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Abstract

This work discusses the ARIMA model for crude oil export in Nigeria between January
1999 to December 2007. The relevance of this study lies in its ability to provide
information on the possible point of dwindling proceeds from oil exports. The
transformation suggested by data evaluation was applied to stabilize the variance. The ARIMA
(1,1,2) modd, with ;=1.9479¢=-0.3019,and &= 0.2915itted to the transformed series

W, = X %3 was found to be adeguate for describing the pattern in the series. The forecast

values for the next 12 months (i.e. for 2008) using this model indicates a high degree of
disagreement with the actual values. This was attributed to changes in the circumstances
under which the model was constructed. This indicates that the proceeds from oil exports may
not be relied upon for too long because of such changes. It is therefore, suggested that efforts
geared towards diversification of exports be increased and sustained.
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1.0 Introduction

Oil is a major source of energy not only in Nigebiat the world in general. In Nigeria, oil is theaimstay of the
economy and plays a vital role in shaping the envaa@nd political destiny of the country. Nigeria@sgports of crude oil
and natural gas at a time of peak prices have eddbé country to post merchandise trade and dusigount surpluses in
recent years. According to [6] report, 80 percehiNmeria energy revenues flow to the governme,pkrcent covers
operational costs and the remaining 4 percent gavestors. However, the World Bank has estimated &s a result of
corruption, about 80 percent of energy revenuefiteonly one percent of the population [United iatDevelopment
Program (2007)].

The U.S remains Nigeria’s largest customer for erod, accounting for about 40% of the country'satwil exports.
Nigeria provides about 10% of overall U.S oil imgoand ranks as the fifth largest source for U.Boirred oil [6] and
(UNDP (2007)).

Petroleum production and export play a dominarg inl Nigeria’s economy and account for about 90%ef gross
earnings. This dominant role has pushed agricyltime traditional mainstay of the economy during #arly fifties and
sixties to the background. Over the past yearspiliadustry (oil exports) has made a variety ohtibutions to the Nigeria
economy. These include the creation of employmppbdunities, the supply of energy to industry anchmerce, provision
of funds for local expenditure on goods and sessicentribution to government revenues, to grosaettic product (GDP)
and to foreign exchange reserves. In summaryribteworthy that (i) Nigerian economy depends orceeals from oil (ii)
Proceeds from oil come from both internal and exksources (iii) Proceeds from external sourcdsefports) far exceed
those from internal sources. Therefore, (i) oneeptoceeds from the external sources dwindle @ssthie Nigeria economy
may crumble, (ii) the much dependence of the Nageconomy on oil export demands that the courtioulsl have a
reliable estimate of future capacity of the exgorsustain the economy and the point at which d@rdéming return from the
source sets in. To what extent and for how long ldvdhe proceeds from oil export continue to susthi@ Nigerian
economy? This and other related issues are whapéger intends to address.

The relevance of this study lies in its abilitypiwvide information on the possible point of dwindl proceeds from oil
export. This, in turn will enable the government grolicy makers to guard against sudden collapgeetconomy. It will
also provide policy makers with information on th@act of corruption on Nigeria economy since i$ haen estimated that
about 80% of revenue benefit only one percent gfeNa through corruption. Government will also lieato assess the
level of dependence of the economy on any particdantry or group of countries and take necesstaps to reduce over
dependence on them. Furthermore, many models araae for the purpose of providing forecasts hame seems to have
addressed the issue of the unstable nature ofafaecth oil exports (in terms of trend and variah@eigeria. Hence, there
is need for this study.

Corresponding author: Tel. (E. C. Nwogu) +234803388
Journal of the Nigerian Association of Mathematical Physics Volume 17 (November, 201Q)285 — 292

Arima Model Of Crude Oil Exports In Nigeria E.C.Nwogu andH. C.Ilwu  J of NAMP



The ultimate objective of this study is, therefdreconstruct a time series model that would giveliable forecast of future
values of oil exports in Nigeria which may be neeeyg to determine the onset of diminishing retdrom it. Specifically

the study (i) evaluated the data to determine #uessity for and choice of appropriate transfoiona(ii) affected the
transformation suggested by the data evaluationdétermined the characteristics of the transfedrdata and (iv) fitted the
ARIMA model suggested by the characteristics oftthasformed data.

This study is divided into five sections. Sectioedntains the introduction; Section 2 presentsstindy methodology,
while the Section 3 focuses on the need for andcehaf appropriate transformation for the crudeeoibort data. Section 4
contains the estimation of the parameters of thé&vMRmodel for crude oil export in Nigeria while tHferecasts and study
conclusions are contained in Section 5.

2.0 Methodology

The method of analysis adopted in this study i Box, Jenkins and Reinsel (1994) procedure faingt
autoregressive integrated moving average (ARIMAYetloThe Box, Jenkins and Reinsel multiplative tisegies model is
given by

9,(8)0,(E°)L-B) 0~ B°) w = 6,(8)8, (B7)e 2.1)
Where
1 R_mR2_  _mRP
¢,(B)=1-¢B-¢,B"~...-¢,B 2.2)
eq (B)=1-6,B —GZB2 -.. .—quq (2.3)
®,.(B%)=1-9,B°-9,B* -...-9,B” 2.4)

Qs
0,(B°)=1-0,B°-0,B* -..0,B 2.5)

Equations (2.2) and (2.3) are polynomials of B withcommon roots, while (2.4) and (2.5) are polyissnof B® with no
common roots. The roots of these polynomials lieside the unit circle.
e is the zero mean white process with constant maeiér ’< o0 -

(l— B)d is the regular differencing to remove the stodhdetnd (if any) in the series

(1— BS)D is the seasonal differencing operator
The Equation (2.1), which can be written in shortd as ARIMA (p, d, g) x (P, D, Q)
model contains both seasonal component:
@0 (B°Ja-B7 W, =0, (8°)b,
and non — seasonal component
¢,(B)1-B)'W, = 6,(B)a

&

(2.7)
In (2.6) and (2.7){at} and {bt} are the residuals which may not be white noisea Beries that contains only the non —
seasonal part, Equation (2.7) can be rewritten as
¢ (B)A- B)d - BS)DWt =6q(Ble, (2.8)
Wheree, is now a white noise. This is equivalent to thpression in (2.1) with
®,(B%) =04(B%) =1
When there is no seasonal differencing this furtkduces to
. (B)(1-B)’W, =6,(B), (2.10)

The value of d is determined by the number of reigdifferencing required to completely isolate trend from the series.
Complete isolation of the trend is indicated by tieure of the graph of the autocorrelation furncti@acf) (or the
correlogram). The autocorrelation function (acfl grartial autocorrelation (pacf) of a stationaryiese (that has no trend)
and seasonal effect), may show spike(s) at thiedivd / or second lags and cuts off thereafter.aFstationary autoregressive
(AR) process, the pacf cuts off after the first ad second lag, while for a stationary movingrage (MA) process there is
a cut off in the acf after the first and / or settdags. When there is a cut off in both acf andf,pae may consider the
ARMA process. For the series under study, the edéimof the parameters which meet the stationarity invertibility
conditions were obtained using the MINI TAB Softear

(2.9)
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The Box, Jenkins and Reinsel Procedure outlinedealbssumes that (i) the underlying distributionhaf series under study
is normal, (ii) the variance is constant and (iiiat the relationship between the seasonal and-remasonal components is
multiplicative as indicated in Model (2.1). Wheneoor all these conditions are violated the fitteadal may be inadequate
for the series under study. In order to determiree duitability of the study series for the ARIMA deding procedure the
series was evaluated for these assumptions. Theatior assumption was investigated by looking &t liistogram and the
properties of the series (including the mean, mediad measures of skewness and kurtosis). Furtherriiee Box — Cox
transformation procedure which jointly investigates need for and determines the appropriate wamsftion was also
adopted to check the stability of variances. Fdritieof the Box — Cox transformation procedure Beetlett (1947) and
Akpanta and lwueze (2007). However, as noted by (@009), when data is transformed, the originairfaf the data, as
well as the unit of measure are altered.

3.0Choice of appropriate transformation for the Crude Oil data

The monthly record of crude oil export in Nigeriarh January 1999 — December 2008 (in hundredsoofsénds of
naira) is shown in Appendix A while the corresparyiime plot is shown in Figurel. As Figure 1 shpthe series is
moving in upward direction in what appears likarear trend. This is further strengthened by theuah means from the
Buys — Ballot table, given in Table 1, which incsed from about 1286.1 in 1999 to about 5839 in 2006

According to the months, the mean ranged from aB006 in February to about 3581 in August, indimgtihat
there might be no seasonal effect. Furthermoreatimeial standard deviation ranged from about 2862601 to about 688.0
in 2005 while the monthly standard deviation ranfredn about 1490 in May to about 2172 in Augusti¢ating that the
variance is not stable. The overall mean (32751B¢)median (2695.00), the measures of skewne387®1) and Kurtosis (-
1.32208) and the histogram of the original dataceaug that the series may not have come from a alopmpulation. In
summary there are indications that the underlyiisyidution may not be normal and the variance mat be stable and
hence, that the data needs transformation.
In order to implement the Box — Cox transformatithe slope {) of the regression equation of the logarithm & ¢iioup

n

standard deviations (la@, ) on the logarithm of the group means (¥0g of the series given in Table 1 was obtained and
]
used to determine the appropriate transformatiobetadopted. This was found to be equal t@le 0.369= 037 with

m]
standard error 0.1298 and coefficient of determomatR >=0.537. This slope (B = 037)lies between 0 (when no
transformation is required) and 0.5 (when squaog transformation is required). Since this valu8{) appears closer to 0.5
than to zero, we examine the suitability of theasguoot transformation. Thus the null hypothesgted isH , : L =05

(and the appropriate transformation is the squaret)ragainst the alternativeHl:,Bi 05(@nd the appropriate

transformation is not square root). When the cateul t-value (-1.009) is compared with the tabdlatalue (2.365) at =
0.05 level of significance and 7 degree of freeddnappears that the square root transformation beyhe appropriate
transformation.

The square root of the original data was takeoltain the transformed serieeYt =X, ) The transformed
series was also checked for the adequacy of thissftormation, following the whole process of choafeappropriate

O
transformation. The slof) of the regression equation of log of the groumaad deviation (|090y) on the log of the
group means or{l0g, ) is -0.294882 with standard error, s = 0.2005 areffient of determinationR? = 0.172 . In

O
comparison, these values of the sldf) and R appear quite high and indicate that the squaretransformation may not

have achieved the desired transformation. Theretbee option lies between further transformilYg and using the exact
transformation,

W, = xtl‘ﬂ (3.1)

(wheref = 0.369= 037). From the results of the exact transformatior, ¢stimate of the slopg3{,) of the regression

equation of |Oge Owt on Ioge Wt is -0.022 with standard error s = 0.2029 aRd = 0.002. Thus the exact
transformation appears to be more appropriatenfseries.
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The time plot of the transformed series (Wt) shawrFigure 2 shows clearly that (a) there is an upwtaend
moving in a linear form. This is also supportedtihy annual means shown in Figure 3, which ranged £0.33 in 1999 to
about 235.7 in 2006. (b) the amplitude of the ¢estdiins about the trend has reduced. The annuadiatd deviations of W
also shown in Figure 3 appear to be more stabieatidg that the variance has been stabilized.

4.0 ARIMA model for Crude Oil Export in Nigeria.

The autocorrelation function (ACF) of the transfedvseries (Y shown in Table 2 decayed reluctantly from about
0.94 at lag 1 to about 0.25 at lag 27 confirming phesence of trend while the corresponding patisdcorrelation function
(PACF) has spikes at lags 1 and 2 only. This AC§gssts that the transformed series requires difééng to remove the
trend.

The time plot of the differenced series; & dW,) shown in Figure 4 now fluctuates about a lineotigh zero
indicating that the trend may have been removenm filoe series. The ACF and PACF of the differencaries () also
shown in Table 2 also suggest that the differersezibs is stationary with one spike each of ACFRACF at lag 1. These
also suggest that the model to be tentatively &iterd is the ARIMA (p,d,q) with p= g = d = 1. TlBeggested model
(ARIMA (1,1,1)) was fitted to the transformed seri@Vt) and the resultant residuals) (@ere evaluated to establish the
adequacy or otherwise of the fitted model. The A&l PACF of the residuals from the fitted modelvaman Table 3
indicate that the fitted model is adequate to dbscthe pattern in the transformed series when emetpwith the 95%

confidence boundsX 2/\/3).

O O
The estimate of the parameters of the fitted madel@ = —0.3019 with a standard error of 0.1736] = 0.2915 with a
standard error of 0.1730 and the consfdr 1.9479with a standard error of 0.9423. Hence the fittextiel is

U,=1.9479 - 0.3019 U, , + 0.2915 e, , + e, 4.1)
or

W, =1.9479+ 0.698 W, , + 0.3019VN,_, +0.291%, , +e, 4.2)
Where,

U= (1-B)W (4.3)

5.0 Forecasting and Conclusion

The ultimate objective of model buildingtés provide forecasts of future values. In produding forecasts using the
fitted model, it is assumed that the condition(®)ler which the model was constructed would pensigie period for which

forcasts are made. If we denote the forecast metilmat, for the leadl byU (1), then forecast function is given by

Uw(1) =1.9479-0.30190 (1 —1) + 0.2915e,, (1 —1) + €, (1) (.5.1)
If we substituted, = (L— B)W, into (5.1), the forecast function in terms of Mécomes
W, (1) = 19479+ 0.698W, (1 —1)+0.3019W, (1-2))+0.291%, (1-1)+& (1) (5.2)
Using the model in (5.2) with £ 108 the MINITAB software gave the forecagtg/to (I)) for the next 12 months (i.e 2008).

The corresponding vaIueéA((tO (1)) in terms of Xt, shown in Table 4 were obtainemhir\/AVto (1) using the relationship in
Equation (3.1). That is
W, = X}7*

or

%, 0)= (W to(l)jﬁ] (5.3)

As Figure 5 shows, between 1999 and 2007, theoplihte actual and fitted values of the oil expdmticates a high
degree of agreement between the two. Howeverh®stibsequent twelve months (i.e. for 2008), tbegdithe forecast and
actual values given in Figure 6 shows a great digpbetween the actual and forecast, which suggtsit circumstances
under which the model was constructed may havagdgwconsiderably. This is understandable consigehie many

Corresponding author: Tel. (E. C. Nwogu) +234803388
Journal of the Nigerian Association of Mathematical Physics Volume 17 (November, 201Q)285 — 292

Arima Model Of Crude Oil Exports In Nigeria E.C.Nwogu andH. C.Ilwu  J of NAMP



unforeseen circumstances (including the Niger Delisis and the constant vandalization of oil pipe$) which became

worse during that period. This is indicative thabqeeds from oil exports may not continue for toad to sustain the

economy of the country. It is therefore, suggesited the efforts geared towards diversificatioregports be beefed up and
sustained. It is also evident that U S who is tlsgomimporter of Nigerian oil may also be lookingy falternative sources of
energy. When this fully realized the proceeds faihexports will continue to be unreliable.

Table 1: Marginal and overall means and standavihtiens of crude oil exports
Nigeria 1999 — 2007 (N'000,000.00)

Standard Standard
Year Ve e R Months 5 ~
Mean (Xt ) | Deviation (G x ) Mean(xt) Deviation (O )
1999 1286.1 314.0 January 3167 1872
2000 2279.0 412.0 February 3006 1886
2001 1643.5 296.6 March 3160 1787
2002 1665.8 492.0 April 3109 1850
2003 2497.8 341.8 May 3108 1490
2004 3728.0 549.0 June 3301 1803
2005 5211.0 688.0 July 3325 1988
2006 5839.0 572.0 August 3581 2172
2007 5329.0 427.0 Septembgr 3277 1682
October 3503 1946
November 3344 1737
December 3422 1805
Overall Mean 3275.3 3275.3
Overall STD 1752.4 1752.4

Table 4: Actual and forecast of monthly crude gperts
Nigeria 2008 (x1)

Lead Actual | Forecast Error
l Months (X9 X . 0) e, (1))
1 January 7091.18 5757.63 1333)50
2 February 9236.01 5813.84 342217
3 March 8630.39 5873.35 2757.03
4 April 8764.83 5932.15 2832.68
5 May 8151.35 5991.44 2159.91
6 June 7672.40 6050.87 1621.p3
7 July 6200.89 6110.54 90.34
8 August 3954.37 6170.42 -2216.p5
9 September 4540.89 6230.57 -1689|63
10 | October 7091.138 5757.63 1333.50
11 | November| 9236.01 5813.84 342217
12 | December| 8630.3P 5873.34 2757|103
MSE
5439492.00

Table 2. : ACF and PACF transformed (Wt) and, ;o amem Table 3. : ACF and PACF residual seri€s)
Differenced (Ut) series ciation of Mathematical Physics Volume 17 (November, 201Q)285 — 292
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e ad Y Lag(k)| ACF PACF)
ACF PACF ACF PACF

1| -0.00773| -0.00773
1 | 0937662 | 0.93766 | -0.50096 -0.50096
2 | 0918373 | 0.32423 | 0.10618 -0.19329 2 | -0.00623) -0.00629
3 | 0.890239 | 0.03977 | 0.01770 -0.02171 3| 0.10296] 0.10288

4 | 0.06426| 0.06647
4 | 0.861768 | -0.02557 | 0.05901 0.11196 =1 0.06305] -0.06139
5 | 0.831324 | -0.04297 | -0.09033 -0.00066 - it
6 | 0.805513 | 0.01082 [ 0.03342 -0.03219 6| 0.01806] 0.00681
7 | 0.782199 | 0.03455 | 0.03375 0.02660 7| 0.06708) 0.05467
8 | 0.755306 | -0.02050 | -0.00458 0.04893 8 | 0.00709| 0.01720
9 | 0.724519 | -0.06898 | -0.04626 -0.02228 9] -0.01881 -0.01360
10 | 0.699761 | 0.00345 | 0.09308 0.06057 10| 0.05170] 0.03436
11 | 0673429 | 0.00135 | -0.10367 20.04963 11| -0.04299| -0.05152
12 | 0.648633 | 0.00521 [ 0.07130 0.00499 12| 0.04342 0.05281
13 | 0.622893 | -0.01510 | -0.00076 0.04714 13| -0.01624| -0.02244
14 | 0.599616 | -0.00360 | -0.09788 -0.10832 14| -0.07130| -0.07568
15 | 0.586891 | 0.09676 | 0.14629 0.07122 15| 0.05271] 0.05403
16 | 0.554825 | -0.11185 | -0.20273 -0.14948 16| -0.07730] -0.08643
17 | 0.535880 | 0.00141 | 0.23322 0.11408 17| 0.13109 0.15647
18 | 0.508422 | -0.05136 | -0.15232 0.02463 18 | -0.09349| -0.10349
19 0.479547 -0.06299 0.01280 -0.07141 19 | -0.05085| -0.05255
20 0.458195 0.04261 0.05380 0.02875 20 0.01468] 0.00498
21 | 0.426772 | -0.07168 | -0.06577 -0.05887 21| 012603 -0.13481
22 | 0.400087 | -0.03657 | -0.08048 -0.16237 551 -0 11247 -0.07866
23 | 0.369536 | -0.04525 [ 0.11152 0.00143 531 003151 003253
5 oswsoes [ aomss | soser o1 24 -0.09645 -0.10255

i : — e 25| -0.09727| -0.06485

26 | 0.282810 | 0.03168 | 0.01782 -0.00843

26 | -0.00159| 0.02263
27 | 0.253486 | -0.04617
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