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Abstract 
The Vector Error Correction (VEC) model was used to assess the impact of 
monetary policy rate on commodity prices in Ghana. Monthly data on mon-
etary policy rate, commodity prices of cocoa, gold and crude oil from January 
2005 to December 2017 obtained from the Bank of Ghana was used for the 
study. The estimated VEC model aided in establishing long and short run re-
lationships between monetary policy rates and the major commodity prices in 
Ghana. The study revealed that in the long run, monetary policy rates are ne-
gatively correlated to crude oil prices, positively correlated to both cocoa 
prices and gold prices but to a little extent. It was also evident from the study 
that in the short run, the first lag of monetary policy rate is negatively related 
to itself and the second lag of monetary policy rate is positively related to it-
self. Additionally, the first and second lagged periods of cocoa price have pos-
itive influence on monetary policy rate in the short run, but the first and 
second lagged periods of gold price have negative influence on monetary pol-
icy rates in the short run. The Granger causality test also reveals that the 
movement of cocoa prices in Ghana can be explained to cause the movement 
of monetary policy rates and gold prices in short run. A positive shock in 
monetary policy rate will have a positive and persistent effect on itself. Like-
wise, positive shock in monetary policy rate will have a positive and persistent 
effect on cocoa prices. The response generated from a positive shock on 
monetary policy rate has a persistent and decreasing effect on both crude oil 
and gold prices. 
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1. Introduction 

The development of commodity prices has been one of the major foundations of 
concern for policy makers during the past decades. From unindustrialized coun-
tries to developed markets around the world, commodity prices have a great in-
fluence on the undercurrents of economic activity. Their intercontinental trade 
represents one-quarter of the world’s merchandise exchange (Thomasz, Massot, 
& Rondinone, 2016). 

A hefty share of unindustrialized world’s GDP comes from commodity related 
activities. Hence, both long-term trends and short-term fluctuations in com-
modity prices are key determinants of exchange rates, prices, national income 
and the balance of payments (Blanchard & Gali, 2007). In nations with low 
monetary policy standing where the share of commodities in the consumption 
basket is great, food and fuel price shocks might also raise expectations of larger 
inflation in the future (Bleaney & Greenaway, 1993). 

Unlike factory-made goods, primary products have flexible prices which re-
spond very quickly to macroeconomic fundamentals and other intercontinental 
finance concepts. Commodity markets are characterized by spreading shocks 
between markets; they connect commodity importing countries, usually devel-
oped economies, with emerging exporter countries (Tang & Xiong, 2012). 

Anzuini, Lombardi, & Pagano (2012) and Frankel (2008) revealed that mone-
tary policy and interest rate were main driving forces of commodity price and 
monetary policy affects commodity price through supply and demand forces. 
From demand side, low interest rate (expansionary policy) reduces opportunity 
cost of holding money, increases demand for commodities which in turn raises 
price level of economy. From supply side, low interest rate induces firms to not 
extract their inventories which in turn diminish supply level and lift up prices of 
economy (Anzuini & Fornari, 2012). Similarly, Jeffrey A. Frankel (2005), keep-
ing in view Dornbusch overshooting theory, explored that high interest rates 
lead to diminish commodity prices through reducing demand for carrying 
commodity inventories thereby encouraging speculators to shift out of com-
modity contracts into treasury bills. 

Jeffrey A. Frankel (1986) derived a theoretical no-arbitrage link between oil 
prices and monetary policy. Again, Jeffrey A. Frankel & Rose (2010) assessed 
empirically the link commodity prices and monetary policy by using interest 
rates and concluded that interest rates may not fully represent the impact of a 
monetary policy shock. Empirical results indicate that tight monetary policy 
shocks have positive effects on commodity prices, which respond quickly to pol-
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icy shocks and cost push supply shocks. Moreover, tight monetary policy has 
negative effects on real activity of economy that is industrial productivity. Im-
pulse response also demonstrates similar results and commodity prices response 
positively to positive interest rate shocks (Cabrales, Granados Castro, & Ojeda 
Joya, 2014). 

Having information about the behaviour of commodity prices is crucial for 
economic authorities to be able to design and implement economic policies 
since it could affect prices as well as national income, the exchange rate, the cur-
rent account and the fiscal balance. The behaviour of commodity prices also de-
termines portfolio, investment and consumption decisions (Henderson, Pearson, 
& Wang, 2014). 

This paper presents a scholarly analysis of the impact of monetary policy 
shocks on commodity prices in Ghana, employing the Vector Error Correction 
(VEC) model. Specifically, the paper seeks to identify a monetary policy shock in 
a VEC model and assess its impact on commodity prices, the projection of each 
of the commodity prices on this shock and also determine an empirical evidence 
of the significance of these impacts of monetary policy on commodity prices. 

2. Materials and Methods 
2.1. Data 

The data for the study comprises monthly monetary policy rate (MPR), monthly 
commodity prices on cocoa (COC), gold (GLD) and crude oil (CRU) from Jan-
uary, 2005 to December, 2017 was obtained from the Bank of Ghana. It is worth 
noting that these commodities are the major commodities of Ghana. Addition-
ally, empirical evidence (Lütkepohl, Krätzig, & Phillips, 2004) indicates that in-
creasing the number of variables (commodities) and equations does not gener-
ally lead to a better model because doing so makes it more difficult to capture 
the dynamic, inter-temporal relations between variables of interest. In essence, 
increasing the number of commodities in this study will lead to insufficient re-
presentation of the dynamic interactions in the system of variables. 

2.2. Vector Auto-Regression (VAR) and Vector  
Error Correction (VEC) Models 

Sims (1980) defined a VAR as an ad hoc dynamic multivariate model that treats 
simultaneous set of variables equally and in a manner that endogenous variables 
are regressed on its own lags and the lags of all other variables in a finite-order 
system. This approach enables the examination of a dynamic response of a sys-
tem to the shocks without having to depend on restrictions inherent in structur-
al models. 

A VAR model as captured in Bernanke & Blinder (1992), Christiano, Eichen-
baum, & Evans (1998) and Ford, Agung, Ahmed, & Santoso (2003) can be ex-
pressed as: 

( ) ( )t t t tBy C L y D L x= + + ε                    (1) 
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where ty  is a 1m×  vector of endogenous variables, tx  is an “n” vector of 
exogenous variables, B, C and D are matrices of the estimated coefficients, L is a 
lag operator and i is the number of lags or the order of the VAR. The error term 

tε  is a vector of innovation that are i.i.d. 
The reduced form of Equation (1) can be expressed as an MA representation: 

( ) ( )1
t t ty v K L v

I A L
= =

−
                    (2) 

where ( ) ( )1 1
1 ,i

i t tA L B C L A L A L v B− −= = + + = ε  
The structural form or the estimated VAR can be obtained from equation (2). 

This aids in the estimation of impulse response functions and variance decom-
position functions. 

However, if all variables in Equation (1) are integrated with order 1 that is 
I(1), and if there exist co-integration relationships among them, then the result-
ing model is a Vector Error Correction Model (VECM) which can be specified 
as: 

1
1

t t j t j t
j

y y A y
∞

− −
=

′∆ = αβ − ∆ + ε∑                    (3) 

In this study, all the variables were I(1) with co-integration requiring the for-
mulation of a VEC model specified as follows: 

Long run relation 

0 1 2 3ECM ln MPR CRU ln COC ln GLD C= β +β +β +β +         (4) 

Short run relation 

0 1 1 2 2 3 1

4 2 5 1 6 2

7 1 8 2

ln MPR ECM ln MPR ln MPR CRU
CRU ln COC ln COC
ln GLD ln GLD

t t t t t

t t t

t t K

− − −

− − −

− −

∆ = α +α ∆ +α ∆ +α ∆

+α ∆ +α ∆ +α ∆

+α ∆ +α ∆ +

   (5) 

where ECM is the error correction term for both the long and the short run rela-
tionship, MPR, CRU, COC and GLD have their meanings as already defined. 

3. Results and Discussions 

The time series plots for crude oil, gold, cocoa and monetary policy rates are 
captured in Figure 1. The series plot with regards to monetary policy rates 
shows a decreasing trend from year 2005 through the year 2008. Between the 
years 2008 and 2010, there was increasing or upward trend of monetary policy 
rates. The series plot shows a downward or decreasing trend of monetary policy 
rates from the year 2010 through 2012. From the year 2012 through 2016, the se-
ries plot shows increasing trend of monetary policy rates. 

In the context of gold and cocoa, the series plots show increasing trend of 
prices from the year 2005 through 2016. For crude oil, the series plot depicts in-
creasing trend from the year 2005 through 2008; a decreasing trend from the 
month of January, 2008 through June, 2008; an upward trend from June, 2008 
through January, 2014; and a decreasing trend of prices of crude oil from Janu-
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ary, 2014 through the year 2016. 
In checking for the stationarity of the variables, the Augmented Dicker-Fuller 

unit root test and the Philips-Perron test were employed. It is evident from Ta-
ble 1 and Table 2 that the variables attained stationarity after they were diffe-
renced once, that is, the p-values of original series are bigger than 5% and the 
p-values of 1-st difference are smaller than 5%, which indicates we can reject the 
null hypothesis and conclude that the data is stationary. 

As can be seen from Table 3, the p-values of Trace Statistic and Max-Eigen 
Statistic are smaller than 5% for the null hypothesis of none of co-integration  

 

 
Figure 1. Monthly time series plot of crude oil, gold, cocoa and monetary policy rate of Ghana. 

 
Table 1. ADF unit root test. 

Variable 
Level 

t-statistic 
Level 

P-value 
Differenced 

t-statistic 
Differenced 

P-value 

MPR −0.184310 0.6183 −6.109479 0.0000 

CRUDE OIL −0.640914 0.4382 −7.991862 0.0000 

COCOA −0.193012 0.6152 −9.244762 0.0000 

GOLD 0.846189 0.8923 −10.33796 0.0000 

 
Table 2. PP unit root test. 

Variable 
Level 

t-statistic 
Level 

P-value 
Differenced 

t-statistic 
Differenced 

P-value 

MPR −0.138871 0.6343 −13.13974 0.0000 

CRUDE OIL −0.531852 0.4851 −8.030367 0.0000 

COCOA −0.062226 0.6605 −9.034214 0.0000 

GOLD 0.696265 0.8649 −10.33796 0.0000 
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Table 3. Co-integration test. 

Hypothesized 
No. of CE(s) 

Eigenvalue 
P-value 
(Trace) 

P-value 
(Max-Eigen) 

None* 0.206008 0.0096 0.0042 

At most 1 0.071512 0.4534 0.6122 

At most 2 0.037293 0.4438 0.6371 

At most 3 0.015500 0.1221 0.1221 

 
equations (CEs), which indicates we can reject it. And the P-values of Trace Sta-
tistic and Max-Eigen Statistic are bigger than 5% for the null hypothesis of at 
most 1 of CE(s), which indicates we can accept it. Both Trace test and 
Max-eigenvalue test indicate 1 co-integrating eqn(s) at the 5% level. 

The co-integration relationship as captured by Table 3 implies the existence 
of the long term equilibrium relationship of the variables and the short term 
disequilibrium of the generation of dynamic process. Following this result, VEC 
model was estimated to describe the short-term dynamic disequilibrium among 
MPR, CRU, COC and GLD. Selection of lags for the VEC model was based on 
the criterion of AIC and SC. Results from AIC and SC suggest the optimal lag 
length 2 for the VEC model. The results are as follows: 

Long run relationship 
ECM ln MPR 0.221928CRU 0.000698ln COC

0.008232ln GLD 24.48935
= + −
− −

          (6) 

Equation (6) (Error Correction Model) captures the long run relationships 
between MPR and major commodity prices in Ghana. The model reveals that in 
the long run, monetary policy rates are negatively correlated to crude oil prices, 
when crude oil prices increases 1%, the monetary policy rates fall by 0.22%; 
monetary policy rates are positively correlated to cocoa prices but to a little ex-
tent, when cocoa prices increases 100%, the monetary policy rates increase by 
0.06%; and monetary policy rates are positively correlated to gold prices but to a 
little extent, when gold prices increases 10%, the monetary policy rates increase 
by 0.08%. 

Short run relationship for MPR 

1 2

1 2 1

2 1

2

ln 0.007133ECM 0.022969 ln MPR 0.291075 ln MPR
0.000096 CRU 0.001694 CRU 0.000863 ln COC
0.000244 ln COC 0.000577 ln GLD
0.000482 ln GLD 0.006248

t t t t

t t t

t t

t

MPR − −

− − −

− −

−

∆ = − ∆ + ∆

+ ∆ − ∆ + ∆

+ ∆ − ∆

− ∆ +  
In the short run, the first lag of monetary policy rate is negative related to it-

self and the second lag of monetary policy rate is positively related to itself. The 
first lag of crude oil price is positively related to monetary policy rate and the 
second lag of crude oil price is negatively related to monetary policy rate. The 
first and second lagged periods of cocoa price has positive influence on mone-
tary policy rate in the short run, but the first and second lagged periods of gold 
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price has negative influence on monetary policy rates in the short run. 

3.1. Granger Causality Test 

In investigating whether or not one time series is useful in forecasting another, 
the study employed the Granger causality test. This test was used to investigate 
the existence of Granger-causality among MPR, CRU, COC and GLD. Table 4 
captures the results. 

Clearly from Table 4, an F-Statistic = 4.45 and p-value = 0.01, indicates that 
monetary policy rate Granger cause only crude oil prices. Likewise an F-Statistic 
= 3.43 and p-value = 0.03, indicates that cocoa price Granger cause monetary 
prices. 

3.2. Impulse Response Functions and Variance Decomposition 

An impulse response refers to the reaction of any dynamic system in response to 
some external change. This describes how the economic variables react over time 
to exogenous impulses called shocks. Variance decomposition further evaluates 
the importance of different structure impacts through the analysis of each struc-
ture of endogenous variable’s contribution. In other words, variance decomposi-
tion indicates the amount of information each variable contributes to the other 
variables in a vector autoregressive (VAR) models (Li & Liu, 2012). 

Impulse response functions 
The results of the impulse response analysis for a time horizon of 12 months 

to a “one standard deviation” shock on MPR, CRU, COC and GLD are shown in 
Figure 2. 

A positive shock in monetary policy rate will have a positive and persistent ef-
fect on itself. Likewise, positive shock in monetary policy rate will have a positive  

 
Table 4. Granger causality test. 

Null Hypothesis: Obs F-Statistic Prob. 

CRU does not Granger Cause MPR 154 2.39723 0.0945 

MPR does not Granger Cause CRU  4.45097 0.0133 

COC does not Granger Cause MPR 154 3.43350 0.0348 

MPR does not Granger Cause COC  1.77403 0.1732 

GLD does not Granger Cause MPR 154 1.41317 0.2466 

MPR does not Granger Cause GLD  1.72521 0.1817 

COC does not Granger Cause CRU 154 0.51454 0.5988 

CRU does not Granger Cause COC   0.60912 0.5452 

GLD does not Granger Cause CRU 154 0.59754 0.5515 

CRU does not Granger Cause GLD  0.78080 0.4599 

GLD does not Granger Cause COC 154 0.38468 0.6813 

COC does not Granger Cause GLD  2.38027 0.0960 
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Figure 2. Impulse response functions. 

 
and persistent effect on coccoa prices. The response generated from a positive 
shock on monetary policy rate has a persistent and decreasing effect on both 
crude oil and gold prices. 

3.3. Variance Decomposition 

Table 5 displays the variance decomposition of MPR, not considering the va-
riance contribution of MPR to itself; crude, cocoa and gold prices contributed 
about 1%, 3% and 0.6% to MPR respectively. 

It is evident from Table 6 that, not considering the contribution of crude 
price to itself, the contribution of MPR to crude oil price increased gradually all the 
period and reached a maximum of 31% at the twelfth period, at the same period, 
the contribution of cocoa and gold to crude price were 1% and 10% respectively. 

It can be observed from Table 7 that, the variance contribution of cocoa price 
to itself is about 90%, the variance contribution rate of MPR to cocoa was almost 
constant throughout the period and reached a maximum of about 3% at the 
twelve period while the contribution of crude price and gold to cocoa price were 
about 5% and 2% respectively. 

It can be seen from Table 8 that, the variance contribution of gold price to it-
self is about 91%, the variance contribution rate of MPR to gold increased stea-
dily throughout the period and reached a maximum of about 6% at the twelfth 
period while the contribution of crude price and cocoa to gold price were about 
2% and 1% respectively. 
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Table 5. Variance Decomposition of MPR. 

Period S.E. MPR CRU COC GLD 

1 0.571725 100.0000 0.000000 0.000000 0.000000 

2 0.806827 99.12225 0.043003 0.720361 0.114388 

3 1.107392 98.49629 0.052023 1.193458 0.258227 

4 1.344962 97.92072 0.083035 1.673326 0.322922 

5 1.578790 97.51963 0.128447 1.993337 0.358589 

6 1.786211 97.14887 0.208383 2.249880 0.392872 

7 1.983634 96.83086 0.316522 2.424497 0.428117 

8 2.167493 96.51641 0.453538 2.563957 0.466093 

9 2.342990 96.21571 0.606445 2.673578 0.504268 

10 2.509698 95.92652 0.765081 2.767542 0.540857 

11 2.669259 95.65990 0.917869 2.848168 0.574064 

12 2.821762 95.41940 1.058110 2.919294 0.603196 

 
Table 6. Variance Decomposition of CRU. 

Period S.E. MPR CRU COC GLD 

1 0.571725 1.459442 98.54056 0.000000 0.000000 

2 0.806827 0.934554 98.51166 0.553054 0.000732 

3 1.107392 0.779125 98.21123 1.005330 0.004313 

4 1.344962 1.045300 97.46710 1.424476 0.063122 

5 1.578790 1.941270 95.83777 1.805594 0.415363 

6 1.786211 3.939335 92.74226 2.045710 1.272690 

7 1.983634 7.294854 87.92825 2.096390 2.680509 

8 2.167493 11.85247 81.70122 1.996426 4.449884 

9 2.342990 17.02571 74.86974 1.829584 6.274967 

10 2.509698 22.20254 68.21356 1.665906 7.917994 

11 2.669259 26.97605 62.20504 1.537011 9.281898 

12 2.821762 31.18674 56.99575 1.445123 10.37238 

 
Table 7. Variance Decomposition of COC. 

Period S.E. MPR CRU COC GLD 

1 0.571725 0.141954 2.455244 97.40280 0.000000 

2 0.806827 1.427710 2.413723 95.95473 0.203840 

3 1.107392 1.342973 1.971971 95.62395 1.061107 

4 1.344962 1.410244 1.795249 95.13043 1.664074 

5 1.578790 1.415993 1.851479 94.79513 1.937399 

6 1.786211 1.503113 2.121074 94.36047 2.015342 

https://doi.org/10.4236/jfrm.2020.94020


E. Y. Boateng et al. 
 

 

DOI: 10.4236/jfrm.2020.94020 386 Journal of Financial Risk Management 
 

Continued 

7 1.983634 1.622042 2.581439 93.80723 1.989293 

8 2.167493 1.792796 3.166628 93.12703 1.913547 

9 2.342990 1.985095 3.799697 92.39374 1.821467 

10 2.509698 2.189323 4.414197 91.66665 1.729834 

11 2.669259 2.386894 4.969335 90.99718 1.646592 

12 2.821762 2.570209 5.446868 90.40839 1.574534 

 
Table 8. Variance Decomposition of GLD. 

Period S.E. MPR CRU COC GLD 

1 0.571725 5.58E-06 1.596358 0.408745 97.99489 

2 0.806827 0.541596 2.343087 3.649474 93.46584 

3 1.107392 0.733302 2.086245 3.335461 93.84499 

4 1.344962 1.389414 1.590777 2.671667 94.34814 

5 1.578790 1.970989 1.257505 2.205155 94.56635 

6 1.786211 2.634973 1.105702 1.865514 94.39381 

7 1.983634 3.250143 1.110002 1.603310 94.03655 

8 2.167493 3.852819 1.218028 1.395286 93.53387 

9 2.342990 4.401011 1.379762 1.228088 92.99114 

10 2.509698 4.900163 1.555202 1.092437 92.45220 

11 2.669259 5.339236 1.720167 0.981677 91.95892 

12 2.821762 5.722496 1.862899 0.890435 91.52417 

3.4. Model Diagnostics 

The VEC serial correlation LM test which is distributed as chi-square has a value 
of 13.98687 (p-value = 0.5997) and the VEC Residual Portmanteau Tests for 
Autocorrelations had a value of 14.71663 (p-value = 0.9813). This shows that the 
diagnostic tests for serially uncorrelated errors, normality, and heteroscedasticity 
are satisfied at 5% level of significance. Recursive estimation of the errors also 
suggests that the regression coefficients are stable over the sampled period. This 
is because the Cumulative Sum (CUSUM) plot based on the recursive residuals 
given in Figure 3 does not show evidence of statistically significant breaks. The 
CUSUM plot shows the stability of the VEC model. 

Findings of this study provide a comprehensive understanding of the dynamic 
relationship among the movement monetary policy rates and the major commodity 
prices in Ghana. In line with the earlier findings made by Anzuini et al. (2012) and 
Cabrales et al. (2014) the present study based on Johansen’s co-integration test con-
firms the existence of a significant long run co-integrating relationship between 
monetary policy rates and the major commodity prices in Ghana. The causality test 
based on VECM framework indicates a significant unidirectional long term causal-
ity which runs from Ghanaian cocoa prices to monetary policy rate. 
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Figure 3. CUSUM test for stability. 

 
In as much as the VEC model established a short run relationship between 

monetary policy rate and the major Ghanaian commodity prices, there was no 
significant effect or impact of monetary policy rates on the major Ghanaian 
commodity prices. This is may be due to lack of added value to the commodities 
such as the gold and cocoa. 

4. Conclusion 

The study employed the Vector Error Correction (VEC) model to assess the im-
pact of monetary policy rate on commodity prices in Ghana. It is evident from 
the study that in the long term, there is an equilibrium relationship among MPR, 
crude oil, cocoa and gold prices. The study revealed that in the long run, mone-
tary policy rates are negatively correlated with crude oil prices, when crude oil 
prices increase by 1%, the monetary policy rates fall by 0.22%; monetary policy 
rates are positively correlated with cocoa prices but to a little extent, when cocoa 
prices increase by 100%, the monetary policy rates increase by 0.06%; and mon-
etary policy rates are positively correlated with gold prices but to a little extent, 
when gold prices increase by 10%, the monetary policy rates increase by 0.08%. 

It was also evident from the study that in the short run, the first lag of mone-
tary policy rate is negatively related to itself and the second lag of monetary pol-
icy rate is positively related to itself. The first lag of crude oil price is positively 
related with the monetary policy rate and the second lag of crude oil price is ne-
gatively related to monetary policy rate. The first and second lagged periods of 
cocoa price has positive influence on monetary policy rate in the short run, but 
the first and second lagged periods of gold price have negative influence on 
monetary policy rates in the short run. 

It can be seen from the impulse response function and variance decomposi-
tion of the variables that the shock to the cocoa, gold and MPR is mainly caused 
by the change of themselves and MPR has a greater impact on crude oil prices 
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and a relatively small impact on gold and cocoa prices. 
In as much as the VEC model employed by the study established the long and 

the short term relationships or the dynamic relationships of the macroeconomic 
variables considered in the study, there were some limitations of the VEC model. 
One of the drawbacks of the VEC model was its inability to handle several va-
riables. Several variables in VEC model imply several parameters to be estimated 
which may cause over-parameterization. Consequently, in this study, several 
commodities such as bauxite, diamond, and manganese were not considered. 

Another drawback of the VEC model was conditional forecasting which 
means that a variable interest is predicted, while values for different variables 
within the VEC model are assumed over the prediction interval. As a result, pre-
diction or forecasting was not conducted in this study. For future studies to ad-
dress these limitations, the study suggests the utilization of the Bayesian Multi-
variate Time Series methods. 
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