing policy, to be effective.  If the policy were effective, it would help to minimize the current global economic and financial fiasco.
The central question addressed in this paper is whether changes in monetary policy are appropriately transmitted to the economy through the financial system.  To fully answer this question, it is imperative to understand financial market reactions to changes in monetary policy implemented by the FOMC.  The conventional wisdom is that an increase in money supply leads liquidity in the market to lower cost of capital, hence increasing the value of assets and promoting more investment activities in the economy.  However, these notions are based on the assumption that the financial system is functioning efficiently with no idiosyncratic risks presented.  It is clear that implementing the federal funds rate, a prime instrument of monetary policy, to control the short-term interest rate is currently not an option since the target federal funds rate is almost zero from the beginning of 2009; additionally, the Fed started implementing non-traditional monetary policies to moderate the credit crunch in the financial system and to control the longer-term interest rate in the economy in the later part of 2008.  Lee and Zyren (2009) suggest that the timing of a monetary policy action is more important than the size of the policy in preventing or in minimizing systematic failures of the financial system and economic conditions.  For example, while commodity prices were approaching their highest levels at the beginning of 2008, the Fed observed the U.S. economy slipping into a recession.  This extraordinary increase in commodity prices that began in 2006 could be a symptom of weak financial markets and the economy coming into a severe recession.  Thus, in order to counter act these conditions, policy makers must understand and evaluate interactions between financial and commodity market behavior to implement effective economic policies.  In doing so, the Fed must be an independent institution and in a position to implement politically neutral economic policies.

We validate these propositions by estimating dynamic conditional variances and covariances with a multivariate generalized autoregressive conditional heteroskedasticity (MGARCH) model, using daily data for an equity variable (S&P 500 index), a commodity variable (S&P commodity index), and an exchange rate variable (trade-weighted exchange rate composite), from the March 2000 to June 2009 time period.  The empirical results suggest that the level of conditional covariance and correlation between the equity index and commodity index has increased in recent years, with exchange rates greatly contributing to this change.  Our findings also show that, while expectations of increase monetary supply can immediately affect financial markets (equity, commodity, and exchange), the impact will vary depending on the overall condition of the economy.  This paper further considers the usefulness of commodity prices as a guide for a more effective monetary policy.
The remainder of the paper is organized as follows.  The next section, Section 2, describes the data used to estimate the conditional covariance and correlation.  Descriptive statistics and econometric models are also discussed in this section.  In Section 3, we discuss empirical results and analyze their implications, while Section 4 discusses the robustness empirical estimations and results.  Concluding remarks are in the final section.
2
Data and Model Specification
2.1 Data


We obtained daily data from the period of March 2000 to June 2009, for a total of 2,324 observations, from Bloomberg for three financial series; exchange rate, commodity index, and stock index: the U.S. trade-weighted foreign exchange rate to represent a composite exchange rate; the S&P commodity price index to represent an energy-rich commodity price; and the S&P 500 index to represent an equity market.  The U.S. economy experienced a mild recession at the beginning of 2000s, which was followed by an expansion and then an economic crisis.  Therefore, the full sample period is delineated into three sub-periods: Period 1 representing the economy during initial recessionary period (from 3/2000 to 6/2003); Period 2 representing an expanding economy period (from 7/2003 to 9/2008); and Period 3 representing the economy in a crisis period at which the U.S. financial system collapsed (from 10/2008 to 6/2009).  Determination of the sub-sample periods is based on the status of economy and a clear path of the FOMC policy implementations.  In Period 1, there were several financial/political events which had negative effects on the U.S. economy, specifically, a mild recession due to a collapse of the technology stock bubble and terrorist activity on September 11, 2001.  As a result, the Fed had decreased the federal funds rate 13 consecutive times from January 2001 to June 2003, more specifically, 11 times in 2001 (8 times at regular scheduled meetings and 3 times at unscheduled meetings) followed by further decreases in 2002 and 2003.  In Period 2, the FOMC increased the federal funds rate 17 consecutive times over two years, from 6/30/2004 to 6/29/2006 (5 times out of 8 scheduled meetings in 2004; 8 times out of 8 scheduled meetings in 2005; and 4 times out of 8 scheduled meetings in 2006).  However, the FOMC decreased its target rate 7 consecutive times to 2 percent in May 2008 from 5.25 percent in July 2006.  More importantly, in late January 2008, the FOMC lowered federal funds rate twice in a two-week period, once by 0.75 percent on 1/22/2008 followed by another 0.5 percent on 1/30/2008.  Thus, Period 2 contains various monetary policy implementations by the FOMC for the expansion and contraction of the economy, which profoundly affected financial market reactions and performance in this period.
In Period 3, Fed actions have not only attempted to control the short-term interest rates with the federal funds rate but also tried to control the long-term interest rates by influencing credit market liquidity with nontraditional implementations, such as purchasing mortgage backed securities (MBS), term auction credit loans (TAF), commercial paper funding facilities, etc.  As a result, the central bank’s total assets were increased to 2 trillion dollars in 2009 from 0.6 trillion dollars in 2000 (see Figure 2).  Major funding facilities and non-traditional monetary tools were actively implemented from late 2008.  The FOMC lost its traditional monetary policy tool, the federal funds rate, to influence the short-term market interest rates and to stabilize the financial markets by the end of 2008, when the federal funds rate was lowered 3 times since October 2008 and targeted to a range of 0 to 0.25 percent.  Currently, the effective rate is essentially zero.  In 2008, the FMOC lowered the rate 7 times out of 14 meetings (8 regular meetings and 6 unscheduled meetings) with different magnitudes, e.g., 0.25 percent, 0.50 percent, and 0.75 percent.  The 0.75 percent lowering of the rate at each time was the largest reduction in U.S. history; this action was implemented 3 times in 2008: on January 22, March 18, and December 16.  Clearly, the Fed and the FOMC had tried to steer the economy in the right direction with their tool, but the U.S. economy has not responded in the manner that policy makers had anticipated.  It appears that the collapsed financial system was too big to control.  For example, when the Bear Stearns’ crisis broke headlines on Thursday, 3/13/2008, Treasury-bill (T-bill) rates reacted irrationally from 3/13/2008 to 3/24/2008; at one point during this period the rate dropped and increased by 80%.  The FOMC recognized the crisis and lowered federal funds rates by 75 basis points on 3/18/2008, which was the same size as the largest prior basis point reduction on 1/22/2008.  However, the Treasury-bill market captured this event before it happened.
[Insert Figure 3 here]


Price and rate movements of the market aggregate assets and assets’ returns (log of the first difference) during the three sample periods are shown in Figure 3.  As expected, movements of the stock index and T-bill rates are similar, but Figure 3 shows no obvious relationship between exchange rate or commodity price and the other series.  All series have a single unit root, thus we use returns in our empirical work.


Table 1 gives the descriptive statistics for the data series in Figure 3, while Table 2 summarizes the statistics for the returns.  Standard deviation of the returns for exchange rate is smallest in Period 1 relative to others in all sub-samples, where as the standard deviations for stock and commodity indexes are approximately the same as in Period 1.  This indicates that the riskiness of trade-weighted foreign exchange rate returns is lower when the level of commodity prices was lower, even though the economic experienced mild recession in this period.  In the equity market, its volatility in Period 2 is lower than Period 1 or 2, which suggests that there are little or no idiosyncratic risks in the equity market and only systematic risk matters when the economy is performing strongly.  However, statistics for Period 3 reveal that risk of all series is much higher than in the other two periods.  For the commodity index series, it is interesting to observe that the mean of returns for Period 3 is negative and lower than previous two periods.  We believe this is due to the collapse of commodity prices from their historically higher levels that have been recently seen in the U.S., especially in July 2008.
[Insert Tables 1 and 2 here]

2.2 Model specification
To analyze the interaction of volatility behavior, we utilized the multivariate generalized autoregressive conditional heteroskedasticity (MGARCH) model proposed by Baba, Engle, Kroner and Kraft (1991), called BEKK, to estimate conditional variances, covariances, and correlations among the stock index, commodity index, and trade weighted exchange rate.
  While modeling volatility of returns had been the main center of attention in previous studies done using the GARCH methodology, analyzing the co-movements of returns are also of great practical importance in understanding contagion and/or spillover effects.  Knowledge of the time-varying behavior of covariances and/or correlations between returns is an essential part of asset allocation for creating an optimal portfolio and for the creation of optimal hedging positions by firms and investors.  Policy makers, however, are more interested in these co-movements when monetary policy actions are occurring or are expected in the near future, since this will allow identification of market reactions in different markets and detection of volatility contagion or spillover from one market to another.  It is, therefore, important to include MGARCH models in our study in these respects.

MGARCH models have been used by Bollerslev, Engle, and Wooldridge (1988), Ng (1991), Kroner and Ng (1998), Hansson and Hordahl (1998), Engle and Sheppard (2001), Engle (2002), Tse and Tsui (2002), Bae, Karolyi, and Stulz (2003), and Agren (2006).  However, we have not seen studies that apply this methodology to monetary policy and/or money and banking literature.  The MGARCH model was first proposed by Bollerslev, Engle, and Wooldridge (1988).  Their model used the VEC operator to create conditional variances and covariances as a function of lagged conditional variances and covariances, as well as lagged squared returns and cross-products of returns. Even though the model is simple, it has some undesirable properties in that it does not guarantee a positive-definite covariance matrix and does not allow for dynamic dependence between the individual volatility series.  To eliminate these difficulties, Baba, et al. (1991) proposed the BEKK model, which was further modified by Engle and Kroner (1995).  An advantage of utilizing the MGARCH model in this study is that it enables us to understand the relative magnitude of volatilities, systematic information (GARCH effect), and unsystematic information (ARCH effect) in any given time period.  Thus, it allows us to explain the nature of commodity/equity price behavior in relation to economic conditions.

There has been a large volume of work investigating the link between commodity/crude oil price shocks and economic activities as well as financial markets (e.g., performance of stock and foreign-exchange markets).  Major studies in this line of research are Chen, Roll, and Ross (1986), Pindyck and Rotemberg (1990), Al-Mudhaf and Goodwin (1993), Bloomberg and Harris (1995), Jones and Kaul (1996), Huang, Masulis, and Stoll (1996), Faff and Brailsford (1999), Sadorsky (1999, 2000, 2001), Hammoudeh, Dibooglu, and Aleisa (2004), Hammoudeh and Li (2005), Boyer and Filion (2007), Nandha and Hammoudeh (2007), and Scholtens and Wang (2008).  While most of these papers used crude oil as one of the driving factors, mixed results were obtained concerning possible market effects.  More importantly, these studies did not investigate the interactions among many different markets, e.g., equity, foreign exchange, commodity, etc., in the current integrated market environment.  Lee and Zyren (2009) analyzed volatility interactions and contagion utilizing the MGARCH specification in four different markets, equity, money, exchange, and commodity markets, but that study did not include the recent global economic crisis.  In this respect, our current study extends this literature by investigating three financial markets to analyze pair-wise interactions under different monetary policy regimes.
Industry practitioners and academicians have a general consensus that a lower interest rate leads to a higher equity price and a lower rate for the cost of capital.  However, recent observations reveal that this may not always be the case, especially in an economy with a zero level of interest.  Advanced technologies in today’s market environments create dynamic reactions to any information by investors and firms; thus, instantaneous market reactions to a change in economic policy and an economic condition must be evaluated using a system specification rather than univariate models.  The system specification of estimating time-variant conditional variances of the returns for trade-weighted foreign exchange rate composite, commodity index, and stock index are as follows:

For the mean equation:
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For the variance equation:
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where i = 1, 2, and 3 in the mean equation; thus, 
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 refers to the covariance between two assets at time t with subscripts 1, 2, and 3 represent the foreign exchange rate, commodity index, and stock index, respectively.  This type of GARCH volatility model shows dynamic dependence between volatilities and allows for the calculation of the conditional variances and covariances at each data point; the BEKK formulation guarantees the positive definite covariance matrix.  This procedure has been widely used for modeling time-varying volatility co-movements in financial time series. 

The following multivariate GARCH model for the variance equation estimates the covariance as a system:
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where C is a vector which creates matrix coefficients of the mean, and Ai, D, and Bj are diagonal N × N parameter matrices for ARCH, TARCH, and GARCH, respectively.  This decomposition of terms into a product of two matrices ensures the positive definiteness of Ht.  In terms of computation, the off-diagonal elements are set equal to zero so that the number of parameters to be estimated is significantly lower while maintaining the main advantage of dynamic dependence of the volatilities; this also has the effect of decreasing the occurrence of insignificant parameter estimates.  The functional form of the volatility equations for the model used in this study is:
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The estimated coefficients of 
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.  This system of equations, with interactions of volatilities, is used for the estimation in three different samples periods (Period 1, Period 2, and Period 3).

3
Estimated Results and Implications 

Table 3 reports calculated coefficients for the ARCH, TARCH, and GARCH, parameters in Equation (5); most of the calculated coefficients are significant at the 95 percent confidence level.  Tables 4 and 5 provide a statistical summary of estimated conditional variances, covariances, and correlations, with corresponding graphical illustrations in Figure 4.  We must point out that analyzing and discussing the full sample misrepresents the results since the data cover three distinct economic regimes, with structural breaks in price and return behavior between each one.  For this reason, we only discuss the empirical results of the estimations for the individual periods.  Table 4 shows the unsurprising result that volatility of each series in Period 3 is higher than in other periods, and more importantly, that the base level of volatility has increased in Period 3.  In order of ranking the risk, in all three periods, the equity market is highest that followed by the commodity market and the exchange market.  Since returns of equity markets can be seen as a measure of the health of the U.S. economy, the Fed’s main concerns and reactions to equity market behavior is understandable; however, we wonder what the volatility interaction is and whether there is volatility contagion from one market to another given different economic conditions and monetary policies.

[Insert Tables 4 and 5 here]


Summary statistics for the conditional covariance and correlation pairs are shown in Table 5; the data for each pair results from the calculated volatility interactions in Equation (5).  Covariance between commodity and stock indexes (Cov 2, 3) reveals that in Period 3, the mean and standard deviation of the covariance increase to 3.90 and 0.73, respectively, from nearly zero in the previous two periods. (even though the standard deviation was 0.38 in Period 1, the mean was zero).  This indicates that the structure of volatility interaction behavior is substantially changed from Period 2 to Period 3, where we have seen the historically highest price levels for commodities in the later part (mid-2008) in this period, while the equity markets began to fall as the U.S. economy entered into a recessionary period.  It can be seen that hedgers and speculators minimize shares of the commodity index in their portfolios in Period 3, since these two indexes become positively and highly correlated that the conditional correlation between these two is 0.54; where as in Period 2, the correlation between the two indexes was insignificant.

Lee and Zyren (2009) state that a higher level of the commodity index during 2007 and 2008 was the result of inter-temporal capital movements from the equity market into the commodity market due to perception of an arbitrage opportunity.  However, even if commodity prices were at historically high levels, this negative covariance and correlation does not seem to have noticed by policy makers.  Part of the reason could be that the trading size of this commodity market in terms of both volume and dollar value is much smaller than that in the equity market; additionally, the commodity markets are less regulated.  As a result, it is possible that small capital flows from the equities to commodities could have a great impact on price fluctuations in the commodity market.  While there may be no immediate impact from the increased commodity prices, eventually the economy will be negatively affected and may show feedback into the equity market at a later time.  Economic policy makers in the Fed have not had much concern for this impact.


A temporary increase in the international value of the dollar at the beginning of Period 3 could be the result of suddenly declining prices of key commodity items, e.g., precious metals and crude oil.
  Nonetheless, the conditional covariance and correlation between trade weighted exchange rate and commodity index (Cov 1, 2 and Corr 1, 2) are negative and become larger in magnitude during the second and third periods, with the conditional correlation between exchange rate and commodity index is -0.49 in period 3.  This negative covariance and correlation implies that a depreciating dollar value leads to an increasing value of commodities, since the trading value of the commodities in the index we used is quoted by U.S. dollars.  If the commodity prices will increase in the future, the Fed must consider possible inflationary effects in the economy due to increased input costs for goods and services in the economy.  In Figure 4, a change in patterns of the conditional correlation that become highly negative interactions between trade-weighted foreign exchange rate and equity index as well as commodity index are noticeably recognized in Period 3.  These dynamic interactions among different markets at different economic conditions further support that the Fed should pay careful attention on the other markets’ reaction before implementing its monetary policy.
[Insert Figure 4 here]

4.
Robustness of Empirical Findings
The much larger correlation for each pair of markets in Period 3 compared to other periods suggests that volatility interactions among different financial markets are not consistent in different economic conditions.  Statistical results in Table 5 appear to show that the crisis of the equity market during the recent period spilled over into other markets, and that the Fed’s effort to stabilize the financial crisis has not been very successful.  If the Fed’s monetary policy were effective, such highly volatile interactions would be transitory.  There should be a constant cycle if reactions in the markets such that changing monetary policy through implementing a monetary instrument, e.g., changing federal funds rates and/or purchasing assets from the financial market, will affect not only equity values but also exchange rates, which then in turn directly affect commodity prices.  However, changes in commodity prices may or may not affect the equity market directly and instantaneously; it all depends on the level of prices.  Our empirical results in the financial crisis period in Table 5 do not support a study by Bernanke and Kuttner (2005) in which suggests that changes in the federal funds rate can immediately affect asset prices and returns in financial markets.

There is a debate about the effectiveness of the Fed’s monetary policy.  Defina (1988) claims that the Fed’s monetary policy strategies for targeting variables such as monetary aggregates, short-term interest rates, employment level, and economic growth rate, while having been successful in some cases, are mostly ineffective.  Thus, the reliability of using such variables as sole targets is highly questionable.  Angell (1992) notes that some of these variables are theoretically inappropriate or have been rendered ineffective given the increasingly global market platform.  For these reasons, many authors believe commodity prices are better indicators for monetary policy intervention, such as studies done in the 1980s and 1990s by Marquis and Cunningham (1990), Angell (1992), Garner (1989), Furlong (1989), Reynolds (1982), and Boughton and Branson (1988), which call for the introduction of commodity prices as an intermediate target in monetary policy.  Gordon and Ronald (1981) suggest that an intermediate target should not be a policy goal in itself, but rather the target should be a variable closely linked to the actual long-term macroeconomic goal.  That is, achieving the intermediate target will result in producing the desired long-term outcome.  Furlong (1989) and Garner (1989) recommend using a commodity price index or a general indicator to achieve the intermediate target.  Furlong (1989) further emphasizes that any commodity price index employed as a guide for monetary reform should have established relationships with monetary policy variables such as unemployment, inflation, and economic growth.  More recently, Lee and Zyren (2009) reevaluated and confirmed the importance of interactions between the commodity market and other financial markets is needed to achieve an effective economic policy.  Despite the mounting support for use of commodity prices as effective monetary targets, the issue still remains highly debatable due to inconsistent empirical results in the literature.

In order to fully understand commodity price behavior, we estimated a model where commodity index returns is a function of other market activities, i.e., foreign exchange, equity, and money markets.  The pattern of commodity index movements, in general, shows an inverse relationship with an exchange rates but a positive relationship with an equity index, as indicated in Figure 3 earlier.  By their general nature, commodity prices mainly depend on fundamental factors, e.g., supply, demand, inventories, etc.; therefore, we expect their price movements to be positively correlated with a general state of the economy.  However, we do not expect noticeable effects from the equity market or money market (interest rates) in this model, since demand for commodities is a function of global activity, rather than domestic, and a (quoted) trading price for commodities is given in U.S. dollars.  For that reason, we expect the major contribution to the commodity index performance to be an exchange rate variable.  The result from this regression may shed light on an important monetary policy direction that policy makers could detect easily as a symptom of future economic activities.  In doing so, we included intercept and slope dummies for each variable to test whether the coefficient of these variables remain constant over the entire time period, especially in different economic regimes.  The model specification is as follows:
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where y represents return of the commodity index, i = 1, 2, 3 represents Periods 1, 2, and 3, respectively, to control different time periods.  j = 1, 2, 3 corresponds to returns on trade-weighted foreign exchange rate, equity index, and 90 days U.S. Treasury-bill rate, respectively.  A GARCH specification is use to model non-linearity of the residuals.  The results of Equation (6) are shown in Table 6.
[Insert Table 6 here]

Wald tests show that the slopes for each explanatory variable, i.e., exchange rate, equity index, and T-bill rate, are not the same over the full-sample period.  Slope coefficients have different values depending on the time period.  As expected, coefficients on the exchange rate are negative and statistically significant at the 99 percent confidence level, in the second and third periods, and the magnitudes of these coefficients are much larger than for the other explanatory variables.  This indicates that the exchange rates play a major role in determining commodity prices.
  It is possible that a lowering interest rate will lead to a depreciating value of the dollar, which will then boost commodity prices.  This situation could create an economic policy dilemma for the Fed.  For example, in the mid-2008, the U.S. economy experienced rising commodity prices while the stock market was steeply declining.  The Fed was concerned with stagflation at that time.  Were the actions by the Fed appropriate?  Lee and Zyren (2009) stated that monetary actions by the Fed were merely meeting the expectations by the market participants and thus were not effective to control the situation.

The relationship between the equity index and the commodity index can be further explained.  The sign on the equity coefficients for Period 2 and Period 3 are opposite and both coefficients are statistically significant.  In Period 3, the positive coefficient is what we expected based on market fundamental relationships.  It is also true that, once the financial system collapses and an economic crisis arises, demand and consumption of commodities would be weak.  For that reason, prices would fall like in any other markets; however, in Period 2, especially in 2008, this relationship is not clear.  Even though the size of the coefficient is small, the negative coefficient suggests that the Fed must still keep eye on this relationship.  These result support a previous study, which claimed that there was a temporary movement of capital from the equity market to the commodity market by hedgers and speculators in 2008 (Lee and Zyren, 2009).  For the interest rate variable, all three coefficients are statistically significant at the 99 percent confidence level and positive, but their impact on the commodity index is negligible.  Even if changes in interest rates affect stock returns immediately (Thorbeck, 1997 and Bernanke and Kuttner, 2005), it may also affect the value of the domestic currency, which could lead higher commodity prices in the future.  Therefore, implementing monetary policy in order to revive financial markets may increase commodity prices, and these increased commodity prices could negatively affect the entire economy.  As a result, we strongly recommend that policy makers at the central bank should understand mutual relationships among different markets; including covariance and correlation interactions.


Further, we suggest that policy makers must understand what an acceptable level of commodity prices is; and accordingly, the magnitude of price increases need to be closely watched.  Commodities such as crude oil, gasoline, primary metals, and grains are crucial components of economic activity.  When the commodity prices increase, consumers and producers would then adjust their consumption and production behavior to respond to the higher prices, therefore, consumption and investment activities will be reduced and negatively affected.  These adjustments could adversely affect the economy; if that is true, then the monetary policy makers must pay attention to the level of commodity prices and understand their interrelationship with other financial and economic activities.

5
Conclusion


The U.S. central bank and the FOMC have actively implemented their monetary policy instruments to steer the economy in the right direction, but, recently, the U.S. economy has not responded in the manner that policy makers had anticipated.  Even though the Fed’s traditional monetary policy seems to be effectively working when the objective is to control inflation, the traditional and non-traditional monetary policy used to stabilize the financial crisis in recent years appear ineffective.  In the middle of the 2008-2009 economic crisis, the Fed’s monetary policy was not as flexible as in the past because the Fed lost one of its monetary policy tools, the ability of adjusting the federal funds rate. That rate is currently near zero percent.  For that reason, we recommend that the Fed should adopt a safe level of federal funds rate so that the Fed could have some flexibility to handle the economy when it is contracting.  The Fed should implement both traditional (federal funds rate) and non-traditional instruments to stabilize the economy when the federal funds rate reaches the safety level.  This would allow the Fed more flexibility in implementing its own economic policy.

In this study, we compared conditional volatility interactions of three financial markets in response to monetary policy actions under different economic conditions facing the U.S. in the 21st century.  Multivariate GARCH models were employed to investigate the dynamic interrelationships among the return on an exchange rate, on a commodity index, and on an equity index.  With these variables, we estimated six pairs of conditional covariances and correlations under different macroeconomic conditions: a recessionary stage, an expansionary stage, and a crisis stage.  This study has shown that exchange rate and commodity market volatility has substantially increased during the current financial market crisis.  This is mainly due to volatility spillover from the equity market.  The recent volatility interactions suggest that the current monetary policy is not as effective to counteract economic slowdowns as it was in the previous decade.  The Fed was not ready to deal with the nature of the current U.S. economic crisis, which has become a global crisis.  The magnitude and impacts of this crisis are fundamentally different from what we have experienced since 1930s.  Our empirical results further suggest that the rapidly increasing commodity prices in recent years are mainly a result of the depreciating value of the U.S. dollar.  Higher commodity prices also create larger uncertainties in other markets, as revealed by the increased covariances.  There are two factors, increased commodity prices and increased covariances, which may prevent or discourage policy makers from implementing appropriate economic policy tools in a timely manner, especially if they are indicative of inflationary pressure in the economy.  Theses conditions lead the Fed in a monetary policy trap.

In order to prevent a declining economy, the Fed must implement its economic policy proactively.  The policy instrument and its implementation should not be merely a reflection of the financial markets’ expectations, which would make it an ineffective monetary policy tool (called trailing monetary policy).  Bernanke and Kuttner (2005) acknowledged this process, but the current Fed policy has not been proactive.  In this regard, our study suggests that, in order to have an effective monetary policy, the Fed should place much more weight on commodity price behavior.  Without accounting for unexpected large commodity price changes, implementing monetary instruments by the Fed becomes an ineffective monetary policy tool due to a mismatching of reactions and interactions in the financial system (dynamic versus static responses).  For that reason, this paper recommends that the central bank should consider placing more weight on commodity market activities during their monetary policy evaluation and decision-making process.
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Figure 1
Federal Funds Target Rate and Rate Changes
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Note: A range of federal funds target rate is between 0% and 0.25% from 12/2008 to the end of sample period (6/2009).  However, its effective rate is nearly zero percent in this period.
Figure 2
Federal Reserves Selected Asset 
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Note: TA represents total asset; TS represents the U.S. Treasury securities; REPOS represents repurchase agreements; TAC represents term action credit that term auction facility loans; LOANS represent loans to depository institutions; CPF represents commercial paper funding facilities; CBLS represents central banks liquidity swaps that liquidity swap agreements with foreign central banks; and MBS represents mortgage backed securities.  In this graph, MBS does not reveal since the first 0.467 trillion dollars appears in June 2009.
Figure 3
Movements of Indices, Exchange Rate, and Their Returns 3/2000 – 6/2009
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Figure 4
Covariance and Correlation
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Note:  Cov and Corr refer to covariance and correlation, respectively.  SPCI refers to S&P Commodity Index; SPEI refers to S&P 500 Equity Index; TWFx refers to Trade-Weighted Foreign Exchange Rate Index.

Table 1
Summary of Descriptive Statistics for Indices and Foreign Exchange rate
	
	Stock Index
	Commodity

Index
	Exchange

Rate

	Full Period: 3/00 – 6/09
	
	
	

	   Observations
	2324
	2324
	2324

	   Mean
	1191.926
	356.236
	113.835

	   Maximum
	1565.150
	890.294
	130.074

	   Minimum
	676.530
	161.962
	94.790

	   Std. Dev.
	198.987
	154.285
	9.259

	   Skewness
	-0.214
	1.065
	-0.119

	   Kurtosis
	2.216
	3.734
	2.120

	   Jarque-Bera
	77.163
	491.480
	80.481

	Period 1: 3/00 – 6/03
	
	
	

	   Observations
	818
	818
	818

	   Mean
	1147.980
	216.037
	124.110

	   Maximum
	1527.460
	278.572
	130.074

	   Minimum
	776.760
	161.962
	115.999

	   Std. Dev.
	211.204
	24.680
	3.424

	   Skewness
	0.125
	-0.202
	-0.573

	   Kurtosis
	1.821
	2.654
	2.442

	   Jarque-Bera
	49.480
	9.651
	55.319

	Period 2: 7/03 – 9/08
	
	
	

	   Observations
	1329
	1329
	1329

	   Mean
	1261.787
	438.373
	108.158

	   Maximum
	1565.150
	890.294
	120.556

	   Minimum
	965.460
	221.302
	94.790

	   Std. Dev.
	145.431
	147.475
	6.423

	   Skewness
	0.135
	0.837
	-0.468

	   Kurtosis
	2.184
	3.360
	2.402

	   Jarque-Bera
	40.979
	162.471
	68.350

	Period 3 : 10/08 – 6/09
	
	
	

	   Observations
	177
	177
	177

	   Mean
	870.473
	387.441
	108.976

	   Maximum
	1166.360
	622.237
	115.120

	   Minimum
	676.530
	306.774
	101.360

	   Std. Dev.
	78.835
	63.022
	2.819

	   Skewness
	0.470
	1.385
	-0.173

	   Kurtosis
	5.088
	4.921
	2.848

	   Jarque-Bera
	38.649
	83.834
	1.057


Table 2
Summary of Descriptive Statistics for Returns

	
	Stock Index
	Commodity

Index
	Exchange

Rate

	Full Period: 3/00 – 6/09
	
	
	

	   Observations
	2324
	2324
	2324

	   Mean
	-0.018803
	0.034134
	-0.004575

	   Maximum
	10.95720
	7.214508
	1.611757

	   Minimum
	-9.469514
	-9.191385
	-2.416032

	   Std. Dev.
	1.411269
	1.659397
	0.309682

	   Skewness
	-0.089093
	-0.247242
	-0.257683

	   Kurtosis
	10.95873
	5.279321
	8.729038

	   Jarque-Bera
	6133.990
	526.5291
	3202.592

	Period 1: 3/00 – 6/03
	
	
	

	   Observations
	818
	818
	818

	   Mean
	-0.047223
	0.010570
	0.000712

	   Maximum
	5.573247
	4.144272
	0.861390

	   Minimum
	-6.004513
	-9.191385
	-0.671811

	   Std. Dev.
	1.440020
	1.452442
	0.224453

	   Skewness
	0.182242
	-0.467358
	0.119453

	   Kurtosis
	4.081877
	4.943296
	3.714047

	   Jarque-Bera
	44.36670
	158.2969
	19.29953

	Period 2: 7/03 – 9/08
	
	
	

	   Observations
	1329
	1329
	1329

	   Mean
	0.007932
	0.072022
	-0.011711

	   Maximum
	4.242881
	6.538770
	1.114227

	   Minimum
	-9.200241
	-7.974735
	-1.307835

	   Std. Dev.
	0.946326
	1.506490
	0.277398

	   Skewness
	-0.962456
	-0.052165
	0.101917

	   Kurtosis
	12.13866
	4.096601
	4.129793

	   Jarque-Bera
	4829.825
	67.19301
	72.98321

	Period 3 : 10/08 – 6/09
	
	
	

	   Observations
	177
	177
	177

	   Mean
	-0.08836
	-0.141570
	0.024603

	   Maximum
	10.95720
	7.214508
	1.611757

	   Minimum
	-9.469510
	-8.445690
	-2.416030

	   Std. Dev.
	3.145024
	3.062503
	0.670593

	   Skewness
	0.086056
	-0.112670
	-0.513030

	   Kurtosis
	4.316498
	2.999011
	4.209932

	   Jarque-Bera
	13.00058
	0.374497
	18.56102


Table 3
Calculated Conditional Variance Coefficients

	
	Period 1

3/00–6/03

N = 818
	Period 2

7/03–9/08

N = 1329
	Period 3

10/08–6/09

N = 177

	Constant (1, 1)
	0.003002
	0.000966
	0.022696

	Constant (1, 2)
	-0.000309
	-0.002157
	-0.064084

	Constant (1, 3)
	0.000932
	-0.001467
	-0.055170

	Constant (2, 2)
	0.233800
	0.101670
	0.465646

	Constant (2, 3)
	-0.000455
	0.002040
	0.446480

	Constant (3, 3)
	0.096761
	0.035459
	0.294437

	
	
	
	

	ARCH (1, 1)
	0.027404
	0.033960
	0.031464

	ARCH (1, 2)
	0.039665
	0.028709
	0.032643

	ARCH (1, 3)
	0.048746
	0.006783
	-0.002109

	ARCH (2, 2)
	0.057413
	0.024269
	0.033868

	ARCH (2, 3)
	0.070556
	0.005734
	-0.002188

	ARCH (3, 3)
	0.086707
	0.001355
	0.000141

	
	
	
	

	TARCH (1, 1)
	n.a.
	0.007886
	0.036741

	TARCH (1, 2)
	n.a.
	-0.011339
	0.021131

	TARCH (1, 3)
	n.a.
	0.029399
	-0.054814

	TARCH (2, 2)
	n.a.
	0.016306
	0.012153

	TARCH (2, 3)
	n.a.
	-0.422750
	-0.031526

	TARCH (3, 3)
	n.a.
	0.109606
	0.081777

	
	
	
	

	GARCH (1, 1)
	0.911930
	0.947920
	0.881851

	GARCH (1, 2)
	0.870590
	0.932589
	0.892179

	GARCH (1, 3)
	0.889164
	0.908198
	0.897096

	GARCH (2, 2)
	0.831123
	0.917505
	0.902629

	GARCH (2, 3)
	0.848856
	0.893509
	0.907603

	GARCH (3, 3)
	0.866967
	0.870141
	0.912606

	
	
	
	

	Level Shift (1, 1)
	n.a.
	0.000383
	n.a.

	Level Shift (1, 2)
	n.a.
	-0.005130
	n.a.

	Level Shift (1, 3)
	n.a.
	0.000170
	n.a.

	Level Shift (2, 2)
	n.a.
	0.038306
	n.a.

	Level Shift (2, 3)
	n.a.
	0.003270
	n.a.

	Level Shift (3, 3)
	n.a.
	0.088907
	n.a.

	
	
	
	

	Portmanteau Q(10)
	91.43
	84.98
	69.77

	Portmanteau Q(20)
	186.39
	168.36
	158.03


Notes: 1 = Exchange rate, 2 = Commodity index, and 3 = Stock index.  It was not necessary to include a TARCH term and/or a level shift variable in Period 1 and 3, thus, we report as n.a. in these regards. Q(10) and Q(20) represent Portmanteau autocorrelation tests up to a lags 10 and 20, respectively.
Table 4
Descriptive Statistics for the Conditional Variance

	
	Stock Index
	Commodity

Index
	Exchange

Rate

	Period 1: 3/00 – 6/03
	
	
	

	   Observations
	818
	818
	818

	   Mean
	2.087934
	2.096520
	0.049256

	   Maximum
	7.480092
	7.054433
	0.087093

	   Minimum
	0.914675
	1.516507
	0.039310

	   Std. Dev.
	1.023863
	0.525885
	0.007593

	   Skewness
	1.958807
	3.302415
	1.746779

	   Kurtosis
	7.538698
	21.30852
	6.888366

	   Jarque-Bera
	1195.254
	12595.96
	908.5339

	Period 2: 7/03 – 9/08
	
	
	

	   Observations
	1329
	1329
	1329

	   Mean
	0.801384
	2.185733
	0.071405

	   Maximum
	6.735782
	4.347240
	0.147261

	   Minimum
	0.285635
	1.415898
	0.029404

	   Std. Dev.
	0.718422
	0.498136
	0.022568

	   Skewness
	2.833569
	1.550173
	0.303462

	   Kurtosis
	15.73967
	5.551844
	2.718289

	   Jarque-Bera
	10538.94
	874.0578
	24.27007

	Period 3 : 10/08 – 6/09
	
	
	

	   Observations
	177
	177
	177

	   Mean
	7.837926
	8.467537
	0.338118

	   Maximum
	17.88101
	11.76085
	0.613562

	   Minimum
	3.897211
	6.233824
	0.250232

	   Std. Dev.
	3.597003
	1.338422
	0.073980

	   Skewness
	0.987348
	0.052752
	1.385214

	   Kurtosis
	2.781603
	1.963078
	4.566744

	   Jarque-Bera
	28.61664
	7.875954
	73.44221


Note:  In order to ensure stability of results, the first 2 percent of the calculated conditional volatilities in each period were excluded.

Table 5
Descriptive Statistics for the Conditional Covariance and Correlation

	
	
	Period 1

3/00 – 6/03

N = 818
	Period 2

7/03 – 9/08

N = 1329
	Period 3

10/08 – 6/09

N = 177

	Cov (1, 2)
	Mean
	-0.005802
	-0.095425
	-0.816471

	
	Maximum
	0.062779
	0.027397
	-0.235889

	
	Minimum
	-0.139918
	-0.386990
	-1.286522

	
	Std. Dev.
	0.027144
	0.061898
	0.214263

	
	Skewness
	-0.891452
	-1.471559
	0.208959

	Cov (1, 3)
	Mean
	0.018969
	-0.005772
	-0.590982

	
	Maximum
	0.209045
	0.071291
	-0.523682

	
	Minimum
	-0.102002
	-0.035738
	-0.888940

	
	Std. Dev.
	0.040979
	0.012963
	0.084953

	
	Skewness
	0.965158
	1.989195
	-1.947755

	Cov (2, 3)
	Mean
	-0.013223
	-0.051824
	3.898309

	
	Maximum
	1.128263
	0.053070
	6.819174

	
	Minimum
	-2.174424
	-0.996191
	1.937444

	
	Std. Dev.
	0.380656
	0.084433
	0.733799

	
	Skewness
	-1.443906
	-5.311274
	0.034898

	
	
	
	
	

	Corr (1, 2)
	Mean
	-0.015825
	-0.237162
	-0.486939

	
	Maximum
	0.191954
	0.075307
	-0.126624

	
	Minimum
	-0.305889
	-0.578655
	-0.686873

	
	Std. Dev.
	0.076970
	0.115061
	0.106896

	
	Skewness
	-0.430238
	-0.468539
	1.281298

	Corr (1, 3)
	Mean
	0.054390
	-0.041975
	-0.391139

	
	Maximum
	0.429739
	0.178910
	-0.222203

	
	Minimum
	-0.242659
	-0.174283
	-0.539739

	
	Std. Dev.
	0.113556
	0.059349
	0.085524

	
	Skewness
	0.322341
	0.564996
	0.408823

	Corr (2, 3)
	Mean
	-0.002980
	-0.034990
	0.537522

	
	Maximum
	0.411629
	0.033237
	0.932457

	
	Minimum
	-0.568072
	-0.233017
	0.158379

	
	Std. Dev.
	0.147063
	0.034738
	0.201635

	
	Skewness
	-0.748744
	-1.124845
	-0.025939


Note: 1 = Exchange rate, 2 = Commodity index, and 3 = Stock index. Cov and Corr refer to covariance and correlation, respectively.  In order to ensure stability of results, the first 2 percent of the calculated conditional covariances and correlations in each period were excluded.

Table 6
OLS Regression: Commodity Index vs. Other Financial Market Activities for the Full Sample Period (3/2000 – 6/2009)
	Dependent: Commodity Index

	Intercept (PD 1)
	0.060600
	

	Intercept (PD 2)
	0.089680
	**

	Intercept (PD 3)
	0.072293
	

	
	
	

	Exchange rate (PD 1)
	-0.266464
	

	Exchange rate (PD 2)
	-1.377217
	***

	Exchange rate (PD 3)
	-1.777804
	***

	
	
	

	Equity index (PD 1)
	0.017024
	

	Equity index (PD 2)
	-0.095118
	**

	Equity index (PD 3)
	0.430875
	***

	
	
	

	T-Bill rate (PD 1)
	0.073497
	***

	T-Bill rate (PD 2)
	0.024989
	***

	T-Bill rate (PD 3)
	0.032241
	***

	
	
	

	Lag on commodity
	-0.051363
	**

	
	
	

	Adjusted R2
	0.149455
	

	
	
	

	Q statistics (10)
	6.43
	

	Q statistics (20)
	17.09
	


Note:  ** and *** denote statistical significance at 95 and 99 percent levels, respectively





























































































































































































































































































� During this period, five rate changes occurred at unscheduled meetings (1/3/2001, 4/18/2001, 9/17/2001, 1/22/2008, and 10/18/2008).  We believe these actions are equivalent to unexpected monetary innovations.


� Bernanke and Blinder (1992), Lee (1992), Jensen, Mercer, and Johnson (1996), and Jensen and Mercer (2002) also studied this topic.


� In July 2009, more than 250 prominent economists in the U.S. recently signed a statement warning that the Fed’s independence is at risk, while chairman of the Fed, defends his action that the economy would be much worse than it is today, if the Fed would have not acted.


� Based on results from Augmented Dickey-Fuller (ADF) tests, all series reject the null hypothesis of a unit root.  Tests on the returns confirm that the log of first differences is stationary.


� Bauwens, Laurent, and Rombouts (2006) survey the literature on multivariate GARCH models.


� The variance equation is a Gaussian GARCH (p, q) specification introduced by Bollerslev (1986).  It is normally assumed that vt is an i.i.d. sequence with zero mean and unit variance.  When p = 0, it becomes the ARCH (q) specification of Engle (1982).


� BDS test results for full sample period reject the iid null hypothesis for all three series.


� Individual commodities have not been formally analyzed for this study.  This is part of future work.


� Granger causality tests confirm that Granger causality runs one way from exchange rate to commodity index and not the other way.
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