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Crude Oil Prices and Liquidity, the BRIC and G3 countries

1. Introduction

A number of papers in the literature have emphasized the effect of global liquidity on the
prices of broader categories of assets and on the prices of goods. Darius and Radde (2010) argue that
the current interest in global liquidity is tied to the possible implications for the determination of
asset prices and to the view that the effectiveness of domestic monetary policy is debilitated due to
external global factors. Belke, Orth and Setzer (2010) document that global liquidity has risen since
2001 with impacts on the price of assets in inelastic supply such as housing and commodities.*
Brana, Djigbenou, and Prat (2012) link global excess liquidity to asset prices in emerging economies.
Belke, Bordon and Hendricks (2010) find that causality between monetary aggregates and oil prices
runs both ways. Barsky and Kilian (2002) connect large increases in global liquidity measured by
money growth in the United States and nine other OECD countries with the substantial increase in
commaodity prices preceding the increase in oil prices in 1973-1974. Baks and Kramer (1999), Ruffer
and Stracca (2006) and Sousa and Zaghini (2007) find that global excess liquidity signals
inflationary pressure at a global level. D’Agostino and Surico (2009) demonstrate that global
liquidity has predictive power for the U.S. inflation rate.

In parallel with these analyses Hamilton (2009; 2011) and Kilian and Hicks (2012) associate
the rise in real oil price over 2003-2008 with growth in emerging economies, primarily that in China
and India. In this paper we seek to determine the influence of liquidity as it arises from the major
developed and major developing economies on the price of crude oil. Our view is that increases in
liquidity increase oil prices and that it matters where the innovation in liquidity is originating. The
major developing economies are taken to be the BRIC countries comprised of Brazil, the Russian

Federation, India and China. The BRIC countries have not only had dramatic increases in real

! Adalid and Detken, (2007) and Greiber (2007) find that liquidity spill-overs impact real house prices. Darius and Radde
(2010) show that global liquidity has impacts on house prices and a commodity price index (but not equity prices and oil
prices). Gerdesmeier, Roffia and Reimers (2009) find that high money and credit growth are associated with an asset
price boom some quarters later.



income, but also considerable increases in liquidity in recent years. A structural vector error
correction model is employed in the analysis.

Unanticipated increases in the BRIC countries’ liquidity lead to significant and persistent
increases in real oil prices, global oil production and global real aggregate demand. The responses of
global oil production, global real aggregate demand and real oil prices to an unanticipated shock to
the liquidity of developed countries are not as large and are not statistically significant. The relative
contribution to real oil price of liquidity in BRIC countries compared to that of liquidity in developed
countries is much greater since 2005 than before 2005. The relative contribution of the BRIC
countries’ liquidity to real oil price is particularly marked during 2007 and 2010. Oil price fell
sharply at the end of 2008 and then rose strongly over 2009-2010 when the global economy was
weak. It is shown that this strong rebound in oil price during 2009 is mostly due to strong effects of
shocks to liquidity in the BRIC countries.

It is found that China and India (major commodity importing countries) drive the results for
the effect of BRIC countries’ liquidity on real oil price and global oil production. China and India
and Brazil and Russia reinforce one another on the effect of liquidity on global real aggregate
demand. Due to the difference between the two groups of emerging countries in terms of their
differences as commodity importers/exporters, the liquidity of Brazil and Russia (major commodity
exporting countries) increases significantly with a rise in real oil price whereas that of China and
India decreases significantly with a rise in real oil price. The analysis helps understand the causes of
movement in oil prices over the last twenty years and assists in assessing the importance of the BRIC
economies in the upsurge of the real price of crude oil.

The behaviour of the BRIC countries’ liquidity and that of other major countries is examined
in Section 2. The structural vector error correction (SVEC) model for analysis of liquidity and real

crude oil prices is discussed in Section 3. The empirical results are presented in Section 4. The



question of whether China and India drive the results is examined in Section 5 and tests of robustness

of results are conducted in Section 6. Section 7 concludes.

2. The BRIC and G3 countries’ Liquidity

In this study we will use real M2 as a measure of liquidity for the BRIC (Brazil, Russia, India
and China) and G3 (Eurozone, Japan and U.S.) countries. This is determined by the availability of
monthly M2 data for the countries involved over 1997:1 to 2011:12.2 The BRIC countries have
become much more important providers of global liquidity in recent years. Information on M2 in
U.S. dollars for the BRIC countries and for the G3 over 1997:01-2011:12 is provided in Figure 1.
Figure 1a presents the nominal money supplies of Brazil, Russia, India and China and Figure 1b
presents the nominal money supplies for the Eurozone, Japan and the U.S. The scale of the left hand
side of Figure 1a is for M2 for Brazil, Russia and India, and the scale of the right hand side of Figure
la is for M2 for China. Over the fifteen years from 1997:01 to 2011:12 M2 is up approximately by
factors of 4.8, 15.5, 7.5 and 14.2 in Brazil, Russia, India and China, respectively. Overall, M2 for
the BRICs is up by a factor of 13.3. In contrast, over 1997:01 to 2011:12, M2 is up by factors of 2.6,
2.2 and 2.5 in the Eurozone, Japan and the U.S., respectively, and M2 is up by a factor of 2.4 in the
G3.

The rise of BRIC countries money supply as share of global money supply has been marked.
If Global M2 is taken to be the sum of the M2 in the BRICs and in the G3, in Figure 1c the BRICs

share of global M2 has increased from 8.4% in 1997:01 to 33.3% in 2011:12. The rate of increase in

2 A variety of measures of global liquidity have been employed in the literature. Sousa and Zaghini (2007) construct a
quarterly (G5) global liquidity indicator based on aggregating broad money indicators for the U.S. (M2), Japan (M2+),
the United Kingdom (M4), the Eurozone (M3) and Canada (M2+). The monetary aggregate used for each country is
indicated in parenthesis. Belke et al. (2010) build a quarterly global liquidity indicator built on monetary aggregates for
the U.S., the Eurozone, Japan, United Kingdom, Canada, South Korea, Australia, Switzerland, Sweden, Norway and
Denmark. The monetary aggregate is M2 for the US, M3 for the Eurozone, M2 plus cash deposits for Japan, M4 for the
UK and mostly M3 for the other countries. For a measure of global liquidity based on narrower monetary aggregates
Brana et al. (2012) construct a monthly global monetary base founded on the U.S., United Kingdom, Japan, Australia,
New Zealand, Sweden, Denmark, the Eurozone, China, South Africa, ten countries from Central and Eastern Europe
including Russia, and Qatar, Kuwait and Saudi Arabia. Darius and Radde (2010) construct a quarterly measure of global
liquidity given by the sum of the U.S. monetary base and world international reserves. Ruffer and Stracca (2006) and
Brana et al. (2012) provide a review and discussion of alternative measures of global liquidity.
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M2 in the BRIC countries has also been relatively large when scaled by nominal GDP (showing an
unprecedented upward trend after 2008). This is illustrated in Figure 1d. Over 1997-2011 the
M2/GDP ratio for the G3 increased by 36% and for the BRICs has increased by 137%. The monetary
aggregate/nominal GDP ratio has been adopted as an excess liquidity in a number of studies.

The real oil price in U.S. dollars based on an index of 100 in 1997:01 is shown in Figure 1e.
The index for real oil price stands at about 398 in 2011:12, having peaked at 531 in 2008:06. An
index for the sum of real M2 in U.S. dollars in China and India is also shown in Figure 1le. The
deflator is the U.S. CPI. In this paper we investigate whether liquidity in China and India and in the

BRIC countries has played a role in influencing the real price of oil.

3. The model

Hamilton’s (1983) influential paper on the effect of oil prices on the U.S. economy treated oil
prices changes as exogenous over the post-World War 1l period. This assumption was retained in
work by Kim and Loungani (1992), Lee, Ni and Ratti (1995), and Bernanke, Gertler and Watson
(1997), among many others. Leduc and Sill (2007), Bodenstein, Erceg and Guerrieri (2008) and
Gillman and Nakov (2009) relax this belief and treat oil price as endogenous and oil as either fixed in
supply or with supply growing at an exogenously given rate. The endogeneity of global oil
production and oil production decisions is now receiving greater attention in the literature. Elekdag
et al. (2008) model oil producers as operating under monopolistic competition and Nakov and
Pescatori (2010) model productions decision in the oil sector in which there is a dominant producer.
Bodenstein, Guerrieri and Kilian (2012) develop a DSGE model and analyse interdependency
between monetary policy and supply and demand for oil in global markets. A major contribution by
Kilian (2009) is the decomposition of the structural shocks influencing the movement of real oil

price and an examination of how these structural shocks evolve over time.



In this paper the real price of oil and oil production are treated as endogenous. In our model
we examine the contributions to real oil price from global oil supply, global real aggregate demand,
specific oil-demand, aggregated real M2 for G3 countries, and aggregated real M2 for BRIC
countries shocks. A structural vector error correction model will be employed in the analysis. The
shocks that cannot be explained by oil supply, global real aggregate demand and monetary aggregate
shocks will reflect the oil-specific or precautionary shocks due to worries about future oil supplies.®
3.1. Data and variables

The sample period is from 1997:1 to 2011:12. The starting date is dictated by the
availability of monthly M2 data for the Russian Federation and for China. The variable GO, is the
global oil production in millions of barrels average pumped per month from U.S. Department of
Energy. Global real aggregate demand AD, is the global industrial production index reported by
International Financial Statistics (IMF).* Real oil price RP;, is the spot price of Western Texas
Intermediate (WTI) oil from the U.S. Department of Energy divided by the U.S. consumer price
index (CPI).°

G3M?2, is constructed by aggregating M2 in U.S. dollars for the three largest economies, the
United States (U.S.), the Eurozone and Japan divided by the U.S. CPI. Finally, BRICM2, is the
aggregation of M2 in U.S. dollars for the developing economies; Brazil, Russian Federation, India
and China divided by the U.S. CPI. The M2 data for U.S., Eurozone, Japan, Brazil and Russian
Federation is from International Monetary Fund and the Federal Reserve Bank of St. Louis, while

Chinese and Indian M2 are from People’s Bank of China and Reserve Bank of India, respectively.®

® These shocks are the residual of real oil price equation in Kilian (2009).

* Advantages of global industrial production reported by the IMF are that it is available at a monthly frequency in
contrast to real GDP which is only available quarterly.

> In the literature on oil price shocks most of the analysis is in terms of real oil price effects. The deflator is usually the
U.S. CPI.

® Note for India the monetary aggregates L2 has been used as a proxy of M2, as the Reserve Bank of India does not
report monthly M2 aggregates for this period.



The exchange rate data to convert M2 series from domestic currency into U.S. dollars was obtained
from Federal Reserve Bank of St. Louis.’
3.2. Unit root and co-integration

Engle and Granger (1987) point out that a linear combination of two or more nonstationary
series may be stationary. The stationary combination may be interpreted as the cointegration. When
variables are cointegrated is standard in the literature to specify the model using a structural vector
error correction model (VEC) rather than a vector autoregressive model (VAR).

To verify the order of integration in our data we test for unit root process, the Augmented
Dickey Fuller (ADF), Dickey Fuller GLS (DF-GLS) and the Phillip-Perron (PP) unit root tests
reveal that the logs of GO, AD;, RP;,, G3M2;, BRICM2, are only first difference stationary or
integrated of order one 1(1).2 The null hypothesis of unit root cannot be rejected even at 20% level
for those series in levels but can be rejected at 1% level of significant when these series are
differentiated. Results are confirmed by the Kwiatkowski-Phillips-Schmidt-Shin (KPSS) test where
the inverse null hypothesis is tested. These test results are reported in Table 1.

To formally establish the cointegration relationship among these five variables, we use the
Johansen’s cointegration test.” We include the logs of the five I(1) variables in a VAR model using
the variable order described in equation 4 and the lag structure determined by the Schwarz Bayesian
Criterion (SBC). The standard VAR Johansen trace and eight values test consistently support the
hypothesis of one cointegration vector among the five variables in both cases, when no intercept or
trend are included in the error correction term (ECT) and when intercept or trend is included in the

VAR system as reported in Table 2.

3.3 Methodology

" Russian federation exchange rate has been interpolated from the annual series as monthly data for Ruble /U.S. dollars is
not available for the full sample period.

® Note that for the variable log(BRICM2,) only the ADF and PP test indicate this variable is 1(1) in table 1a. Further tests
(e.g. Elliot-Rothenberg-Stock (ERS) and Ng-Perron (NP)) and optical inspection also support the hypothesis of
log(BRICM?2,) being 1(1).

° For more detail of this test please see Enders (2004), pp. 362.
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To identify changes in real oil price arising from oil supply shocks, global real aggregate
demand shocks, oil sector specific-demand shocks, and shocks to real M2 for G3 countries and real
M2 for BRIC countries we employ a structural VEC model (SVEC) model capturing the
cointegration among all variables in the system. The SVEC model is expressed in matrix form as (for

simplicity the constant term is omitted):

BoX; =B + Z{:l BiXi i + pECT;_1+ & (1)
where | is the optimal lag length, determined by the SBC (two lags in this case), X, is vector of
endogenous variables, ECT; is the error correction term, and ¢, is the vector of structural changes,

which is serially and mutually independent.

The endogenous variables in the model are:

X; = [Alog(GO,), Alog(AD,), Alog(RP;), Alog(G3M?2,),Alog(BRICM2,) ]| (2)
And the error correction term (ECT):
ECT; = 1og(G0O,) — B — ¢ log(AD,) — v log(RP;) — 6 log(G3M2,) — alog(BRICM?2,)
©)

Consistent with our cointegration tests in Table 2 and restrictions imposed in equation 4 (Cholesky
lower triangle matrix), the ECT, is specified by normalizing the less endogenous variable in the
system ( log(GO,)) and specifying a constant term but no trend.

To identify the model restriction are imposed in the B, X, vectors as follows:

1 0 o o o 480
—byy 1 0 0 off Alog(AD,,,)
B,X; =|—b3o —bs1 1 0 0 Alog(RPt,30) (4)
—byo —byy —byy 1 0 Alog(G3M2, 49)
l~bso by ~bsz ~bsa 1J_Alog(BRICM2t’50)_

Model restrictions are similar to those in Killian (2009), to the extent possible, given the

inclusion in our model of the monetary variables and estimation of a SVEC model.'® Restrictions are

10 Kilian’s (2009) model is a structural VAR and not a SVEC.
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only imposed in the contemporaneous matrix. These restrictions are placed using Cholesky lower
triangle matrix shown in equation (4). The restrictions in equation (4) imply that shocks to oil
production are assumed to not respond to the other structural shocks contemporaneously, since oil
production is unlikely to respond to the other shocks within the same month. Global real aggregate
demand is assumed to respond contemporaneously to, for example, an oil production shortage, but
not to monetary variables and oil prices. Innovations to the real price of oil not explained by shocks
to oil supply or global real aggregate demand will reflect changes in the sector specific demand for
oil. The system (4) implies that shocks to global oil production, global real aggregate demand, and
real oil price will influence contemporaneously by real M2 in the G3 and in the BRIC countries, and
not the reverse. The placing of monetary variables after that of real oil price is consistent with Kilian
and Lewis (2011).* It is assumed that the BRIC countries’ M2 depends contemporaneously on the

G3 M2 due to smaller aggregate size.

4. The empirical results
4.1. VEC model results

In table 3, the five equations system results for the VEC model are presented.
Contemporaneous BRICM2 is statistically significant explaining oil production and with lags
statistically significant explaining real aggregate demand and real oil prices. However, the G3M2 is
not statistically significant explaining neither oil production, real aggregate demand or real oil prices.
The error correction coefficient is statistically significant at 1% for the oil production equation and
statically significant at 12% for both real oil prices and BRICM2. This confirms that when there is a
deviation from the cointegration relationships as measure by the ECT, mainly changes in oil

production, real oil prices and BRICM2 adjust in the return to the long term equilibrium.

1 Kilian and Lewis (2011) includes the Federal fund rate in a structural VAR model immediately after the real oil price
in an analysis of the relationship between monetary policy and real oil prices.
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4.2. Impulse response function results

Figure 2 shows the responses of the variables in the SVEC to one-standard deviation
structural innovations. The dashed lines represent a two standard error confidence band around the
estimates of the coefficients of the impulse response functions.™ In the first column are shown the
responses of global oil production, global real aggregate demand, real price of oil, G3 real M2 and
BRIC real M2 to a structural (positive) innovation in global oil production. The effect of an
unanticipated supply disruption on global oil production is very persistent and highly significant. An
unanticipated negative innovation in global oil production does not cause significant effects on the
real price of oil or on global real aggregate demand. A disruption to global oil production causes an
insignificant decline in BRIC country M2, and a decline in G3 M2 that is significant in the first
month.

In the second column of Figure 2 a positive global real aggregate demand shock has a
persistent positive effect on global oil production that is not statistically significant. An unanticipated
global real aggregate demand expansion has a very persistent and highly significant effect on global
real aggregate demand that rises over time. A positive global real activity shock has a positive and
persistent effect on real oil prices that is statistically significant for about five months.® A positive
shock to global real activity causes G3 real M2 to increase, significantly in the first month, and then
gradually erode. A positive shock to global real activity causes BRIC real M2 to fall, but the effect is
not statistically significant.

The effects of an oil market—specific demand shock are shown in column 3 of Figure 2. In the

third row of column 3 a positive shock in oil market-specific demand shock has a large and persistent

12 The confidence bands are obtained using Monte Carlo integration as described by Sims (1980), where 5000 draws
were used from the asymptotic distribution of the VAR coefficient.

3 This result is different from the finding by Kilian (2009) for 1973:1-2007:12 in that a positive shock to global real
aggregate demand for all industrial commaodities resulted in a significant oil price increase that builds up over the first
year and then is sustained at a large value. The difference in findings here is due to the different sample periods rather
than use of Kilian’s (2009) SVAR and measurement of aggregate demand by demand for all industrial commodities or
the inclusion of M2 variables in the SVAR. For a 3 variable SVAR along the lines of Kilian’s (2009) model estimated
over 1996:1-2011:12, results are that a positive shock to aggregate demand for all industrial commodities causes a
significant effect on real oil price only over the first three months (after which the effect gradually erodes).
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positive effect on the real price of oil. This effect is highly statistically significant and rises in
magnitude over the first three months. An oil market—specific demand shock is not associated with
significant effects on global oil production, but is linked with significant increases in global real
aggregate demand. A positive oil market—specific demand shock is associated with insignificant
declines in G3 real M2 and increases in BRIC real M2.

In the fourth and fifth columns are shown the responses of the variables to structural
innovations in G3 M2 and BRIC M2, respectively. In response to an unanticipated increase in the
BRIC countries’ real M2 there are significant and persistent increases in global oil production, global
real aggregate demand and in real oil prices. After the shock to BRIC real M2, the increase in global
oil production builds up and is statistically significant after the fifth month and remains so for the
remaining fifteen months shown. The rise in global real aggregate demand is statistically significant
over all twenty months. The increase in real oil prices is statistically significant for sixteen months.
The responses of global oil production, global real aggregate demand and real oil prices to an
unanticipated shock to G3 real M2 are not statistically significant and are much smaller than the
responses to shocks to BRIC M2.

These results underline the fact that for effects on real oil prices it matters where the
innovation in money is originating. Over 1997:01-2011:12 an innovation in BRIC countries’ real M2
has significant effects on oil production, on global aggregate demand and on real oil price, whereas
an innovation in real M2 in the G3 does not. A further asymmetry between the roles of BRIC real
money and G3 real money lies in the effects that they have on each other. In the fourth column and
last row of Figure 2, an unanticipated increase in the G3 real M2 significantly increases BRIC
countries’ real M2. The effect is substantial within two months, persists and remains statistically
significant even after twenty months. An unanticipated increase in the BRIC countries’ real M2, on
the other hand, does not significantly affect G3 real M2.

4.3. Historical decomposition of real oil price
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The cumulative contribution to the real price of oil of the structural shocks to global oil
production, global real aggregate demand, oil-specific demand, G3 real M2 and BRIC real M2 are
reported in Figure 3 from estimating the SVEC model in equation (4). For background it should be
noted that in the monthly data, spot prices per barrel for WT1 are $58.14 in January 2007 and $140 in
June 2008. Spot price for WT1 is $41.68 in January 2009 and is $133.93 in April 2011.

The behaviour of the contributions of global demand, G3 and BRIC real M2 to real oil price
during the early part of the period in Figure 3 reflects the recovery from Asian financial crisis with
world petroleum consumption returning to strong growth in 1999 and then the onset of recession in
the U.S. beginning in March of 2001. On the production side, the cumulative contribution of shocks
to global oil production to real oil price over 2002 is related to a number of factors. In 2003 there
was political unrest in Venezuelan and the second Persian Gulf War. Hamilton (2011) notes that
further contributing factors to stagnation of oil production over 2002-2008 includes instability in
places like Iraq and Nigeria, a fall in production from the North Sea and from fields in Mexico and
Indonesia, and that Saudi production was lower in 2007 than in 2005.%

In Figure 3 the rapid increase in oil price leading to a peak in June 2008 is associated with
positive global real activity, low spare production capacity, positive structural shocks to G3 real M2
and to BRIC real M2. The fall in oil price from July 2008 to January 2009 is associated with the
global financial crisis during late 2008, recession in the U.S. over December 2007 to June 2009, and
weak growth in Europe. This is reflected in Figure 3 in that the cumulative contribution of structural
shocks to global real aggregate demand are extremely low in late 2008 and early 2009. OPEC
decreases production target from September 2008 to January 2009. The contribution to real oil price
of G3 real M2, BRIC countries’ real M2, and oil specific precautionary demand are also very small

or negative at the end of 2008.

“ Hamilton (2011) provides an authoritative review of oil shocks over an extended period and especially for post war
period. A general strike in VVenezuela reduced oil production at the end of 2002 and the beginning of 2003, and that the
U.S. attack on Iraq starting in March 2003 further reduced oil production.

12



The cumulative impact of the BRIC countries’ real M2 on the real price of crude oil is
substantial in the recovery of oil price during 2009 and 2010 from a low of $41.68 in January 2009.
Cumulative effects of positive structural shocks to global real aggregate demand contribute to the
rise in oil price from January 2009 through April 2011 only through the latter half of the period.
During 2011 oil production is disrupted in Libya and there is political turmoil in several Middle
Eastern countries. Oil specific precautionary demand made a cumulative contribution to real oil
prices at the end of 2009 and during 2011.

Figure 4 shows the difference in the cumulative effect on real oil price of structural shocks to
BRICM2 and G3M2 over 1998:01-2011:12. A positive (negative) value for difference in cumulative
effect of structural shocks to BRICM2 and G3M2 on real oil price indicates larger (smaller) effect of
G3M2 on real oil price than that of BRICMZ2. It is striking in Figure 4 that the relative contribution to
real oil price of liquidity in BRIC countries to liquidity in G3 countries (while shifting over time) is
much greater since 2005 than before 2005. The relative contribution of the BRIC countries’ liquidity
to real oil price is particularly marked during 2007 and 2010. This reflects the fact that the influence
of BRIC countries on the commodity markets has become much more important in recent years.

4.4. Historical decomposition of global oil production

The cumulative contribution to global oil production of the structural shocks to global oil
production, global real aggregate demand, oil-specific demand, G3 real M2 and BRIC real M2 can
also be calculated from the estimated SVEC model in equation (4). We note from the impulse
response results that positive shocks in the BRIC countries’ liquidity lead to significant and
persistent increases in global oil production, and that shocks to the liquidity of the G3 countries do
not. To economize on space we only report the cumulative effect on global oil production of
structural shocks to BRICM2 and G3M2 in Figure 5. The relative contribution to global oil

production of liquidity in BRIC countries to liquidity in G3 countries, like that of the effect on real
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oil price, has become much more important in recent years. The relative contribution of the BRIC

countries’ liquidity to global oil production is particularly marked since 2006.

5. Do China and India drive the results?

The countries, Brazil, Russia, India and China, are grouped and given the acronym BRIC on
account of their being the four largest fast growing emerging economies. However, with regard to
the export and import of oil and other commodities their status is very different.*> China and India
are major commodity and oil importers and Brazil and Russia are major commodity exporters (Brazil
is self-sufficient in energy). The net export status of the economy with regard to energy products has
implications for how a rise in the price of oil would affect real M2. For this reason we will separate
the BRIC countries into a group comprising China and India a group comprising Brazil and Russia.*®
5.1. Model with China/India and Brazil/Russia

A six-variable VEC system analogous to equations (1) to (4) is specified.” BRIC real M2 is
divided into two variables. The first variable, CIM2,, is real M2 for China and India, and the second
variable, BRM?2,, is real M2 for Brazil and Russian Federation. CIM2, and BRM?2, are M2 in U.S.
dollars divided by the U.S. CPI.

Following equation (1), the endogenous vector-variables become:

X, = [Alog(GO,), Alog(AD,), Alog(RP;), Alog(G3M2,), Alog(CIM2,), Alog(BRM2,)] (5)

And the error correction term (ECT;) becomes:

1> Brazil and Russia are commodity rich economies including in energy products; Brazil in iron ore, coffee, soybeans,
sugar, beef, oil and gas, and Russia in oil and gas, coal, gold, aluminum, nickel, gold and timber. Details on China and
India as net importers and Brazil and Russia as net exporters of commodities and energy can be found at:
http://www.imf.org/external/pubs/ft/weo/2012/01/pdf/c4.pdf .

18 Frankel and Rose (2010) note the role of growth in India and China as a major factor in the increase in commodity
prices in the 2000s. They observe that even given this influence the acceleration of commodity prices between mid-2007
and the peak around the second half of 2008 is hard to explain given the down grade in expected growth in the real
economy in response to the U.S. sub-prime mortgage crisis. The surge in liquidity in the BRIC countries, and particularly
China, is consistent with the strong rise in oil and commaodity prices over 2007-2008. For example BRIC M2 surged over
28% between June 2007 and September 2008, and that for China by over 33% over the same period.

" Note that CIM2,and BRM2, are I(1) variables as evidence from figure 1a and confirm by the ADF, DF-GLS. PP and
KPSS. The standard VAR Johansen trace and eight values test of these six variables VAR-systems support the hypothesis
of one cointegration vector among these variables.
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ECT; =log(GO;) — B — ¢ log(AD;) — y log(RP;) — 8 log(G3M2,) — ¢ log(CIM2,) —
9log(BRM?2,) (6)

Analogous to equation 4,® the identification restrictions in B,X, vectors become in:

. 0 0 0 0 0 Alog(GOt,lo)

—by, 1 0 0 0 off Alog(AD,,,)

—b30 —b31 1 0 0 0 AlOg(RPt 30)
B,X, = / /
ot _b40 _b41 _b42 1 0 0 AlOg(GBMZtA,()) ( )

—bsg —bs; —bs; —bs3 1 0 Alog(CIM2; 50)

| —b —b —b —b —b 1 '

60 61 62 63 64 _Alog(BRMZt_@)_

5.2. Results for China/India and Brazil/Russia

Figure 6 shows the responses of the variables in the model 2, the six variable SVEC, to one-
standard deviation structural innovations. The finding that an innovation in BRIC countries’ real M2
has significant effects on oil production, on global aggregate demand and on real oil price is refined.
The responses of global oil production, global real aggregate demand and real oil prices to an
unanticipated shock to China’s and India’s real M2 are both large and statistically significant (in the
first three rows of column 5 in Figure 6) and in accord with the results noted for the BRIC countries
overall .

The response of global real aggregate demand to an unanticipated shock to Brazil’s and
Russia’s real M2 is also positive, large and statistically significant, but the response of real oil price
is not (in the second and third rows of column 6 in Figure 6). The responses of global oil production
Brazil’s and Russia’s real M2 is negative at first and statistically significant for three months. The
effect of real M2 on global oil production is different between shocks to liquidity arising in China
and India compared to Brazil and Russia.

China and India drive the results for the effect of BRIC countries real M2 on real oil price
and global oil production. China and India and Brazil and Russia reinforce one another on the effect

of BRIC countries liquidity on global real aggregate demand. The responses of global oil production,

'8 The order of the M2 variables in the VAR is determined by size, with the larger aggregates being placed earlier.
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global real aggregate demand and real oil prices to an unanticipated shock to G3 real M2 are not as
large and are not statistically significant (in the first three rows of column 4 in Figure 6).

A notable difference in results arises between the effects of global real aggregate demand and
real oil price on CIM2, and BRM?2, due to the difference between the two groups of emerging
countries in terms of their differences as commodity importers/exporters. The real M2 of Brazil and
Russia increases significantly with a rise in real oil price and increases (but not significantly) with a
rise global real aggregate demand. In contrast, the real M2 of China and India decreases significantly

with a rise in real oil price and with a rise global real aggregate demand.*®

6. Robustness analysis
6.1. Alternative variables, lag length, variable ordering

Several checks confirmed the robustness of both model 1 (equation 1 to 4) and model 2
(equations 1, 5, 6 and 7). First of all, we substitute the variable global industrial production (as
measure of real aggregate demand) , by global demand for real aggregate demand, based on Kilian’s
(2009) global index of dry cargo single voyage freight rates. This index represents the global demand
for commodities. Kilian’s (2009) indicator of global activity an index already constructed to be
stationary. (It is a business cycle index). This alternative specification does not change our general
results about the dominant effect on oil prices of BRIC countries’ liquidity, particularly the liquidity
of China and India, compared to the liquidity of the G3 countries.

A lag length sensitivity of our SVEC models is test by using the Akaike Information
Criterion (AIC) rather than the SBC. The AIC selected three lags rather than the two selected by the
SBC. This exercise suggests that our SVEC models provided similar results using either two or three

lags.

9 These findings of monetary contraction in China and India are consistent with those found for the U.S. by Kilian and
Lewis (2011) that in response to positive innovations in aggregate demand shock and oil market-specific demand there
are significant and sustained increase in the federal funds rate. Fan et al. (2011) observe that the central bank of China
maintains that the money supply is the main monetary tool in China, a view confirmed by the analysis in their paper.
Sanchez-Fung (2012) finds that monetary aggregates better represent monetary policy than interest rates in China.
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The order of the first two variables in either equation 4 or equation 7 is clearly established by
international studies such as Kilian (2009) and Kilian and Lewis (2011). However, whether the real
oil Alog(RP,) or the M2 variables Alog(G3M2,) and Alog(BRIC;) in model 1 and the real oil
Alog(RP,) or the M2 variables Alog(G3M?2,), Alog(CIM2,) Alog(BRM2,) in model 2 is less clear.
Consequently, we re-estimate the models by switching the order of the Alog(RP,) and the M2
variables to find that general results remain unchanged using either order.

6.2. Autocorrelation, heteroskedasticity and stability condition

To test for autocorrelation and heteroskedasticity, the residual serial correlation LM test and
the VAR residual heteroskedasticity test are carried out in both models. The null hypothesis of both,
no serial correlation and no heteroskedasticity of the joint combinations of all error term products
cannot be rejected at the 5% level (respectively).Consequently, the present of either autocorrelation
and/or heteroskedasticity are discarded. The stability condition®® for the VEC model, with r co-
integrating equation and k endogenous variables, requires that at most k-r roots should be equal to
unity, while the other roots must lie inside the unit root circle. Consequently, the inverse roots of the
characteristic AR polynomial test are performed. This test finds that this condition is satisfied for

both model 1 and model 2.

6. Conclusion

The BRIC countries have provided dramatic increases in liquidity in recent years.
Unanticipated increases in the BRIC countries’ real M2 lead to significant and persistent increases in
global oil production, global real aggregate demand and real oil prices. Increases the G3 countries’
real M2 also lead to increases in these variables, but the effects are not statistically significant. After
the shock to BRIC real M2, the increase in global oil production builds up and is statistically

significant after the fifth month and remains so for fifteen months. The rise in global real aggregate

% For more detail see Enders, Applied Econometric, p. 266.
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demand is statistically significant over all horizons. The increase in real oil prices is statistically
significant for sixteen months. The relative contribution to real oil price of liquidity in BRIC
countries to liquidity in developed countries is much greater since 2005 than before 2005. The
rebound in oil price during 2009 is mostly due to strong effects of shocks to liquidity in the BRIC
countries.

China and India drive the results for the effect of BRIC countries’ liquidity on real oil price
and global oil production. China and India and Brazil and Russia reinforce one another on the effect
of BRIC countries’ liquidity on global real aggregate demand. Due to the difference between
countries as commodity importers/exporters, the liquidity of Brazil and Russia increases significantly
with a rise in real oil price whereas that of China and India decreases significantly with a rise in real
oil price.

Results are consistent with the fact that the influence of the BRIC countries on commodity
markets has become much more important in recent years. The analysis helps understand the causes
of movement in oil prices over the last twenty years and assists in assessing the importance of the

BRIC economies in the upsurge of the real price of crude oil.
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Table 1: Test for unit roots 1997:1-2011:12;

Variables ADF DF-GLS PP KPSS
log(GO,) 1.104 0.620 -1.104 1,637+
log(ADy) -2.056 -0.363 -2.062 1,157
log(RP;) 1.516 -0.794 -1.119 1.516%*
log(G3M?2,) -0.263 1.035 0.138 1.675%
log(BRICM?2,) 3.365 3.226 3.680 1.725%=
Alog(GO,) -11.550%* -3.90 1%+ -13.81 5% 0.034
Alog(ADy) -4, 7425 -3. 737 -7.447 % 0.091
Alog(RP;) -10.620%* -3.610%** -10.618*** 0.059
Alog(G3M2,) -10.768** -2.64 3w+ -10.567** 0.125
Alog(BRICM?2,) -12.225% -0.536 -12.339xx= 0.560~

The null hypothesis for the ADF, DF-GLS and PP is the variable has a unit root and the null hypothesis for the KPSS is

the variable is stationary.

The first difference of the series is indicated by A.The lag selection criteria for the ADF, DF-GLS and PP tests is based
on Schwarz information Criteria (SIC) and for the KPSS is the Newey-West Bandwidth with constant and linear trend.
*, ** ***indicates rejection of the null hypothesis at 1%, 5% and 10%, levels of significance.

Table 2: VAR Johansen cointegration test summary:

Cholesky lower triangle matrix order;
log(GO,),log(AD,),log(RP;),log(G3M2,),log(BRICM2,)

Data Trend: None None Linear
Test Type No Intercept Intercept Intercept
No Trend No Trend No Trend
Trace 1 1 1
Max-Eig 1 1 1

*Critical values based on MacKinnon-Haug-Michelis (1999)
**Selected (0.05 level*) Number of Cointegrating Relations by Model
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Table 3: VEC model parameters estimated:

Alog(GO,) Alog(AD;) Alog(RP,) Alog(G3M2,) Alog(BRICM2,)

AD -0.07 - -
(0.050)
RP 0.822 -2.53% - - -
(0.745) (1.111)
G3M2 -0.061 -2.532 0.013 - -
(0.140) (1.112) (0.014)
BRICM2 0.249+  -0.020 -0.019+ -0.001
(0.087) (0.131) (0.008) (0.046)
Alog(GO,_;) -0.170~ -0.063 -0.940 -0.421 % 0.098
(0.079) (0.053) (0.797) (0.148) (0.094)
Alog(GO,_,) -0.171 -0.063 -0.940 20,420 0.098
(0.07) (0.050) (0.797) (0.148) (0.094)
Alog(AD,_;) 0.112 0.290~  1.992+ 0.396+ -0.126
(0.110) (0.074) (1.110) (0.206) (0.131)
Alog(AD,_,) 0.101 0.301~  0.929 -0.362+ -0.101
(0.105) (0.070) (1.054) (0.196) (0.125)
Alog(RP,_;) -0.004 0.015~  0.107 -0.022 0.008
(0.007) (0.005) (0.079) (0.014) (0.009)
Alog(RP,_,) 0.002 0.003 0.041 0.0136 0.007
(0.008) (0.005) (0.081) (0.015) (0.009)
Alog(G3M2,_,)  0.000 -0.032 0.003 0.264~ 0.181 %
(0.040) (0.027) (0.404) (0.075) (0.048)
Alog(G3M2,_,)  -0.013 -0.021 0.164 -0.008 -0.018
(0.040) (0.026) (0.401) (0.074) (0.047)
Alog(BRICM2,_,)  0.087 0.071~ 1.313~ -0.158 0.078
(0.067) (0.045) (0.677) (0.126) (0.080)
Alog(BRICM2,_,)  0.061 0.123~  1.164~ -0.107 0.165+
(0.066) (0.044) (0.665) (0.123) (0.079)
C -0.001 -0.002~  -0.031~ 0.006~ 0.010x
(0.001) (0.001) (0.014) (0.002) (0.002)
ECT,_, -0.114~+  0.004 0.570+ 0.000 0.068+
(0.036) (0.024) (0.369) (0.068) (0.043)
R2 0.145 0.482 0.153 0.189 0.140
Adj. R2 0.088 0.447 0.097 0.135 0.083
F-statistic 2.546 13.96 2.729 3.514 2.449

=+ xx * + indicates coefficients are statistically significant at 1%, 5%, 10% and 15% respectively. Lag order was
selected by Schwarz Bayesian Criterion (SBC). Standard errors are given in parenthesis.
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Figure 1a: BRIC countries Nominal M2 in Billions of U.S. dollars: 1997:01-2011:12.
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Figure 1b: G3 countries Nominal M2 in Billions of U.S. dollars: 1997:01-2011:12.
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Figure 1c: BRIC and G3 M2 in U.S. dollars as percentage of Global liquidity: 1997:01-2011:12.
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Figure 1d: BRIC and G3 M2-Nominal GDP in U.S. dollars ratio: 1997-2011.
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Figure le: Real oil prices and China and India real M2: 1997:01-2011:12.
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Notes: The BRIC countries are Brazil, Russian federation, India and China, and the G3 countries are the U.S., Eurozone
and Japan. Data are monthly over 1997:01-2011:12, nominal variables are in U.S. dollars, and real variables are nominal
values divided by U.S. CPI.
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Figure 2: The impulse response effects of the structural shocks: 1997:01-2011:12
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Notes: GO is global oil production, AD is global aggregate demand shock, RP is real oil price, G3M2 is M2 of G3
countries (U.S., Eurozone and Japan),and BRICM2 is the M2 of the BRIC countries (Brazil, Russia, India and China).
The M2 variables and oil prices are deflated by U.S. CPI.
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Figure 3: Cumulative effect of structural shocks on real price of oil (annual average)
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Notes: GO is global oil production, AD is global aggregate demand shock, RP is real oil price, G3M2 is M2 of G3
countries (U.S., Eurozone and Japan), and BRICM2 is the M2 of the BRIC countries (Brazil, Russia, India and China).
The M2 variables and oil prices are deflated by U.S. CPI.
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Figure 4: Difference in cumulative effect on real oil price of structural shocks to BRICM2 and G3M2
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Notes: A positive (negative) value for difference in cumulative effect of structural shocks to BRICM2 and G3M2 on real
oil price indicates larger (smaller) effect of G3M2 on real oil price than that of BRICM2. G3M2 is M2 of G3 countries
(U.S., Eurozone and Japan), and BRICM?2 is the M2 of the BRIC countries (Brazil, Russia, India and China). The M2
variables and oil prices are deflated by U.S. CPI.

Figure 5: Cumulative contribution to global oil production of BRICM2 and G3M2 structural shocks
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Notes: Cumulative effect on global oil production of structural shocks of BRICM2 and G3M2. G3M2 is M2 of G3
countries (U.S., Eurozone and Japan), and BRICM2 is the M2 of the BRIC countries (Brazil, Russia, India and China).
The M2 variables are deflated by U.S. CPI.
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Figure 6. The impulse response effects of the structural shocks for China and India, and for Brazil
and Russia
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Notes: GO is global oil production, AD is global aggregate demand shock, RP is real oil price, G3M2 is M2 of G3
countries (U.S., Eurozone and Japan), CIM2 is the M2 of China and India, and BRM2 is the M2 of Brazil and Russia.
The M2 variables and oil prices are deflated by U.S. CPI.
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