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Abstract

This study analyzes the impact of rapid population growth, oil production on CO2 emissions in
Nigeria within the framework of the error correction model, using annual time series data from 1970 -
2010. The study reveals that C02 emission in Nigeria and its hypothesized determinant are generally
(1) series, with two co-integration equations existing among their linear combinations. Our results
show that, the variables in the model, population, oil production and per-capita gross domestic produc
are positively related to increase emissions in the country. Overall the variables account for 64% of the
variation in CQ emission and it is highly significant at 5% as shown by the F-statistic (p < 0.05). The
coefficient of the ECM behaved, having its expected negative sign and is significant at 5%. However,
the speed of adjustment is low. In order to mitigate €fissions, the following recommendations are

made: diversification of energy sources, proper funding of the sector, and adequate maintenance ¢
energy infrastructure among others.
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Introduction

Over the years, there has been rapid world population growth due largely to net increase in
birth rate precipitated by advancement in technology, improved health facilities and better living
standards. Goujon et al (1995) asserts that increasing population has the possibility of exerting
pressure on demand for energy for transport, power, industry, deforestation, that would ultimately lead
to increase in carbon-dioxid€Q,) or greenhouse gases (GHG) emissions. Carbon-dioxide emissions
hold the sun radiation in the atmosphere and regulate the temperature of the earth/globe. Beside
emission ofCO, makes it impossible to achieve sustainable developmasituation where the needs
of the present are met, without compromising the ability of future generation to meet their own needs.
Thus, rapid population growth is likely to put more people at greater risk from climate change.

Global carbon-dioxide emissions due to human activities have grown since the industrial
revolution in the 18 century, and have continued to increase at an excessive level intoSthe 21
century. Precisely, glob&O, emissions increased from 20 to 30 between 1970 and 2009. However,
much of the focus on anthropogenic £émissions has been on the developed world and emerging
economies in Asia. which together account for over 80% of the cumulativer@iSsions and growth
(Raupach et al., 2007). Available data has shown that in Nigesar@issions rose from 5,874
thousand metrics tons in 1970 to 95,756 thousand metric tons in 2008. During the same period, th
population of Nigeria grew at about 2.3 percent, while oil production increased by about 672,565.1
barrels on the average (World Bank 2009). The literature is replete with studies that examine the
impact of climate change on sustainable development in Nigeria. (Omojolaibi, 2011. Oniemola, 2011).
However, very few studies have examined the impact of rapid population growths, oil production on
carbon-dioxide (cg emissions. Thus, this study will contribute and extend the literature in this
respect. Specifically, this study examines whether rapid population growth and oil production have a
long-run impact on CQ emissions in Nigeria. Furthermore, the historical trend of growth in
population, oil production and emission of carbon-dioxide fO® Nigeria are scrutinized in the
study.

The rest of tis paper is structured as follows: section 2 is on review of empirical literature,
while section 3 focuses on some stylized facts on population growth, oil production aechi€§ion.
Conceptual framework and methodology are the focus of the exposition in section 4. Results and
discussion are presented in section 5 while section 6 is on the policy recommendations and conclusior

2. Empirical Literature Review

The relationships between population growth and carbon-dioxide emission have been a subjec
of discussion in the literata. Erlich and Holdren (1971) suggest a suitable framework to analyse the
determinants of environmental impact known as the equation IPAT: I=PAT whezpresents
environmental impactP is the population size, A is the affluence afddenotes the level of
environmentally damaging technology. The impact of human activity in the environment is viewed as
the product of these three factors. Initially, this formulation was purely conceptual and could not be
directly used to test hypotheses on the impact of each one of the factors on emissions mentione
above.

The IPAT model can be expressed as an identity whemld be defined as consumption per
capita andT as pollution per unit of consumption. As stated in MacKellar et al. (1995), the IPAT
identity is a suggestive approach that shows how environmental impact is not only due to a single
factor. However, these authors outline the limitations of testing this identity in relation to the choice of
variables and the interactions between them. They compare households (H) with total population
levels, as the demographic unit used to forecast future worlde@@sions and they show how each
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choice lead to different predictions in all the regions of the world, always being higher the impact on
emissions for the I=HAT model, where households replaces population.

Cole and Neumayer (2004) refer to the utility of the tautological version of the IPAT model for
decomposition purposes but also highlight its limitations to estimate population elasticities. For such
estimation they use the model proposed by Dietz and Rosa (1997). Starting from the idea of Ehrlich
and Holdren (1971), Dietz and Rosa (1997) formulated a stochastic version of the IPAT equation, with
guantitative variables containing population size (P), affluence per capita (A) and the weight of the
industry in economic activity as a proxy for the level of environmentally damaging technology (T).
These authors designate their model using the term STIRPAT (Stochastic Impacts by Regression o
Population, Affluence and Technology). Their results corroborate the Malthusian thesis in the sense
that population growth has a more than proportional impact ined@issions. On the other hand, the
study conducted by Cramer (1998), based on a similar model, shows a contamination-populatior
elasticity less than unity for the five pollutants analysed in several areas of the USA. This digcrepan
could be explained by the exclusion of carbon dioxide from among the pollutants considered by this
author.

Dietz (2003) studied the impact of population on carbon dioxide emissions and energy use
within the framework of the IPAT model. The results from these studies indicate that the elasticity of
CO, emissions and energy use with respect to population are close to unity. The unity assumption fol
the population elasticity was embedded in the original IPAT formulation of Ehrlich and Holdren
(1971) but not in the stochastic version of the IPAT (STIRPAT) formulated by Dietz and Rosa (1997).
Using panel data, Shi (2003) finds a positive relationship between population changes and carbor
dioxide emissions in 93 countries over the period 1975 to 1996. He finds that the impact of population
on emissions varies with the levels of affluence and had been more pronounced in lower-income
countries than in higher-income countries. In the same vein, Cole and Neumayer (2004) considered 8
countries during the period 1975 to 1998 and reveal a positive link betweean@i€sions and a set
of explanatory variables which include population, urbanization rate, energy intensity, and smaller
household sizes. The authors assume that the effect of population and urbanization is equal for al
income levels.

In addition, several studies have discussed and tested the existence of an Environmenta
Kuznets Curve (EKC) where the relationship between pollution and income was considered to have ar
inverted U-shape. These models frequently take emissions per capita for different pollutants as ar
endogenous variable, assuming implicitly that the elasticity, emission population, is unitary. A few of
them considered population density as an additional explanatory variable (see, Cole et al., 1997 an
Panayotou et al., 2000). However, their tests were not based on an underlying theory, and testin
variables individually was subject to the problem of omitted-variables bias. According to Stern,
(1998) and (2004), the results obtained within this framework were far from homogeneous and their
validity had been questioned in the literature. Most of the criticisms are related to the use of non-
appropriate techniques and the presence of omitted-variables biaenfen and Stern (2003) admitt,
when diagnostic statistics and specification tests are taken into account and the proper techniques a
used, the results indicate that the EKC does not exist. Borghesi and Vercelli (2003) consider that the
studies based on local emissions present acceptable results, whereas those concerning glob
emissions do not offer the expected outcomes. Therefore the EKC hypothesis cannot be generall
accepted.

Also decomposition methods have been applied to an increasing number of pollutants in
developed and developing countries (for an extensive discussion on this, see, Hamilton and Turton
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2002; Bruvoll and Medin, 2003; Lise, 2005). Emissions are typically decomposed into scale,
composition, and technique effects. Scale effects are measured with income and population variable:
composition effects refer to changes in the input or output mix, and technique effects are proxied by
energy intensity (the effect of productivity on emissions) and global technical progress. Handlton a
Turton (2002) conclude that income per capita and population growth are the two main factors
increasing carbon emissions in OECD countries, whereas the decrease in energy intensity is the mai
factor reducing them. Bruvoll and Medin (2003) cover 10 pollutants and determine that in all cases,
technique effects were dominant in offsetting the increase in scale. The authors conclude that, wheree
structural change explains the increase in energy intensity during the period from 1913 through 1970
technical change was the main factor reducing energy intensity after 1970. Shifts in the fuel mix are
the main factor explaining carbon emissions per unit of energy used. Stern (2002) use an econometri
model to decompose sulphur emissions in 64 countries during the period 1973 to 1990 and reveals th:
the contribution of input and output effects on changes in global emissions is very modest, whereas
technological change considerably reduced the increase in emissions.

3. Stylised Facts on Population Growth and0, Emission.

It is currently acknowledged that global CO2 emission has continued to increase. The United
Department of Energy’s Carbon Dioxide Information Analysis Centre (2010) notes that global C02
emission rose from 29,888,121 in 2008 to 33,508,901 in 2010. The top 10 countries in the world
emitted 67.07% of the world total global C02. As shown in Table 1 below, as at 2010, China has the
highest CQ emission with a value of 8,240,958 thousand metrics tones, followed by United States
with 5,492,170 and India, Japan and Mexico with 2,069,958, 1688,688 and 1,138,432 thousanc
metrics tones respectively. Although Africa, particularly Nigeria, is not among the top ten countries
emitting C02 in the world, available statistics has shown that C02 emission in Nigeria has continued to
rise (see fig.1 below).

Table: 1 C0, emission and population growth

Country C02 Emissions Population

China 8, 240,958 1,339,724,857
India 2,069,738 1,210,193,427
United states 5,492,17( 312,793,00(
Indonesia 476,557 237,424,363
Brazil 419,537 190,732,694
Russia 1,688,688 142,946,80C
Japan 1,138,432 128,056,02¢€
Mexico 466,131 112,322,757
German 762,543 81,799,60(
Iran 574,667 75,330,00(
France 362,556 65,821,885
United Kindom 493,158 62,262,00(
Italy 407,924 60,681,514
South Africa 451,839 50,586,757
South Korea 563,12€ 48,875,00C
Saudi Arabia 493,726 27,136,977
Nigeria 224,872 158,259,00C

Source: United Department of Energy’s Carbon Dioxide Information Analysis Centre (2010)
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The details of carbon-dioxide emission in Nigeria for the period 1970 to 2010 are shown in
Figure 1 below. C02 in Nigeria ranged from 5,874 thousand metrics tones in 1970 to 21,593 thousanc
metrics tones in 2000 and 224.872 thousand metrics tones in 2010. In the same vein, oil productior
has simultaneously risen. (See Figure 2 below). A major reason for this might not be unconnected witt
the gas flaring in the production of oil. Although the Nigerian government have put up the Gas Master
Plan policy to avoid gas flaring, a large amount of gas is still flared. If this is not controlled, there is
the evidence that G@mission in Nigeria will continue to rise drastically in the years ahead.

Figure: 1 oil production, population growth and CG, emission in Nigeria.
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3. Conceptual Framework and Methodology

We may intuitively state that mankind’s activities and oil production influence the level of €O
emissions in the atmosphere. However, it is more difficult to determine what specific factors represent
mankind’s activities and to what extent each of them contributes to the increase or decreaseGi®,
emissions.

Following the IPAT equation: I= PAT by Erlich and Holdren (1971), and the STIRPATImode
formulated by Dietz and Rosa (1997), we specify a linear version of the STIRPAT modelernoord
test whether the factors considered in the STIRPAT model influence the leve} en@$3ions. Thus
the initial specification is given by the following equation:

Where | = carbon-dioxide emissions, P = population, A = gross domestic product per capital
expressed in 1990 constant price and T = energy production since it required more technology tc
produce energy. a, 0 Y P are parameters to be estimated and e is the random error. We form the
empirical model by taking logarithms of equation 1 Thus:

logl, =a+510gP, + SI0gA + y oGl + & ..oovvveieceeeceeceee (2)

Where P, T, Aremain as defined above. On apriori, we expe@ > 0. Since the model is
specified in natural logarithms, the coefficients of the explanatory variables can directly be interpreted
as elasticities.

Before estimating the models, the dependent variable and independent variables are separatel
subjected to stationarity tests using the unit root test, since the assumptions for the classical regressic
model require that both variables be stationary and that the errors have a zero mean and consta
variance. The unit root test is evaluated using the Augmented Dickey-Fuller test, which can be
determined as:

NgE

AY, =0 +BT+3Y, 4+ DAY € e (3)

~
1l
N

Where o represent the drift, t represent deterministic trend and m is a lag length large enough
to ensure thate is a white noise process.

If the variables are integrated of order one | (1), we test for the possibility of a cotedegra
relationship using the Johansen Co-integration Technique. The study employs the error correctior
model (ECM) because it is an appropriate estimation technique that captures the short run and lon
run effect of the differenced variables. It connects the short run and the long-run behaviour of the
dependent and independent variables. The proposed long-run is in equation 2 above.

If the Y; and X are found to be co-integrated, then there must exist an associated Error
Correction Model (ECM), according to Engel and Granger (1987). The usual ECM may take the
following form:

AY; =0+ BY AX + 8, DAY +VE L+ W) coiiiiiiiiiiceeen, (4
=1 =1
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Where, A denotes first difference operators, ¢, , iS the error correction term, m is the number
of lags necessary to obtain “white noise” and y, is another random disturbance term. If /0/ is

significantly different from zero, then.Yand X will have longer run relationship. The (ECM) error
correction term ¢, ,) depicts the extent of disequilibrium betweeraMd %. the ECM, reveals further

that the change in\hot only depend on lagged changes;ibut also on its own lagged changes. The
estimate of the parameters of the ECM are generally consistent and efficient (Hendry and Richard.
1983). Inference about the long run Granger causality can be drawn from the ECM model. The
presence of co integration will indicate at least, unitieal long run causality from AXy If
statistically significant will indicate a short run causality from AXyj to AYyj . The statistically
significant non-Zero cefficient of AY; will indicate feedbacks to AY from its own lagged values. It

may be noted that even in the absence of co-integration, the error correction model magdtedesti

to detect if there is any short run granger causality.

The study used annual time-series datee data of interest are amount of £€nissions in
tons, population, Gross Domestic Product (GDP) per capita expressed in 1990 constant price and o
production. These data are sourced from the Central Bank of Nigeria (CBN) statistical Bulletjn (2010

5. Results and Discussion

As a preliminary step to analyzing the result, we carried out the unit root test using the
Augmented Dickey Fuller (ADF) test, since research has shown that regression coefficients with non-
stationary variables may lead to spurious and misleading conclusion. The results of the unit root tes
are presented in Table 2 below.

Table 2: Result of ADF unit root test.

UNIT ROOT TEST FOR VARIABLES
Variables ADF 19 5 Order of integration
test stat %
Level - - | 3.5279
2.22784 4.2092
LOGCO, 1(1)
1 diff - - -
4.11647 4.2165 3.5312
level - - -
2.0418 4.2165 3.5312
PG (1)
15 diff - - -
5.5128 42242 3.5348
Level
LOGPGDP 1.7624 4.2165 3.5312 1(1)
15 diff
4.2350 4.2242 3.5348
level - - -
LOGOILP 2.9307 4.2092 3.5279
I(1)
15 diff - - -
5.7855 4.2165 3.5312
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Source: Authors result using E-views 7
The result in Table 2 above indicates that the individual series for the variables are stationary

at first difference i.e. they are integrated of order one, I(1) Thus, we pest®edarrying out the co-
integration test using Johansen Co-Integration test; this is presented in Table 3 below.

Table 3: Result of Co-integration test.
Hypothesize Trace 0.05
No. of CE(s Eigenvalue Statistic Critical Value Prob.**
None * 0.733100 84.36141 47.85613 0.0000
Atmost 1~ 0.515885 34.16786 29.79707 0.0147
At most 2 0.154676 6.601449 15.49471 0.6244
At most 3 0.005671 0.216110 3.841466 0.6420

Source: Authors result using Eviews 7

The co-integration result is presented in Table 3 above. As shown in the table, the null
hypothesis of no co-integration is rejected as the trace test reveals that, two co-integration equatiol
exists among linear combinations of C02 and its hypothesized determinants for test at 5% level of
significance. The implication of the foregoing is that even though C02 emission in Nigeria and its
hypothesised determinants are generally I(1) series, some stable long-run equilibrium relationshig
exists among the series, which could be given some error correction representations (Engle an
Granger, 1987). It also shows that the possibility of the estimated relationship being spurious is ruled
out.

Table 4: Estimated short-run result with AC02 emission as dependent variable
Regresso Co Standar T-stat P- Value
efficient error
C -0.00747f 0.03420¢ -0.21864 0.8282
ALOGPG 0.495414 0.244025 2.03018( 0.0502
DP
ALOGPG 1.01870¢ 0.424438 2.40012¢ 0.0214
ALOGOIL 0.49951¢ 0.23737" 2.10434( 0.0428
P
ECM(-1) -0.24642f 0.11961¢4 -2.06012 0.0471
R-square 0.758770
R-Bar- 0.630754
Squared 3.430990 prob(F-statistic = 0.018477)
F-stat 1.868567
DW-
statistic

Source: Authors result using Eviews 7

49



Scottish Journal of Arts, Social Sciences and Scientific Studies - ISSN 2047-1278
http://scottishjournal.co.uk

The result of the short run determinant of carbon-dioxide emission is presented in Table 4
above. The results indicate that all of the variables included in the model are statistically significant
(although at different level) and conforms to ithexpected signs. With respect to the estimated
elasticities, the population elasticity is slightly higher than one, in line with previous research. The
implication of this is that the reduction of global emissions will become a more challenging task as
most developing countries are experiencing rapid economic growth. Rising per-capita gross domestic
product, as revealed in this study, are associated with upward trend in emissions. From the result oi
production also has a positive effect on CO2 emissions. However, estimated coefficient for oil
production indicates a slight higher effect than per-capita gross domestic product on emdssions.
reason for this might be the high amount of gas flaring during oil production in the previous years.

An examination of the F-statistic and the adjustédsRggest that the variables in the error
correction model significantly explain changes in carbon-dioxide emissions at p < 0.05, accounting for
63% of the short-run variation in the series. The coefficient of the ECM term captures the adjustment
towards the long-run equilibrium. The coefficient of ECM also reveals the proportion of the
disequilibrium in the differenced dependent variable in one period that is corrected subsequently
during the next period. The result indicates that the speed of adjustment is low as only 0.2464(25%) o
the error is corrected.

5. Conclusion and Policy Recommendation

In this study an error correction modelling of the determinants of carbon dioxide emissions in
Nigeria during the period 1970 to 2010 was conducted. Following the STIRPAT model by Dietz and
Rosa (1997), we specify a model which expresses carbon-dioxide emissions as a function of
population (PG), per capita gross domestic product and oil production. The results showed that the
variables in the model significantly affect the dependent variable as showed byahé R-statistic.
The coefficient of the ECM is well behaved and significant; however, the speed of adjustment is low.
On the basis of apriori expectation, the entire variables have their expected signs. On the basis of th
result, the following policy recommendations are made:

v Increase energy efficiency of economic production in the country. As revealed in this
study, oil production significantly contribute to C02 emission, thus, an increase in
energy efficiency will lower the amount of C02 emissions. Alternatively, the use of
clean energy should be encouraged.

v' Proper maintenance of and additional energy infrastruclime involves increment in
energy infrastructure (particularly gas infrastructure). This will help drastically to
reduce emission of G@nd will increase gas production and consumption which will,
all things been equal, lead to economic growth. Also, there is the need to cultivate
maintenance culture to avoid existing energy infrastructure from damaging.

v' Diversification of energy sourcesver the years, fossil fuels have been a major source
in the provision of energy in Nigeria. However, because of the damage it cause policy
makers and analysts everywhere in the world have shifted attention towards clean
energy. It is necessary, therefore, for the Nigerian government to begin to encourage
the use of this non-fossil fuel to drastly reduce C@emission.

v" Proper funding of the sector: The energy sector is capital intensive in nature, as a result,
it requires huge amount of investments. Thus, the public and private sector could form
a partnershigo tackle investment problem. Also, governmeeeds to increase the
budgetary allocation to the sectmarticularly on clean energy infrastructumed make
the release of funds as fast as possible without delays.
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