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This paper empirically investigates how climate change mitigation affects crude oil prices while using carbon intensity as the
indicator for climate change mitigation. The relationship between crude oil prices and carbon intensity is estimated using an
Arellano and Bond GMM dynamic panel model. This study undertakes a regional-level analysis because of the geographical
similarities among the countries in a region. Regions considered for the study are Africa, Asia and Oceania, Central and South
America, the EU, the Middle East, and North America. Results show that there is a positive relationship between crude oil prices
and carbon intensity, and a 1% change in carbon intensity is expected to cause about 1.6% change in crude oil prices in the short
run and 8.4% change in crude oil prices in the long run while the speed of adjustment is 19%.

1. Introduction

Many factors influence the prices of crude oil globally and
paramount among these factors are supply and demand activ-
ities [1–3], market speculations [4, 5], taxes [6], war, and poli-
tical instability [7]. These factors have been documented
empirically to have significant effects on crude oil prices
[8, 9]. The Organisation of Petroleum Exporting Countries
(OPEC) as themajor global crude oil producers and suppliers
have been concerned about these factors especially the ones
which from their point of view have adverse effects on the
prices of crude oil [10].

Recently, the focus of the global energy industry has
shifted to the carbon contents of fossil based energy sources
especially with the global spotlight on carbon emissions
reduction [11].This paradigm shift and the extension of Kyoto
Protocol’s commitment period to 2020 (i.e., the second com-
mitment period 2013–2020) have thrown up a major eco-
nomic challenge for countries that are dependent on crude
oil export revenues especially OPEC [10]. One of the issues
related to this new economic threat perceived by OPEC is
the pricing of crude oil under the new climate regime(s). To
shedmore light on this issue, this paper attempts to determine

the relationship between crude oil prices and climate change
mitigation activity.

To carry out the required investigation in this paper,
climate change mitigation activity is represented by a proxy
indicator. This study opts for a proxy indicator in order to
capture the climate change mitigation activities that have the
tendency to impact on crude oil consumption and/or produc-
tion. The proxy indicator for climate change mitigation cho-
sen for this study is carbon intensity which shows the level of
carbon utilisation in the economy [12–14]. Carbon intensity
is preferred as a proxy indicator because it is derived from
all sectors of the economy and captures all carbon-related
climate mitigation effects whether in the short term or long
term and there are data on carbon intensity levels that cover
the period under consideration [15–17]. The carbon intensity
data are derived at consumption level instead of production
level because of the different regions considered by themodel.
The measurement of carbon intensity at production levels
may lead to double counting as some intermediate products
exported to other countries will be taken into account in the
exporting and importing countries. However, the measure-
ment of carbon intensity at consumption level allows the
transfer of emission from country or region of production
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to the country or region of consumption where intercountry
or interregional trades exist. Other indicators considered
initially are greenhouse gases emissions and per capita emis-
sions [18] but carbon intensity is more compatible to the
model used for this study. While greenhouse gases emissions
consider all the gases emitted, carbon intensity considers only
CO
2
related emissions. On the other hand, per capita emis-

sions indicator considers total emissions per person while
carbon intensity considers total emissions per economic
output. The a priori and theoretical assumption is that crude
oil consumption is affected when carbon reduction strategies
(such as carbon taxes) are introduced to reduce carbon
dioxide (CO

2
) emissions [19, 20].This paper’smodel also esti-

mates how fast crude oil prices change when carbon intensity
changes.

To estimate the relationship between crude oil prices and
carbon intensity including short run effects, long run effects,
and the speed of adjustment, this paper explores theArellano-
Bond (AB) dynamic panel model [21]. The results of this
study indicate that there is a positive relationship between
crude oil prices and carbon intensity suggesting that there is
a relationship between crude oil prices and climate change
mitigation activity in the regions under consideration in the
short run and long run, respectively.

This paper is presented in five sections. The following
section looks at the structure of the crude oil market, related
studies in the literature, and the sources and nature of the data
used for the study. Section 3 explores the methodology of the
study and Section 4 addresses the presentation and discus-
sion of the results while Section 5 covers the conclusion.

2. Literature Review and
Background to the Study

2.1. The Structure of the Crude Oil Market. The global crude
oil market has been described theoretically as an oligopolistic
market [22]. It is said that the long term marginal cost
of oil is a small fraction of oil price [23]; therefore, the
prices are driven by the restriction of excess supply by the
market supply leader. Such scenario describes the OPEC
monopolistic theory, where higher cost producers sell all they
can produce and the low cost producers satisfy the market
supply shortage or excess demand at current prices and
could as well restrict production [22]. There is econometric
evidence that confirms this position about Saudi Arabia,
which plays the role of a “swing” producer [22]. Other studies
also support the oligopolistic nature of the oil market and the
market dominance by Saudi Arabia and OPEC [24–26].

On the other hand, the demand for crude oil is driven
by the choices of individual households/firms as well as
other private interest groups such as refineries because of
the economic and national security importance of oil [22].
The dependence of the economy and national security on oil
makes it inevitable for oil importing countries to influence
oil demand (just like oil exporting countries influence the
supply). Therefore, the oil market is also influenced by the oil
importing countries. These influences could be in the form
of investing public funds in the development of alternative
energy sources (in order to create substitutes), explorations

based on advanced technology, fiscal instruments, environ-
mental regulations, political interventions, strategic oil reser-
ves, and so forth [22, 27, 28].

However, it has been established in the literature that
the crude oil market is also competitive especially on deter-
mination of prices, where the forces of supply and demand
determine the spot market prices [22, 29, 30]. According
to Hamilton [30] there are three separate conditions that
hold in equilibrium in the dynamic crude oil market and
these conditions are storage/inventory, futures markets, and
scarcity rent factors.

In the competitive oil market, spot prices are the mar-
ket prices against the official prices (OPEC or major oil
companies determined) that were more influential in the
1970s and early 1980s because the petroleum industry has
become increasingly dependent on the spot prices which also
determine the term and futures prices [27].

Themajor factors that affect crude oil demand and supply
are therefore expected to affect crude oil prices as well.
Inasmuch as the global oilmarket is seen as competitive, there
are situations where market failure occurs which may lead
to imperfect competition. When a market failure occurs, the
price of crude oil would be affected.

This study assumes that while themarket is competitive it
is dynamic and not fully transparent which brings aboutmar-
ket failure. Theoretically, the introductions of climate change
mitigation policies are expected to have major impacts on
the oil market. Energy efficiency methods and subsidy on
renewable energy sources are market driven climate change
mitigation policies while carbon taxes are public/government
driven policies that also distort themarket.When energy effi-
ciency policies are introduced, the demand falls over time and
such demand shocks are eventually transmitted to themarket.
When renewable energy sources are subsidised, the substitu-
tion effect comes into play and demand for oil also falls over
time. However, when carbon taxes are introduced, it disrupts
the competitive markets situation or equilibrium by driving
up crude oil prices which enhances the economic activi-
ties to discover adequate noncarbon/less-carbon substitutes
for oil over time. Therefore, it is assumed that even when oil
demand tends to be price inelastic or have low price elasticity
[30], the combination of the energy efficiency driven demand
shocks, renewable energy subsidy driven substitution effects,
and carbon tax drivenmarket distortionmay affect oil prices,
if not in the short term then in the long term.

2.2. Related Studies in the Literature. Climate change mit-
igation activity entails any activity or policy related to the
reduction of greenhouse gases emissions [19]. Among the
greenhouse gases, CO

2
accounts for over fifty percent (50%)

of the sources of global warming [31]. It is also established
by the UNFCCC [31] that fossil fuels (coal, oil, and gas) are
the major sources of CO

2
emissions and are responsible for

about fifty-six percent (56%) of the total global CO
2
emission.

So, it is assumed that major activities that will reduce CO
2

emissions would take fossil fuel consumption into conside-
ration.

The level of carbon intensity is defined as the standard
or basis for measuring the utilisation of carbon emitting
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Figure 1: Annual carbon intensity levels.

resources in the economy [32]. In this paper, it is assumed
in line with EIA [32] that carbon intensity accounts for the
economy wide carbon utilisation level which can also show
the carbon reduction level.

Carbon intensity levels are not as flexible as crude oil
prices. The volatility of carbon intensity levels is shown in
Figure 1. Figures 1 and 2 show the annual levels of carbon
intensity and crude oil prices for a period of thirty-two (32)
years (1980–2011). The carbon intensity levels follow a trend
while crude oil prices are more volatile over the same period.

Carbon intensity is also described as the carbon dioxide
emissions per unit of total primary energy supply in the
economy [12, 19, 32] or according to the EIA [32] carbon
intensity level is an energy consumption weighted average of
its emissions coefficients (emissions coefficient is a unique
value for scaling emissions to activity data in terms of a stand-
ard rate of emissions per unit of activity (e.g., weight of carbon
emitted per Btu of fossil fuel consumed)).

Kaya [12] identifies carbon intensity, energy intensity,
gross domestic product per capita, and population as indi-
cators for the level of energy related carbon emissions.
Energy Modelling Forum [33] indicates that climate change
mitigation activity or policy such as carbon tax would likely
reduce (affect) carbon intensity of an economy’s total energy
consumption. OECD [34] also states that “ongoing efficiency
gains” (mitigation activity) are expected to contribute to the
decline in carbon intensity levels. This position is supported
by the IPCC [19] which further states that the change in
carbon intensity as a result of CO

2
reduction may affect oil

prices and oil exporters’ economy. According to IPCC [19]
and several studies in the literature, the mitigation of green-
house gases emissions is expected to affect oil price. Among
these studies are Ghanem et al. [35]; Pershing, [36]; Barnett
et al. [20]; and Awerbuch and Sauter [37].

Barnett et al. [20] discuss the different global energy econ-
omymodels which suggest that climate policies andmeasures
supported by theKyoto Protocol and subsequent negotiations
would see a reduction in the consumption of crude oil prod-
ucts in developed countries thereby leading to a decline in
global oil demand. According to Henman [38], these energy
economy models have been influential in the political econ-
omy of climate change. In the short run, when climate change
mitigation activity is introduced in developed countries or
Annex 1 countries under the Kyoto Protocol, which account
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Figure 2: Annual crude oil prices.

for 60% of world oil consumption [20], oil prices would rise,
thereby leading to a fall in oil demand. As a result of this
reduction in oil demand, prices may decline in the long run.
The effects of Annex 1 countries climate mitigation policies
andmeasures on oil prices might occur through carbon taxes
applied according to the carbon content of oil [20, 39].

In the different models used to estimate the impact of cli-
mate mitigation activity on oil exporting countries, G-cubed
model, McKibbin and Wilcoxen [40], OPEC World Energy
model (OWEM), Ghanem et al. [35], MS-MRTmodel, Bern-
stein et al. [41], CLIMOX model, Bartsch and Muller [42],
GREEN model, Pershing [36], and GTEM model, Polidano
et al. [43], it was found that climate change mitigation affects
energy prices (including crude oil prices). Awerbuch and
Sauter [37] in theirmodel found that a 10% increase in renew-
able energy sources especially in the electricity sector would
reduce CO

2
by 3% and global oil price reduction would be in

the range of 3%–10%.However, this study is different from the
above models as it is based on a dynamic panel model which
shows the short and long terms impacts and focuses on cli-
mate change mitigation activities in six regions, Africa, Asia
andOceania, Central and South America, the EU, theMiddle
East, and North America. This study undertakes a regional-
level analysis because of the geographical similarities among
the countries in a region.

Based on the existing studies, this paper assumes that
causality runs from carbon intensity to crude oil prices.
Although sudden changes in crude oil prices may affect some
climate changemitigation policies andmeasures such as tech-
nological innovation in the long run, this study assumes that
this effect may not be significant because of the growing con-
sensus on the impacts of climate change and there are other
factors that drive technological innovations other than crude
oil prices [44, 45]. However, in this study, there is a provision
to take care of endogeneity by using the AB dynamic panel
model, which uses lagged explanatory variables as instru-
ments.

Apart from carbon intensity, other climate change miti-
gation related factors and other factors affect crude oil prices
and they are covered by the stochastic term in themodel.This
study also makes provision for controls and some other defi-
ciencies in the data by introducing some categorical variables
to account for the outliers observed as possible structural
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breaks in the crude oil prices’ data. Some other factors are
not included because of lack of or insufficient data.

2.3. Data. The data used for the study covers the period from
1980 to 2011.The carbon intensity data are from theUSEnergy
Information Administration (EIA) online database. The car-
bon intensity data for all the regions are derived usingmarket
exchange rates (metric tons of carbon dioxide per thousand
year 2005 US Dollars). This feature makes carbon inten-
sity a good indicator because crude oil is priced in USDollars
as well. For the different regions, certain countries are con-
sidered due to the availability of data on carbon intensity for
the period under consideration.The study focuses on regions
because the country level data for some countries of inter-
est are so small that they may lead to poor statistical results.
The crude oil price data are collated from the International
Energy Agency (IEA) database and OPEC Annual Statistical
Bulletin (OPEC Statistical Bulletins (1980–2011)). The OPEC
prices are based on a weighted average index of currency
exchange rates in the modified Geneva I Agreement. The
crude oil prices data are diversified as follows; the prices from
1980 to 1981 are based on the posted prices of the Arab Light.
The prices from 1982 to 2005 are based on the OPEC Refer-
ence Basket and from 2005 to 2009 the prices are based
on OPEC’s new Basket methodology. The US WTI prices
are used for the North America region, UK Brent prices for
the EU, Nigerian Light crude prices for Africa region, Saudi
Arabian Light crude prices for Middle East region, Indonesia
Minas crude prices for Asia/Oceania region, and Venezuela
Light crude prices for South/Central America region. These
prices are reported in US Dollars and are adjusted for infla-
tion to 2011 Consumer Price Index (CPI). The data are
estimated in log forms.

3. Methodology and Modelling Framework

This study utilizes the AB dynamic panel model because the
regressor(s) may be correlated with the error term 𝐸

𝑖𝑡
. The

AB dynamic panel model is also considered because of the
time-invariant regional characteristics (fixed effects) such as
geographical and demographic factors which may be corre-
lated with the explanatory variables. The AB dynamic panel
model also takes care of the problems related to the presence
of the lagged dependent variable 𝑃

𝑖𝑡−1
as a regressor.

The standard model for this dynamic panel study is spe-
cified below using the Arellano-Bond GMM approach (Arel-
lano and Bond, op. cit):

𝑃
𝑖𝑡
= 𝛾𝑃
𝑖𝑡−1

+ 𝛽𝐶
𝑖𝑡
+ 𝜌𝑍
𝑖
+ 𝛼
𝑖
+ 𝜀
𝑖𝑡
, (1)

where 𝑃
𝑖𝑡
and 𝐶

𝑖𝑡
are the crude oil price in regions 𝑖 and

periods 𝑡 and carbon intensity level in regions 𝑖 and periods 𝑡
and where 𝛼

𝑖
are the (unobserved) individual region effects,

𝜌𝑍
𝑖
are time-invariant explanatory variables, and 𝜀

𝑖𝑡
is the

error term with

𝐸 (𝜀
𝑖𝑡
) = 0. (2)

It is assumed that

𝐸 (𝛼
𝑖
) = 0,

𝐸 (𝛼
𝑖
𝐶
𝑖𝑡
) = 0.

(3)

Introducing the GMM’s first difference approach, the model
takes care of the individual effects 𝛼

𝑖
and time-invariant

explanatory variables 𝑍
𝑖

(𝑃
𝑡
− 𝑃
𝑡−1

) = 𝛾 (𝑃
𝑡−1

− 𝑃
𝑡−2

) + 𝛽 (𝐶
𝑖𝑡
− 𝐶
𝑖,𝑡−1

)

+ 𝜀
𝑖𝑡
− 𝜀
𝑖𝑡−1

(4)

for 𝑡 = −2, . . . , 𝑇.
To overcome the problems of endogeneity in the model,

Arellano and Bond [21] recommend using instrumental
variables. More specifically, they propose using lagged values
of the explanatory variables as instruments (ibid). It is also
assumed that all time varying explanatory variables, in this
case, carbon intensity levels, are strictly exogenous; that is,

𝐸 (𝐶


𝑖𝑡
𝜀
𝑖𝑡
) = 0. (5)

Let Δ = (1 − 𝐿), where 𝐿 denotes the lag operator and

𝑌
𝑖𝑡
= (𝑝
𝑖𝑡0
, 𝑝
𝑖𝑡1
, . . . , 𝑦

𝑖,𝑡−2
, 𝑐


𝑖
)


(𝑡 − 1 + 𝑇𝐾
1
, 1) , (6)

where 𝑐
𝑖
= (𝑐


𝑖1
, . . . , 𝑐

𝑖𝑇
)
.

And for each period, there is the existence of the following
orthogonal conditions:

𝐸 (𝑝
𝑖𝑡
Δ𝜀
𝑖𝑡
) = 0, (7)

where 𝑡 = −2, . . . , 𝑇.
Introducing the stacked (𝑇 − 1) first difference equations

in matrix form gives the following:

Δ𝑃
𝑖𝑡
= Δ𝑃
𝑖𝑡−1

𝛾 + Δ𝐶
𝑖𝑡
𝛽 + Δ𝜀

𝑖𝑡
, (8)

where 𝑖 = 1, . . . , 𝑁.
This study estimates the 𝐾

𝑖
+ 1 parameters of the 𝜃 =

(𝛾, 𝛽

)
 vector, where there are 𝑇(𝑇 − 10)(𝐾

1
+ 1/2)moment

conditions (if 𝐶
𝑖𝑡
are strictly exogenous) that can be pre-

sented as

𝐸 (𝑊
𝑖
, Δ𝜀
𝑖𝑡
) = 𝐸 [𝑊

𝑖
(Δ𝑃
𝑖𝑡
− Δ𝑃
𝑖𝑡−1

𝛾 − Δ𝐶
𝑖𝑡
𝛽)] = 0. (9)

However, the above model specifications can also be adjusted
further, with reference to the available data in some regions.
This study estimates the relationship between crude oil prices
and carbon intensity using the dynamic panel model in (8)
above.

3.1. Diagnostic Tests. Thevalidity of the instruments specified
in the estimation process using the AB GMM approach is
tested using the Sargan test of overidentifying restrictions.
The Sargan test is used to check whether the instruments are
truly exogenous which is based on the assumption that the
residuals are uncorrelatedwith the set of exogenous variables.
It is asymptotically distributed as chi-square (𝜒

2
) and tests
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Table 1: Model estimates.

Panel 1: baseline Panel 2: structural
breaks control

Oil price (lag)
Estimate 0.85 0.81
Standard error (0.079) (0.0430)
𝑃 value 0.000 0.000

Carbon intensity
Short run 2.1 1.6
Standard error (0.8772) (0.7436)
𝑃 value 0.015 0.024

Long run 14 8.4

the null hypothesis that the instruments are valid. The null
hypothesis can only be rejected if the 𝑃 value of the chi-
square is less than 0.1 or 0.05. Therefore, a model with valid
or exogenous instruments would have a higher 𝑃 value of
the Sargan statistic. Sargan test is preferred to other weak
instruments tests such as Hansen test and 𝐹-test because it is
the standard test for weak instruments under theAB dynamic
panel model, less vulnerable to instrument proliferation and
based on the optimal weighting matrix [46]. It is pertinent
to use Sargan test to confirm the validity of the instruments
and indicate that the error term is uncorrelated with the
instruments when the dynamic panel model is used [47].

Similarly, it is also vital to check for the nonexistence
of serial correlation in the error term, as consistency of
the estimates depends on it. This study carries out the first
order (AR1) and second order (AR2) serial correlation tests
to determine whether serial correlation exists or not. Based
on a priori theoretical assumptions, the rejection of the null
hypothesis for first order serial correlation (AR1) is expected
by design or default but failure to reject the null hypothesis
of the absence of second order serial correlation (AR2) leads
to the conclusion that the original error terms are serially
uncorrelated, while the test statistics are asymptotically dis-
tributed as standard normal variables. The dynamic panel
model is correctly specified if the researcher fails to reject the
null hypothesis based on the outcome of the second order
(AR2) serial correlation test. This means that the estimated
coefficients in the model are consistent and reliable.

The study also identified some outliers in the oil prices
data which are tested for structural breaks. The structural
breaks are controlled, by introducing dummy variables
accordingly. The dummy variables are Y1986, Y1990, Y1998,
Y2000, and Y2008.

4. Empirical Results

The AB dynamic panel model results as shown in Table 1
contain the estimates of the coefficients of the effects of car-
bon intensity on crude oil prices for the baseline or reference
case (column 2), where the direct relationship between crude
oil prices and carbon intensity is estimated, and the control(s)
for the outliers/structural breaks identified in the crude oil
price data are reported in column 3. The dummy variables

serve as impulse and control variables to determine the effects
of predetermined shocks as a result of rise and fall in oil
prices. The deterministic variables are used to control for the
outliers observed in the crude oil price data for 1986, 1990,
1998, 2000, and 2008. These variables capture the effects of
identified events related to the oil price data and improve the
robustness of the model.

Some of the outliers could be explained as a result of the
gulf oil crisis in 1990, the newmillennium related price shocks
in 1999, and the price rise in 2008, respectively. The study
focuses on the short run and long run carbon intensity effects
on crude oil prices. The estimated panel results are presented
in Table 1.

Model/panel 1 shows the panel result for the reference
case.The result indicates that a 1% change in carbon intensity
causes about 2.1% change in crude oil prices in the short
run and 14% change in the long run. It shows a positive
relationship between crude oil prices and carbon intensity
and it is statistically significant at all levels. Column 3 shows
the panel results when the control variables for the outliers
are introduced. It indicates a statistically significant, positive
relationship between oil prices and carbon intensity. The
relationship as estimated shows that 1% change in carbon
intensity causes 1.6% change in oil prices in the short run and
about 8.4% in the long run.The speed of adjustment of crude
oil prices to changes in carbon intensity in a period is about
15% in the reference case and 19% in the controlled model
(the computed regional results are not reported here but can
be requested from the author). Although the methodology
of this study is different from the existing studies in the
literature, the estimates are similar. Awerbuch and Sauter [37]
found that the effect of carbon emissions reduction on oil
prices is within the range of 3%–10%, while this study finds
that the effect of carbon intensity on oil price is within the
range of 1.6%–2.1% in the short run and 8.4%–14% in the long
run. This study’s results find a positive relationship between
oil price and carbon intensity, which is also in line withMcK-
ibbin and Wilcoxen [40], Ghanem et al. [35], Bernstein et al.
[41], Bartsch and Muller [42], Pershing [36], and Polidano et
al. [43], all of which found that there is a relationship between
oil prices and greenhouse gases emissions reduction activity.

4.1. Sargan and Serial Correlation Tests. The Sargan and
second order serial correlation (AR2) diagnostic tests shown
in Table 2 indicate that the instruments are valid and there is
no serial correlation.With the outcome of the Sargan test, the
study failed to reject the null hypothesis of the Sargan test that
the instruments are valid. For the serial correlation, the study
also failed to reject the second order serial correlation null
hypothesis that there is no autocorrelation. The outcome of
the diagnostic tests shows that the results are robust, reliable,
efficient, and consistent for the models/panels reported in
Table 1.

5. Conclusion

From the study’s results presented in Table 1, it is safe to state
that carbon intensity affects crude oil prices, especially in the
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Table 2: Diagnostic tests.

Diagnostics tests Panel 1: baseline Panel 2: structural
breaks control

Sargan test:
chi2 (156) 163.28 185.46
Prob > chi2 0.3286 0.335

Serial correlation test:
AR(1): 𝑧 −6.93 −3.02
Pr > 𝑧 (0.000) (0.000)
AR(2): 𝑧 −1.49 −5.08
Pr > 𝑧 (0.137) (0.160)

Table 3: Countries considered in the European region.

1 Austria
2 Belgium
3 Cyprus
4 Denmark
5 Finland
6 France
7 Germany
8 Greece
9 Ireland
10 Italy
11 Luxembourg
12 Malta
13 Netherlands
14 Norway
15 Portugal
16 Romania
17 Spain
18 Sweden
19 Switzerland
20 Turkey
21 United Kingdom

long run.This shows that a unit change in the level of carbon
intensity has a significant effect on oil prices. However, the
rate of effect or impact of this influence from the estimated
“speed of adjustment” is low at 15% and 19%.

With reference to climate changemitigation activity, these
empirical outcomes show that there is a relationship between
crude oil prices and CO

2
emissions reduction.

Although so many factors affect crude oil prices, this
study has shown that there is a statistically significant
relationship between crude oil prices and climate change
mitigation activity using the AB dynamic panel model. Other
factors that affect the prices of crude oil such as production,
supply, demand, and taxes may have more or larger effects
but it is evident in this study that climate change mitigation
activity also affects oil prices.

This study concludes from the empirical outcomes that
significant changes in crude oil prices can be induced by
changes in climate change mitigation activity in a country or

Table 4: Countries considered in the Central and South American
region.

1 Antigua and Barbuda
2 Argentina
3 The Bahamas
4 Barbados
5 Belize
6 Bolivia
7 Brazil
8 Cayman Islands
9 Chile
10 Colombia
11 Costa Rica
12 Cuba
13 Dominica
14 Dominican Republic
15 Ecuador
16 El Salvador
17 French Guiana
18 Grenada
19 Guatemala
20 Guyana
21 Haiti
22 Honduras
23 Jamaica
24 Martinique
25 Netherlands Antilles
26 Nicaragua
27 Panama
28 Peru
29 Puerto Rico
30 Saint Kitts and Nevis
31 Saint Lucia
32 Saint Vincent/Grenadines
33 Trinidad and Tobago
34 Uruguay
35 Venezuela
36 U.S. Virgin Islands

region that is a net importer of crude oil, which are majorly
the industrialised countries and Annex 1 countries under the
Kyoto Protocol. The study outcomes show that it is safe to
state that climate change mitigation activities especially CO

2

reductions using carbon intensity as indicator are expected to
have effects on crude oil prices.

There are also some research implications from this study.
The carbon intensity data used in this study covers the entire
economy but further research can look into estimating a
model of carbon intensity levels in transportation sector only
using the utilisation of renewable energy sources like biofuel
consumption. The reason for such model is to investigate the
difference between carbon intensity levels in the economy as
whole and the carbon intensity levels in the transportation
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Table 5: Countries considered in the Middle East region.

1 Bahrain
2 Iran
3 Iraq
4 Israel
5 Jordan
6 Kuwait
7 Lebanon
8 Oman
9 Qatar
10 Saudi Arabia
11 Syria
12 United Arab Emirates
13 Yemen

sector which accounts for about 80% of crude oil consump-
tions. However, the insufficient data on biofuel consumption
in all the regionsmade the estimation of thismodel difficult at
this stage.Therefore, as data on biofuel consumption in these
regions becomes available in the future, it may be necessary
to also estimate the impacts of biofuel consumption induced
carbon intensity levels or transportation sector based carbon
intensity level (using sectoral trends such as “electric cars”)
on crude oil prices.

It can also be assumed that an increase in crude oil prices
may have a reasonably significant effect on climate change
mitigation policy measures through investments in climate
change mitigation technologies. Investments in the techno-
logy required for climate change mitigation have become a
burden on governments across the world. Private investors
are yet to fully embrace green investments as expected due to
the risk of negative returns on investment. In some countries
or regions where there are growing interests in green invest-
ments, it is because either the government subsidises these
private firms or they are enjoying some levels of tax waivers.
Therefore, there is need for further investigation on the trans-
mission of the impact of crude oil prices on climate change
mitigation investments.

Appendix

Regions

In the North American region, the United States of America
(USA), Canada, Mexico, and Bermuda are the countries
considered (see Tables 3, 4, 5, 6, and 7).
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