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Commodity price volatility and U.S. monetary
policy: Commodity price overshooting revisited
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Abstract

2Mathematics and Statistics, Texas Tech Univer- Commodity price volatility has created concerns for central bank

sity, Lubbock, Texas policy-makers. Recent commodity prices peaked in the conse-

Correspondence quences of the financial crisis of 2007, and they have remained rel-
Sima Siami-Namini, Agricultural and Applied
Economics, Texas Tech University, Lubbock, TX
79409-2132.

Email: sima.siami-namini@ttu.edu ing forces behind commodity price volatility are necessary for the

atively volatile since. As they are often seen as being connected in a
cause and effect relationship with inflation and real output, the driv-

conduct of monetary policy. Using an autoregressive moving aver-
age with an exponential generalized autoregressive conditional het-
eroscedastic (ARMA-EGARCH) process, we extract the conditional
variance series to find volatility spillover between monetary pol-
icy and commodity price index. The findings show that the volatility
of agricultural commodity price index and other commodities price
indices overshoot the long-run equilibrium price in response to an

impulse in monetary policy.

KEYWORDS
ARMA-EGARCH model, commodity prices, monetary policy, over-
shooting hypothesis, VECM approach

1 | INTRODUCTION

Over the last few years, commodity price volatility has created issues for virtually all economies, especially those that
have used inflation targeting for monetary policy. Although the major issue within the context of an inflation targeting
is price stability, commodity price fluctuations have outsized effects on inflation in economies with a high percentage
of food and energy in the consumption basket and in economies with low inflation expectations (IMF, 2011). Volatility
in commodity prices influence real output, which has implications for the conduct of monetary policy (Svensson, 2005).
Many studies have identified the fundamental economic factors like speculation and global demand growth in line with
supply shocks as major factors influencing commodity price volatility, but less attention has been devoted to the impact
of monetary policy shocks on commodity price fluctuations (Glick & Leduc, 2011; Kozicki, Santor, & Suchanek, 2012).
The size of global central bank balance sheets have expanded since the recession of 2007-2009 due to interest
rate cutting and quantitative easing (QE). For instance, with the zero-lower bound (ZLB) on nominal interest rates, the

200 | © 2018 Wiley Periodicals, Inc. wileyonlinelibrary.com/journal/agr Agribusiness. 2019;35:200-218.
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Federal Reserve (Fed) made a variety of large-scale asset purchases (LSAPs) between late 2008 and October 2014
in order to promote stronger economic recovery. These purchases increased the Fed's balance sheet from less than
$900 billion before the financial crisis to about $4.5 trillion (a four-fold increase), reduced the value of the dollar, and
speculation and rising commodity prices as an asset class.

The overshooting hypothesis (Dornbusch, 1976) was originally proposed as a theoretical explanation for high lev-
els of exchange rate volatility. Later, it was generalized by Frankel (1986) for determining the influence of mone-
tary policy on agricultural and manufacturing commodity prices, which were considered as flexible and fixed prices,
respectively. Frankel demonstrated that the low-speed adjustment of the manufacturing commodity prices to the
change in the stock of money adds to overshooting in the prices of agricultural commodities. This result implies that
changes in the stock of money can have short-term effects on the prices of agricultural commodities. Given the assump-
tion of neutrality of money in the long-term, the overshooting of commodity price can have effects on farm income
and financial viability of farm families in the short-term (Bakucs & Ferto, 2005). This result only explains the impact
of money stock changes on the price of commodities. However, there is little information about the effect of mone-
tary policy shocks on the commodity price volatility and overshooting their long-term equilibrium level, which is the
research question of this article.

The main purpose of this article is to investigate the impact of expansionary monetary policy on the volatility of
commodity price indexes such as an aggregate commodity price index, agricultural commodity price index, S&P 500
commodity index, Dow Jones commodity index and NASDAQ composite index. The analysis is based on an autoregres-
sive moving average-exponential generalized autoregressive conditional heteroscedasticity (ARMA-EGARCH) (1,1)
process and a vector error correction model (VECM). The model is estimated with monthly data for a specific subset
of commodity price indices during the period from February 1992 to March 2017 in the U.S. economy. We first extract
conditional variance series of all series and then look at the short-term overshooting hypothesis of agricultural com-
modity price volatility and other commodity price volatility. The empirical evidence has implications for the neutrality
of money in the long-term (Ardeni & Freebairn, 2002). Additionally, we estimate the corresponding short-term error
correction model (ECM) to gain insights into the short-term adjustment toward any long-term relationship if it exists.
Also, we estimate impulse response functions (IRF) to investigate the impact of monetary policy shocks on the volatility
of commodity prices. The results show that there is an overshooting behavior of the conditional variance series (volatil-
ity) of commodities prices to the changes in monetary policy, suggesting that not only do price levels overshoot, but also

the variance.

2 | LITERATURE REVIEW

A review of the theoretical literature describes three fundamental factors of commodity prices. First, most commodi-
ties are used as inputs in the production process so that we expect the derived demand for those commodities and
their prices to increase in response to global economic expansion in the short-run (Alquist & Coibion, 2014; Kilian,
2009; Kilian & Lee, 2014; Kilian & Murphy, 2013; Lombardi & Van Robays, 2012). Second, commodity prices are typ-
ically denominated in U.S. dollars so that a depreciation of the U.S. dollar causes lower commodity prices in terms of
local currency, which, in turn, increases demand for such goods and pushes up the price of the commodity in dollar
terms. Therefore, the exchange rate affects the competitiveness of producers and the purchasing power of consumers
(Cho, Sheldon, & McCorriston, 2002; Frankel, 1986; Saghaian, Reed, & Marchant, 2002; Schuh, 1974). Third, because
monetary policy affects the price of commodities, lower interest rates cut the rate of extraction today and increase
the incentives to keep up inventories. Then, the derived demand for commodities is stimulated and thus the prices of
products increase (Cabrales, Granados, & Joya, 2014).

For a contemporary example, the Fed adopted QE as an unconventional monetary policy during the financial crisis
and its aftermath in which the Fed purchased government and other securities to lower interest rates and increase
the money supply in hopes of accelerating economic growth (Amadeo, 2017). Before the severe recession of 2007-
2009, the Fed held about $800 billion in assets. The Fed started to be carrying out several rounds of LSAPs which
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increased the Fed's balance sheet by four times, including about $2.5 trillion in Treasury securities and $1.8 trillion in
Mortgage-Backed Securities (MBS), with the aim of cutting interest rates in long-term. This created bubbles in com-
modities resulting from expectations driving asset purchases (Foerster & Cao, 2013). More recently, however, signs of
economic recovery have led the Fed to begin raise interest rates by shrinking the balance sheet. As a result, the market
has offered a natural experiment on the impacts of monetary policy changes on commodity price volatility.

Using the Dornbusch overshooting hypothesis (DOH), Frankel (1985a) found that monetary policy and interest
rates are the main factors influencing commodity prices. In Frankel's model, a decrease in the nominal money supply
likely cuts the real money supply. Subsequently, interest rate increases and current commodity prices decrease. There-
fore, the commodity price overshoots (i.e., downwards) their new equilibrium prices in order to generate expectations
of an appreciation and neutralize the increases in interest rate in the long-term. Additionally, reducing interest rates
increases the price of commodities above their equilibrium in the short-term.

Most empirical literature has focused on the effect of monetary policy and oil price fluctuations on the macroeco-
nomic (i.e., Ardeni & Freebairn, 2002; Bernanke, Gertler, & Watson, 1997; Doh, 2010; Hamilton & Wu, 2010; Kilian,
2009; Siami-Namini, 2018). However, some other studies have investigated the impact of monetary policy as a contrib-
utory element of the commodity price volatility. Specifically, these studies address whether commodity prices respond
to monetary changes in the long-term, whereas there are predictable deviations from such neutrality in the short-
term (Frankel, 2006; Frankel & Hardouvelis, 1985b; Hess, Huang, & Niessen, 2008; Hua, 1998; Lunieski, 2009; Swaray;,
2008). They argued that monetary changes can have real short-term effects on the commodity prices. Here, we briefly
review some important points of the empirical results.

The empirical results of other studies showed that a higher money supply would increase the price of commodi-
ties (Chambers & Just, 1982; Dorfman & Lastrapes, 1996; Frankel, 1986; Orden & Fackler, 1989). For instance, Frankel
(1986) postulated that the manufacturing commodity prices respond more slowly to monetary shocks than agricul-
tural commodity prices. He argued that the lower adjustment speed of manufacturing commodity prices to monetary
changes adds to overshooting in agricultural commodity prices. Using a Structural Vector Autoregressive (SVAR) mod-
els, Siami-Namini and Hudson (2016) found that a U.S. monetary contraction has a negative significant effect on the
aggregate commodity price index and commodity subindices included the food price index, agricultural raw materials
price index, maize (corn) price, and crude oil price, and results reinforce the overshooting hypothesis. Also, in another
study, Simai-Namini and Hudson (2017) found that the volatility of the U.S. dollar exchange rate is transmitted to inter-
national agricultural commodity prices.

To the best of our knowledge, existing literature does not give evidence on the impacts of U.S. monetary policy
shocks on the conditional variance series of the commodity price. Therefore, this article contributes to the current
literature through estimating the conditional variance series of commodity price indices using ARMA-EGARCH (1,1)
model. The measure of conditional variance series of variables is important for the design of monetary policy frame-
works, as the commodity prices are volatile. Then, we analyze the impact of monetary policy shocks to the conditional

variance series of commodity prices and test whether the overshooting hypothesis holds.

3 | DATA AND METHODS

We use monthly observations from February 1992 to March 2017, with the main data sources being the Federal
Reserve Bank of St. Louis, the International Monetary Fund (IMF) website, and Yahoo Finance website. The variables
include 10-year treasury constant maturity rate (GS10) as a measure of the interest rate for reflecting both inflation
expectations and financial liquidity; M1 money stock (M1) to examine the effect of money supply on the price of com-
modities!; the trade-weighted U.S. dollar index in terms of major currencies (TWEX) of the Federal Reserve Bank of
St. Louis as a measure of the exchange rate; the consumer price index (CPI) as a measure of inflation to test whether

1 The choice of M1 is simply based on the cash or cash equivalent nature of money so that it can flow into investments most easily. Other aggregates behave
similarly, but we chose the M1 as the most direct measure of free cash in the economy.
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TABLE1 Datadescription

Data Description

GS10 10-year treasury constant maturities rate (Percent)

M1 M1 money stock (billions of dollars)

CPI Consumer price index for all urban consumers (1982-1984 = 100)
TWEX Trade weighted U.S. dollars index: major currencies (1973 = 100)
IP Industrial production: total index (2012 = 100)

CcOM Aggregate commodity price index (2005 = 100)

AGR Agricultural commodity price index (2005 = 100), measured by food and beverage price index
SP S&P 500 commodity index

DJ Dow Jones commodity index (industrial average)

NASDAQ NASDAQ composite index

commodity price impacts of monetary policy go beyond monetary neutrality to changes in relative prices; the industrial
production index (IP) as an indicator of the health of the economy; the IMF aggregate commodity price index (COM)
which includes both fuel and non-fuel price indices; the food and beverage price index of the IMF as a measure of agri-
cultural commodity price index (AGR), Dow Jones industrial average index (DJ), NASDAQ composite index, and S&P
500 (SP) commodity index. The log return series are calculated based on the difference between the log series at time t
and time t-1 and applied in the empirical estimation. All variables (for the log return series) were found to be stationary.
A more detailed description of the data is presented in Table 1.

We extract the conditional variance series of all variables using the EGARCH model proposed by Nelson (1991) to
capture the asymmetric effect of shocks on volatilities and to remove the non-negativity restrictions on the EGARCH
parameters (Nelson & Cao, 1992). The first step involves the univariate time-series estimation, which allows for time
variation in both the conditional mean and conditional variance. We model the conditional mean equation using an
ARMA process, and the innovations are generated from an EGARCH process.

The time series { Rjyt} isan ARMA (p, q) process if { Rjyt} is a stationary solution of Equation (1) for every t,

p q
Rit=u+ Z PiR;e i + Z Oigji—i + &) (1)

i=1 i=1
where R;; denotes the log return of price indexj = 1, ..., nattime t, u is constant, ¢; are parameters of the autore-

gressive part, §; are parameters of the moving average part, and the innovations process {¢;,} is a serially uncorrelated
sequence with zero mean and constant variance. To model the dependence structure in the innovations, Equation (2)
is added:

Sj,t = Gj,tvj,t’ (2)
where the aj?’t component is the conditional variance of the innovations, and v;, is an independent and identically dis-
tributed sequence with mean zero and unit variance. The natural logarithm of the conditional variance is then assumed

to follow the recursions given in Equation (3), which characterize an EGARCH (1,1) process, a variation on GARCH
allowing for asymmetry in the lagged innovations g;;_;:

g=1

Bi In62 ., and (3)
1

p=1
2
Inoly =) + Y (alz il + 7z ) + it
i=1

i=
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where the w; are constants, and zj;_; are the standardized innovations from the conditional mean equations. The
parameter y; allows for an asymmetric ARCH-like effect on the volatility. Statistically significant values of y; < O signal
when the effect of negative returns on future volatility are greater than the positive returns. Likewise, values of
y; > Oindicates that positive returns have a higher impact on volatility than do negative returns.

For the second step, we construct the GARCH variance series (or conditional variance series) from an ARMA-
EGARCH (1,1) process for all variables. The results of the Johansen cointegration test applied to the GARCH variance
series, suggests the existence of long-term relationships between series, indicating the need for construction of the
VECM in order to estimate the parameters pertaining to long-term equilibrium relationships between the variables, as
well as the appropriate short-term adjustment coefficients.

To identify and evaluate the impact of the U.S. monetary policy on the volatility of commodity price, we consider the
following VECM:

p-1
Ay = a+a7my_q+ Z GiAy;_i + €4, (5)
i=1

where « is constant, y; is an x 1 vector holding the series of conditional variances to be studied (n = 6), A is the
first difference operator, = and ¢; are matrices of parameters to be estimated, and ¢; is assumed to be independent and

identically distributed with mean zero. In this article, the vector of endogenous variables is as follows:

[ com, |
GS10,
M1
Ye = e (6)
TWEX,
1P,

| CPl; |

For evaluating the impact of monetary policy shocks on the other commodity price indices, we employ the com-
modity price indices individually in place of the aggregate commodity price index in the first element of the vector
in Equation (6). We assume all variables to have contemporaneous effects on the commodity prices. The final step in
our investigation involves analyzing the IRF characteristics of the model to determine the existence of overshooting
behavior in the commodity prices conditional variance series in response to monetary policy shocks.

4 | EMPIRICAL RESULTS

4.1 | Theresults of ARMA-EGARCH (1,1) model

Figure 1 plots the squared log returns of the time series over the whole study period from February 1992 to March
2017. The plots indicate the presence of volatility clustering, implying that low/high values of volatility tend to be fol-
lowed by low/high values. The results of a Lagrange Multiplier (LM) heteroscedasticity test reject the null hypothesis
of no ARCH effect. Therefore, we estimate the conditional mean and conditional variance equations using the ARMA-
EGARCH (1,1) model described above.

Based on the Akaike's Information Criterion (AIC), we identify appropriate univariate ARMA (p, q) model orders
for the conditional mean equation, allowing for maximum values of p = 13 and g = 13. The resulting ARMA models,
presented in panel A of Table2, indicate which coefficients are statistically significant (Siami-Namini & Siami Namin,
2018). The results of subsequent EGARCH (1,1) volatility modeling based on the residuals of the fitted ARMA mod-
els displayed in panel B of Table 2, indicate that the ARCH parameters, a;, are statistically significant for all series, and
then confirming the rejection of the null hypothesis of no ARCH effect alluded to earlier. The volatility persistence, the
degree of which is measured by the GARCH parameter g; are significant for all series. This fact suggests the presence
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FIGURE 1 Squared log returns of time series over study period [Color figure can be viewed at wileyonlineli-
brary.com]

of volatility clustering in the log returns of all variables, whence we can conclude that the volatility in previous peri-
ods partially explains the current volatility. A larger ARCH parameter implies short-term volatility, whereas a larger
GARCH parameter indicates long-term volatility. As shown in Table 2, the absolute value of GARCH parameters are
larger than the absolute value of ARCH parameters for all series. Therefore, they have long-term volatility. As a result,
the estimates of the EGARCH (1,1) model show that the volatility processes of the commaodities return in question (3)
are dominated by ARCH and GARCH effects.

The asymmetric effect parameter, y; are not significant for aggregate commaodity price index (COM), agricultural
commodity price index (AGR), NASDAQ composite index (NASDAQ), and trade-weighted U.S. dollar index (TWEX). A
negative/positive sign for the asymmetric effect parameter, y; show that a negative/positive shock does have a higher
impact on future. Usually, the effect of a positive shock on future volatility is more than a negative shock. The results of
the asymmetric effect parameter of all series are negative except for inflation, agriculture commodity price index and

money supply, which have a positive asymmetric effect.

4.2 | Theresults of VECM

Using the conditional variance series of all variables obtained from last part, we built five individual vectors autore-
gressive (VAR) models based on the structure of the Equation (6). We selected the optimal lag length for Model 1 to
Model 5, respectively. This is performed based on minimizing the Bayesian Information Criterion (BIC) and eliminating
serial correlation in the residuals. The results of the Johansen cointegration test suggested the existence of a long-term
relationship between the conditional variance series in all five models. Therefore, we constructed our models based on
the VECM approach for identifying the short- and the long-term relationships between the conditional variance series.

The results from the VECM estimation in terms of normalized cointegrating equations and error correction coef-
ficients are presented in Table 3. The coefficients corresponding to the conditional series of GS10 in all models are
negative and statistically significant, with exception of Model 1, where the conditional series of aggregate commodity
price index is used. The negative signs confirm the inverse relationship between the conditional series of interest rates
and the conditional series of the commodity price, which is consisted with theory. The coefficients of the conditional
variance series of M1 in all models are positive and significant. In fact, the conditional variance series of the commodity

price increases are caused by an expansion in the conditional variance series of the money supply due to a reduction in
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the conditional variance series of interest rates. The coefficients of the conditional variance series of the exchange rate
(TWEX) in all models are significant but appear with a negative sign in Model 1. The conditional variance series of the
exchange rate is not the cause of the change in the conditional variance series of the commodity price. The main reason
is that the conditional variance series of exchange rates and the conditional variance series of the commodity price are
commonly determined as the outcome of other factors which might see the strong or weak similar movement between
the volatile commodity prices and exchange rates. The coefficient of the conditional variance series of industrial pro-
duction is negative and significant in Model 2, 3, and 5. The coefficient of the conditional variance series of inflation is
positive and significant in model 4. Error correction terms (ECTs) are also negative, which have the correct signs, but

they are not significant in all five models.

4.3 | Theresults of short- and long-term granger causality/wald test results

The results of the F-test values for both short- and long-term Granger causality are reported in Table 4. Here we focus
on the short- and long-term relationship between the conditional variance series of individual commodity prices and
the conditional variance series of the interest rate as a channel of transmission of monetary policy. As shown in panel A
of Table 4, there is short-term Granger causality running from the conditional variance series of interest rate (GGS10)
to the conditional variance series of agricultural commodity price index (GAGR) and to the conditional variance series
of Dow Jones commodity index (GDJ) in Model 2 and Model 4, respectively. Also, there is a short-term Granger causal-
ity running from the conditional variance series of aggregate commaodity price index (GCOM) to the conditional vari-
ance series of interest rate (GGS10) in Model 1. It means that the aggregate commodity price volatility could influence
the interest rate volatility, which should be considered in monetary policy decisions.

In addition, as the VECM established a long-term relationship between the conditional variance series of variables
in all five models, the estimated coefficients can be used to identify the adjustment period to reach a new equilibrium
price. The ECT coefficient presents, the speed of adjustment to the new long-term equilibrium. As shown in panel B
of Table 4, there is a unidirectional long-term relationship running from the conditional variance series of agricultural
commodity price index (GAGR); running from the conditional variance series of S&P 500 commodity price index (GSP);
and running from the conditional variance series of NASDAQ composite index (GNASDAQ) to the conditional variance
series of interest rate (GGS10) in Model 2, 3, and 5, respectively. Similarly, there is a bidirectional long-term relationship
between the conditional variance series of interest rate (GGS10) and the conditional variance series of Dow Jones
commodity index (GDJ) in Model 4.

Furthermore, the joint test represents the short-term response of all variables to any shocks in the system of equa-
tions in order to restore new equilibrium in the long-term. As shown in panel C of Table 4, the joint test indicates that
there is (1) a unidirectional relationship running from the conditional variance series of aggregate commodity price
index (GCOM) to the conditional variance series of interest rate (GGS10) in Model 1, (2) a unidirectional strong causal-
ity from the conditional variance series of interest rate (GGS10) to the conditional variance series of agricultural com-
modity price index (GAGR) in Model 2, (3) a unidirectional causality running from the conditional variance series of

Dow Jones industrial average index (GDJ) to the conditional variance series of interest rate (GGS10) in Model 4.

4.4 | Theresults of IRF

As explained in Section 3, the U.S. monetary policy shock is identified in a six-variable VAR system. Here, we only ana-
lyze the response of the conditional variance series of individual commodity price to the monetary policy shock, defined
as an increase in the conditional variance series of interest rate (GGS10).

Focusing on the response of the conditional variance series of aggregate commodity price index (GCOM) to
the monetary policy shock, as shown in Figure 2, the effect slowly diminishes until second month, and then the
effect quickly diminishes until 8 months, and starts to increase, and hence bringing back GCOM to equilibrium. The
response appears to be significant, as the effects remain significant up to third years after the shock has occurred.
The other responses have the expected significant sign for the conditional variance series of money supply (GM1), the
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FIGURE 2 IRF of the conditional variance series of aggregate commaodity price index [Color figure can be viewed at
wileyonlinelibrary.com]

conditional variance series of the exchange rate (GTWEX), the conditional variance series of industrial production
(GIP) and the conditional variance series of inflation (GCPI) as well. As a result, the monetary policy shock leads to
a decrease of GCOM, and a temporary effect on relative prices, which is reabsorbed in the medium-term. The hump-
shaped response of GCOM testifies an initial overshooting in the early periods and supports our previous work and its
empirical results (Siami-Namini & Hudson, 2016).

Interestingly, as demonstrated in Figure 3, the response of the conditional variance series of agricultural commodity
price index (GAGR) to an impulse in GGS10 is positive. The positive response refers to the higher cost of storage of
agricultural commodities, which increase the price of this commodity. The findings show that GAGR takes a longer
time to adjust to the equilibrium and support previous empirical results. Frankel (2006) found that adjustment period
for a 1% increase in interest rate is about 6 months.

As shown in Figure 3, the response of the conditional variance series of S&P 500 commodity index (GSP) and the

conditional variance series of Dow Jones industrial average index (GDJ) to an impulse in GGS10 are positive. The
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FIGURE 3 IRF of the conditional variance series of other individual commodities [Color figure can be viewed at

wileyonlinelibrary.com]

positive responses continue until the second month and then decrease. This trend supports the overshooting hypoth-
esis in the early periods. The response of the conditional variance series of NASDAQ composite index (GNASDAQ) to

an impulse in GGS10 is negative in the early periods.

5 | CONCLUSION

In this article, we evaluated the impact of the U.S. monetary policy shock on the commodity price volatility. For this
purpose, we used monthly data from the U.S. economy for the period of February 1992 to March 2017. Using an ARMA-
EGARCH (1,1) model, we estimated conditional mean and conditional variance equation. The estimates of the EGARCH
(1,1) coefficients showed that the volatility processes for the commodities return in question (3) was dominated by the
ARCH and GARCH effect.

We built five individual VAR models based on six endogenous GARCH variance series of variables following struc-
ture of Equation (6). Because of existing long-term relationship between variables, we used VECM approach for iden-
tifying the short- and the long-term relationship between the conditional variance series of variables. Focusing on
the short- and the long-term relationship between the conditional variance series of individual commodity prices and
the conditional variance series of the interest rate as a channel of transmission of monetary policy, we found that the
GGS10 could affect GAGR and GDJ in the short-term. Also, the GCOM could influence GGS10 in the short-term, which
should be considered in monetary policy decisions. Furthermore, we found that GAGR, GSP, and GNASDAQ could
affect GGS10 in the long-term. The findings showed that both GGS10 and GDJ could affect each other in the long-
term.

The results of IRF showed that the monetary policy shock led to a decrease of GCOM, and a temporary effect onrel-
ative prices, which was reabsorbed in the medium-term. The other responses had the expected significant signs. The

hump-shaped response of GCOM indicated an initial overshooting in the early periods. This observation supported
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our previous empirical results (Siami-Namini & Hudson, 2016). The positive response of GAGR to GGS10 described
the high cost of storage of agricultural commodities, which caused the price of the agricultural commodity to increase.
The findings showed that GAGR took a longer time to adjust to the equilibrium and support previous empirical results.
Additionally, the response of GSP and GDJ to an impulse in GGS10 was positive in the early periods supporting over-
shooting hypothesis in the early periods. The response of GNASDAQ to an impulse in GGS10 was negative in the early
periods. As a result, the findings showed that U.S. monetary policy shocks had an impact on commodity price volatility,

and the effect did not appear to be overwhelmingly large but took a longer time to adjust to the equilibrium.
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