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Software approach to correlation analysis of natural gas production and
disposal data recorded from oil companies’ operations in Nigeria

G. C. Oguejiofor, ' U. J. F. Ewurum

. Deprmment of Chemwcol Englosering Ml Asliiwe University, Nigeria
Brparuirar of Management, Lndveraity of Migeria Enwgu Campuy, Emuge, Nigeria

Abstract

Within the comiext of operations research, an stiempt simed & evalusting and analyzing, the streagths of sasociations between 1he
cmpirical daia, generated from the operations of ihe Niperisn naboral gas indusiry was undertaken. The dats which spanned frtm
1965 o 200%, were subjecied {0 stmple comelation analysis, which employed 3 computer-driven approsch, for the following
pairings; farcd-gas volume (X.varisble) and ulilized-gas volume (Y-variabic); gas-production volume (X-varible) and -
uiiliestion volume (Y-variable); gas-production wolume (X-vasishle and Mared-gas voluroe, The resulis from the compiter
snalyses containing the evaluaied coefficients of correlation and determinaiion, tes of significance of correlstion coelficiests and

pvalac, were presented 25 owtputs 1, 2 and 3, detailed in this paper would show. Inal of the resulis and interpretaibons reported,
s eaiest-anid-¢ffect relationships could be inferred, These were pointers 1o the limitations of statisthcal comelation analysis.

. Keywords: Operations rescarch: ompirical data; simple-correlation analysis. computer-driven approach; - case-and-effect

rekatinah s

1. Introduction
1.1 Bockground and prablem statement

Nigeria has abundanl proven reserves of natural gas
eslimated to be in the reglon of 150 wrilln cubic feel
(4250 billiom cublc meires), which ai the annual
average production of 21 billion cobic meires will
deplete in 202 years (Erinne, 1999:41]. The proven
reserves are Jocated in onshode and offshore wells n the
Nigrrian petroleum fiekds.

Natwal gas productions record, 1961-2009, (see

Appendix) shows that ofl companies engaged in
petroleum production have been disposing natural gas
production in two ways, nemely gas flaring and gas
slilzation. From the viewpoint of apéralions research
the following pertinent questions are deductible from
the ratural gas production record (see Appendix) and
they are:

* [s there a comelation belween natural gas disposal
by methods of flacing and uiilisation in Nigerin's
petroleum industry?

* s there a relationship between Migeria's natural gas
production and disposal by Aaring approach?

* |s there & relationcship between natural gas
production and disposal by wtilisation approach in
Migeria's petrolecm induosiry?

The answers to these questions will be sought from
correlation analysis. Mason et al [1999:426] defines
correlation enalysis as a group of technigues to measure
the strength of the correlation belween two variables.
The basic idea of correlation analysis is (o report the
strength of association between (wo variables,

In this study therefore, the (ool of simple comelation
snalysis will be emploved to measure precisely the
relations berween (he underlisted variables in the
ralura]l gas production and disposal in Migeria's
petroleum industry.

*  Gas flaring and gas wtilisation
*  (Gas production and gas flaring
=  (Gaz production and pas utilisation

1.2, Metivation for the study

The growing use of computers and the gvailability of
siathstcal softvine systems such a3 MINTTAB, SAS,
CBS. SP55 and Microsoft Eacel have revololionized
operations research. Spuarred by these developments,
this work will employ & software packags slamed
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MegaSiat for Excel a3 siudy ool for analyzing
Migeria's recorded daia for natwal gas production and
disposal.

Migerisn petroleam reserves are located in onshore
and offshore wells. Whether in offshore or onshore
Iocation, natural gas occurs with oil in the peircleum
wells as associsted gas. During production, gas and oil
are extracted from the wells, The mixture is separated
at the surface, and the 0il is stored while the assocised
gas is Mared or wiiised. Despite Nigeria's government
efforis al stopping gas fMaring &s an approach lo gas
disposal, wasteful gas flaring has comtinued in the
Migerian onshore and offshore petroleam Gelds. On the
average, about hatf of Nigeria®s annual gas production
is unfortunately wasted by flaring in the peiroleum
fields, while the rest is ulilised for electricity generation
and other industrial oses.

However, Shell and other upstream oil producing
companies give the following as reasons for gas flaring
in Migeria.

» Migerian petroleum oocurs in remotely located
offshere and onthore fields whese the geography of
the Fekds makes it very difficult for gas gathering
and harnessing.

# There is limiled markel for gas in Migeria and
overseas, because gas s not a popular source of
energy as crude oil.

» as gathering, processing and storage equipment ang
highly capital intensive, resolting In inadequate gas
harnessing and storage facilities in Nigeria.

. In order 1o contribane to the build-up of the
literature that would enhance the management of gas
production and disposal in MNigeria, this study would
undertake & content analysis of the nalural gas
production record, 1961-2809, by employing the tool of
compurer cormelation analysis.

1. Framework review

The cutline for the review of framework are:

Higeria's gas production and disposal lime series
Simple correlation analysis

Test of significance of the correlation coefficient,
Interpreting p-value in hypothesis testing

Sample regression analysis

2 J. Gar production and dispesal rime series

The contents of Appendix is the study :specimen
covering gas production, uiillization and Aaring from
1961 to 2009. A cursory review of the records of gas
production, ulilisation and flaring as depicied in figure
would reveal some general trends. The lime series plot
of the study specimen @5 shown below for gas
production, wilizarion and flering. First, on the average.
there has been an expansion in the volume of gas
produced over 1961-2009 period (Fig.1). This may be
because of growth in petroleumn production activities.
Second, on the overall basis, the record of gas
ulilisation over 1965-1009 period showed a growth
trend [Fig.1). Third, the record of gas Maring over
1955-2000 time frame indicsted on the average a
reduction in the flared gas volume (Fig.1). These may
be explained by the expansion over 1965-2009, in the
pndustrial wsage of hatural gas for eleciric power
penerstion, liquefed natoral ‘pas production.’ cement
manufacture in Obajama plant, Aluminium Smelles

, plamt, and other chemical manufécture,

However, the contents analysis Dlﬁ.ﬂ)ﬂ:ﬂ.‘ll’i'll_h
undertaken by employing the statistical tool of Simple
Regression and Correlation Analyses.

-

———y
P13

- Fig- 1. Ceupla of seenual volusnes of gas produced otiliesd and Mared in Migers
(1961 - 2009)
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2.2 Simple coreelation analysis

To understand the sirength of the association
betwesn the study variables, namely; gas atilisation and
gas faring, pas production and gas Maring; gas
prodiction and gas ulilismtion; a correlation analysis
will be reviewed for comelstion  coelTicien
determination wsing the raw score formula, or the
devistion from the mean formals.  Subsequently, the
coelficient of determination will be reviewed.

The numerical valoe of the coeflicient of
comelation {r) can be determined from the raw scone

approach with the formula below (Mason el al,
19%5:429)

r - -

=1 =1
{ L}

where the symbols are defined in the Molation Section,
Eqn{l) is the Pearson Product Moments Comelation
Cosffickent from raw score approach. Alternatively, the
deviation from mean approach to the Pearson Product
Moment Comelation Coefficient is given by Ojih,
(1996:1300 and Mwabuokei (1986:319) as;

= .

where the symbols are defined in the Notation Section.

The cotffichent of detcrmination accerding to Mason
et al (1999:430) is the proportion of the tolal variation
in the dependent vorigble Y that is explained, or
dccounted for, by the variation in the independent
varisble X. This cosfficiant is computed by squaring
the coefficient of cgrrelation, 1.

2.1, Test of significance of correlation coeffictent, r

Is the correlation in the population from which the
sample was selected rero? Mason et al (1990:500)
slates that the lest statistic for this question is 1, and the
formula to snswer the question is:,

wha=3
1-r¢ (k3]

where the number of degrees of freedom is n= 2.

2.4, Interpreting p-walue in hypothesis fesring

Mason ef ab (1999:316-317) writes that the p-value
gives addifional insight into the strength of the decision
for hiypothesis testing,

Accordingly, if the p-valoe 15 less

(2) 0.0, we have same evidence thal H, is not tree.

(b} (.05, we have strong evidence that H, is not true.

ic) 001, we have very strong cvidence that H, 13 not
frue.

id) 0.001, we have extremely strong evidence thal Hy
is not true. (hMason e al, 19990317,

i =

2.5, Simple regression analysir

The genern) form of the simple regression equation”
is given by Mason et al (1999:437) and: Nwabuokei
[ 1986:293) ax:

- ¥, = a+hX
where b, the slope of the rogression line and 2. the
imercept on the Y-axis are given by Muason ef al
{ 1990:437} and Nwabookei { | 986:296-29T) as:

b = n(} x;ﬂ_[m

nEX) - (EX) )]
and,a = Y -bTX

n n (8)

3. Materials and methods of evaluation

This section will be reporied under the following
highlights.
+  Evaluation of correlalion coefficients, £
- gnmpl.llliun of the coefficients of defermination,

1-text for correlation coeflicients, r
Calelations of the regression coefficiznts

1.1, Eveluarion af correlation coefficients, r

The megaStat for Excel, a compuier softwane
package by J. B. Orris for ephancing .the power of
Microsoft Excel in stafistical analysis ‘was dsed as the

cvaluation ool Using eqn(l), three - sépariie
eorrelation coefficients. r - were compaier cvaluabed
from the natural pas production and disposal daia,
covering 1965-2009, for the underlisted categoriration
of dependent and independent variables.

»  Gas utilisatton data (Y-variable) and gas flaring
data (X-variable) for 1965-2000 period.

« {Gas production data (Y-varisbie) and gas
utilization data (X-variable) for the 1965-2009 lime
frame.

s  (ips producthon data (Y-variable) and pas flaring
data (X-variable) for the 1965-200% period.

1.2. Compuwtation of coefficients of determination, r*

Subsequently, three separate coefficients of
deiermination, ri were compuled for the sbove-listed
three categories of paired observations by employing
the MegaStat sofiware described above.

3.3, r-test for carvelation coefficients, r

The null and alernate hypothepes wene siated a3;
H,: P = @ {(he correlation in the populition i 26m0)
Hg B # O (the correlation” in the population is
unequal (g zero)
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The test was (wo-tailerd, ziven the way H, was staied.

Als, the t-test was driven by the megaSiat software for
Excel which expleited sgn3).

A4, Estimation of the coefficients af regrestion
Given the fact that megaStat is

and (6, the regression
automatically,

inbuilt with Eqz(%)
cocfficients were determined

4. Results and interpretation

The resulls obtuined from  the sofiware-driven
evaluations of the correlation coefficients, r and c: the
test for correlation efficient, 15 and the regression
caefTicients. 4 and b: are the compuer results presented
below ax Outpm |, Cutput 2. and Oupu 3,

EE)

The work s intended 0 estimate the valuss of r,
and t-statistic. But the megaStal sofiware did mone than
that, as the Cutputs show, Interestingly. it evaluaied e
coefficients  of regression, the standard eror of
eslimate, confidence imervals, p-valug {probabili
value} and variance onalysis (ses Oritputs - 1-3),
However, the interpretation amdl disewssion of the
compuier outputs  will focus on the aspects of
carrelation analysis displayed in the computer report
sheeis.

4.1 Correlaiion benveen gas faring {X) and gar
itilizairan (¥)

Quipet |: Compater-repost sheet for Analysis of Gas
Utilizatlon fas Y-variable) and Cios Flaring {as X-
variable)

respectively.
egaStat
Eegression analysls
.206 ry?
0.454 r;
14720.997 std. error of estimate
45 observations
1 predictor variable
Y Jependmt variable
Confidence, interval

emor  L{df=43) pwalue 95% lower _93% upper
a = -6,163.8106
1 b= 0.9573 02866 _ 3.34 0017 03792 1.5350
So 55 df M5 F p-value
ression  2,417,266,384.4351 1 2,417,266,384.4351 1115 0017
Residual

9,318,433,786.7643 43
Total 11,735700,171.2000 44

216,707,762,4829

The Peason  preduct-moment correlation
coelficient, ry is (0.454 {see Ouipst 1), Fiesi, it is
. Posilive. which is a sign that there i a diect

relationship between the volumes of naturg] gas Nered
and the volumes of natural gas utilized in the Migerian

petroleum fields,  Second. the valug of 0.454 (see
Cutput 17 is mat lose to [ 00, 50 il ¢ould be concluded
tht the sirengih of associstion betwesn thevol of
£43 Mared and utilized is moderate. Puming it in gnother
way, il could be said that 5 54.6 PErcent increase in the
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volume of gas flared In Migeria would likely bead to
54.6percent more utilized gas volumes in Migeria,

However, the tems, weak, moderaic and
strong, do nat have precise meaning for describing the
coefficient of comelation. A measure that has a more
casily interpreted meaning s the coefficieni of
determination, r,", From Output 1, the coefficient of
determination, r,* is 0.206. This s a proportion, or a
percentage. Therefore, i coald be interpreted thar 20.6
percent of the variation in the volames of gos wiilized in
Nigeria is explained, or accounted for, by the variation
in the volumes of gas fared,

The computed t; is 3.34 {see Output 1), Using
the 0.05 level of significance, the decision rule states
that if the computed 4, falls in the srea lying between
plis 2.306, and minus 2,306 then the null hypathesis is
0t rejected. Since the computed 1; = 3.34 falls in the
rejection region, Hy, is rejected at 0405 significance
level. This means that the correlation in the population
is not Zern,

The test of hypothesis will now be interpreted in

terms of the p-valee. From Output |, the p-vaht is
0.0017 a1 0.05 significance level. Tt could be recalled .
from the Framework Review Section 2.4, that if the P-
value is less than 000, then there is Wery strong
cvidence that Hy is oot true. This statemen Supparis
and agrees with the earlier decision drawn from
hypothesis test for 1, that Hyy is rejected a1 0.05
significance level, confirming that the corretation in the
population is not zero. In the context of this study, it
indicates that definitely there is comelation in the
populatien of oil producing companies in MNigeria, with
regard 1o volumes of flared natwal gas and wtilised
natural gas. This may be ane of the findings from this
sludy.

4.2 Correlating gas production {X] with gas wilizarion
(Y}

Output 2: Computer report cord for Analysis of Gas
Production (as X-variable) and Gas Unilization (a5 Y-
vanable)

egaStat
egression analysis
0.890 r,?
0.943 r;
7063.968 std. error of estimate
45 observations
1 predictor variable
Y dependent variable

Confidence interval

| Jotal _19,456,879,578.9057 44

X; b= 1,2145 00652 1863 3.31F-22 10830 1.3461

ANOVA table

| Source S5 [«/d ME £ 2-vilue
ression  17,311,194,819.1417 1 17,311,194,819.1417 346.02 3.31E-22
dual 2,145,684,759.7640 43 49,899,645.5759

The Pearson product-moment correlation coelficient,
£z is 0,943 {see Oulpwt 2). First, the positive nature of
the figure is indicative of 8 direct relationship between
the quantities of nalural gas produced in Migeria and the
quantities of natural gas utilized in Nigerio

Second, since the value of 0.943 fope Ouiput 2} js
very chose 1OD, it could be inferved that the strengih of
the assnctation between the quentiiies of #£a5 proiisce:d
and consumed in Migeria is strorg. This is o say that 4
3.70 percent increase in the quantiry of pas peoduced in
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Nigeria, would likely lead w0 5.70 percent  more
consumed gas quantifies in Migeria,

Regarding the coefficient of determination 1.7,
Output 2 shows that its value is 0.890. Therefore, it
could be interpreted that 89 percent of the variation in
the quandities of gas consumed in Nigeria is explained,
of accounted for, by the variation in the quantities of
g procluced in Nigeria,

From Output 2, the computed 1y is 18.63. At
Q0% significance level, t; = |8.63 falls in the rejeciion
rgion, 5o the null hypothesis, Hy is rejected.  This
inplics that the comelation in the population is not zero,
Alsa, from Ouiput 2, the p-value shows 3.31E-22 ar
005 significance level. A recall from the Framework
Beview Section 2.4, shows that if the pvalue i less

than 0.001, then these is extremely strong evidence that
Hp is not true, This statement agrees with the earlicr
bypothesis testing outcome that it is not true that the
correlaion in the population is zero, From the practical
standpaint, the statement above suggests that definitely
there is correlation in the population of Nigeria's oil
producing companies, regarding the quantities of
nMurnl gas consumption and production in Migeria.
This may constitute another finding from this study,

4.3. Correlating gas production (X) with gas flaring (¥)
Qutput 3: Computer report file for Analysis of Gas

Production {as X-varisble} and Gas Flaring (a5 Y-
variable)

[MegaStat
Regression analysis
0.522 ry?
0.722r;
14713.831 std. error of estimate
45 observations
1 predictor variable
Y dependent variable

o g

S F o-vafue

ression 10,147,515,878.3625 1
idual 9,309,363,700.5432 43

—— Total 19.456.879,578.9057 44

10,147,515,878.3625 46.87
216,496,830.2452

2.15E-08

The computer-evaluated correlation coefficient, ry is
shown 19 be 0,722 (see Oulput ). The positive value of
"1 SUEEEIts & direct relationship between the wolumes of
g4s production and flaring in Nigeria's petroleum feld.
Second. with the value of no= 0.722, which is more
than half of 1.O0 bur not upie 100, it could be
concluded that the strength of the association beiween
the volumes of gas production and flaring is strong. In
other wards, this could be expressed that 8 27.§ percent
increase in the volume of pas production in Migeria,

would likely lead 10 278 percest more fared gas
volume in Migeria,

Also, in Output 3, the coefficient of determination,
ri, is depicted as 0L522. To this end, i could be
inerpreted that a 52.2 percent of the varistion i the
volumes of gas flared in Nigeria is explained or
wcaunted for, by the variation in the volumes of gas
produced in Nigeria,

The compuled 4 & shown to be 6,85 (see Cutput 1),
At 0.05 significance level, ty with the value of 6.25 falls
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in the rejection repon of the normal distribution plos.
Therefore) the null hysothesis, Hy is rejected.  This
means that the commelation in the population s not zero.
Also, from Output 3, the p-valee is depicted as 2.15E-
08 an 005 significance level. A recall from the
Framework Review Section 2.4, reveals that if the p-
value is bess than 0001, then there 15 extremely strong
evidence that Hyy 5 nod true.  This statement 15
consistent with the earker hypothesis 12sting outcome
thal it is nol true thar the correlation in the population s
2ero, Putting statistics in action, the stalement above is
indicative that definitely there is correlation in the
population of ofl producing companies in Nigeria, in
view of the volumes of naweral gas produced and flased
in Migeria's petroleumn Oebds. This may be counted as
another finding from this stedy,

4.4, Limitattons of correlanion analyns

In  correlation  analv<is, 0 cause-and-effect
relationship can be inferred. It seeks to Find owt if a
comelation exists, but it does not suggest that the
variations in say flared gas volumes are caused by the
variations in gas production volumes, or vice versa
Therefare, there shouwld be caution in the use of
correlation analysis outcomes,

5. Conclusion and recommendation

The problems of natwal gas prodoction and
disposal by flaning have persisted for over 50 years of
petroléum production in Nigeria, 'Within the context of
optrations  research, this  endeswowr  exploited
comelation analysis 2s the tool for the stody.  Ax the
end, satisfactory insights were gained about the degres
of associations between the varigbles in the gas
production and disposal data. Interestingly, some of the
major insights and findings obtained from the study are:

1. Thay there is a direct and moderate association
between gas flaring and wilisation as approaches 1o
gas disposal in Migeria®s petroleum indusiry. Also,
anocther finding from the siudy indicates that
definitely there is correlation in the population of oil
producing companies in Migeria regarding the
volumes of fared natural gas and utilized natural
gas.

2, That there is also a direct and strong relationship
between Nigeria's pas production and disposal by
uiilisation approach, From practical stand point, an
insight from the study supgests that definitely there
is correlation in the population of Wigeria's oil

- producing companies, with regard to the quantities
of naural gas consumpiion (uilismion) and
production in Nigeria,

3. That there 15 also a direct and moderaie association
between Nigeria's pas production and disposal by
Maring method, Also, an insight from the siudy
shows that definnely there s correlafion in ihe

population of eil producing companies in Nigeria, in
view of the wolumes of natural pas produced and
flared in Migeria®s petroleun felds.

These insights, no doubt have increased the depth of
understanding of the data generated from the operations
of the natura] gas industry in Migeria. However, the
limitatons of correlalion analysis call for caution in it
spplication. To this end, a multiple cormelation analysi
is recommendad a8 4 precaution and also a means of
furthering the study with the view of companng the
outcomes. Also, & software capable of producing
comelopram plot & recommended as a means of
advancing the study.

Motation

a  The Y-intercapt; The estimated value of Y whene
the regression line crosses the Y-axis when X is

e,
b The shop of the line, or the average change in Y,
for a unit change 1n the independent variable X

The coefficient of comelation

The coefficient of determination

r The coefficient of comelation for gas wilisaion
and gas fMaring :

ri  The coefficient of comelation for gas production
and gas utilksanion

ri The coslficient of correlation for gas production
and gaz Maring

L The test statistic for the signaficance of r

G The test statistic for the significance of 1 (the
comelaton cocfficient for gas uiilisation and ga
flaring)

i The test swalistic for the significance of 1y (the
corrélation coefficient for gas production and g
wlilisation),

tz  The test statistic for the significance of ry (the

correlation coefficient for gas production and gas
flaring).

The X variable

The mean of the X variahle

The Y variable

The mean of the Y variable

. The predicted value of the Y-variable for 4

selected X-value

X The X variable summed

Hy The null hypothesis

H; The akternate hypothesiz

fn  The number of paic obstrvations
y

I;

e A

{IX®) The X wvariable squared and the squam
summed

(XY The X variable summed and the sum squared

FXY  The sumof the products of X and ¥

Y The ¥ variable summed

(Xy" The Y variable squared and the squars
summed

(Y The Y variable summed and the sum squared

B The correlation in the population from which the

mafural gas production and disposal reconds were
obiained.
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