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ABSTRACT

The environmental damages caused by oil spills and the costs to society of
remedying such damages have raised the level of awareness of such pollution
and the necessity to reduce their occurrences. As with the case with most
accidents, it is very difficult to predict an oil spill event. However, with
adequate data, this study has demonstrated that it is possible to generate
a reasonable estimate of the aggregate number of future levels of oil spill
incidents. An empirical model of the relationship between oil consumption
and oil spill was developed using the familiar ARIMA framework. The results
show that this type of model is useful in generating plausible estimate of
levels of incidents and thus aid in the estimation of potential cleanup costs.
The study estimates that annual average total cleanup up cost up to the
year 2005 could be as low as $14 million and as high as $958 million in
1997 dollars.

1. INTRODUCTION

The relationship between energy consumption and economic growth has long
been recognized. Concomitant to this established energy-development rela-
tionship, however, is the unavoidable environmental consequence of increasing
energy consumption in most economies. Many of the energy-related environ-
mental problems arise from fossil fuels production, processing, distribution, and
use. Oil and gas consumption is the major component of fossil fuel consumed
in most industrialized economies. A natural resource such as oil and gas are

*An earlier version of this article was presented at the 54th International Atlantic Economic
Conference, October 10-13, 2002, Washington, D.C.
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location specific and thus must be transported for processing and use across
location, countries, or even continents. As the growth rate in oil consumption
rises worldwide, it is not inconceivable to expect the risk and number of accidental
oil spills to rise. Pollution arising from oil spill accidents is thus a major concern
around the world. Here an “oil spill” connotes a discrete event in which oil is
discharged by accident, neglect, or willful intent over a relatively short time [1].
Oil itself is defined as petroleum and its associated derivatives, but does not
include liquefied natural gas or petroleum gas nor benzene, toluene, ethylene,
and xylene.

Oil spill accidents are frequent occurrences in U.S. waters. In 2000, over 8,000
oil spill accidents involving more than 1.4 million gallons of oil occurred in
diverse sources such as pipelines, tankers and other vessels, storage tanks, produc-
tion rigs, and barges [2]. Although the Exxon Valdez spill of nearly 11 million
gallons of crude oil off the coast of Alaska in 1989 marked a turning point
in oil spill history and oil transportation policy, thousands of relatively smaller
and less visible incidents are common occurrences. The estimated cleanup
costs associated with the spill was estimated to fall between $1 billion to
$2 billion. The total cost of the spill reached 13 billion in 1999 dollars [3].
The Valdez incident sparked the U.S. Congress to enact the Oil Pollution Act
of 1990 (OPA 90) that, among other things, provided strict rules and regu-
lations including an increased financial burden on polluters. Hence, the continued
interest in the occurrence and environmental implications of these incidents
worldwide.

The number of accidents and the volume of oil spilled are important consider-
ations for environmental management purposes. While the importance of the
magnitude of oil spilled is always a focus, the numbers of such incidents occurring
over time are equally important for several reasons. First, in the monitoring and
evaluation of spill prevention strategies and response readiness, the total number
of incidents, especially in different size categories, is likely to be more useful
information than the total volume spilled. Second, an estimate of the potential
number of future incidents may be more significant in practical terms than
predicting the occurrence of specific oil spill accidents and the associated spilled
volume. This is because the distributions of spill incidents across different size
categories are fairly similar from year to year. For example, about 87% of all spill
incidents result in not more than 100 gallons of oil spilled, visible but relatively
rare incidents such as the those resulting in spillage of 10,000 gallons or more are
responsible for an average of about 90% of the total oil spilled in U.S. waters.
Third, given the fairly stable distribution of such accidents over time, a fairly
simple model providing reliable estimates of future levels of spill accidents allows
for proper planning of remediation efforts and the potential cleanup costs [4].
Finally, an important policy assessment question is to what extent has OPA 90
or other regulations and rules been effective in curtailing both the number of
accidents and the magnitude of oil spills?
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Previous studies in the oil spill literature have been dominated by engineering,
biological, and chemical analysis because the focus of the government has
largely been on oil spill cleanup and abatement, as indicated by a review of
the Louisiana Applied Oil Spill Research and Development Program database
(Selected Abstracts and Bibliography of International Oil Spill Research—
http://www.osradp.lsu.edu/), which comprises abstracts of over 4000 articles on
oil spill research. Social and economic studies of oil spill events have been focused
on estimating or assessing the risks of spill accidents [e.g., 5-7], or the value of
damage caused [e.g., 8-10]. A few other studies have focused on evaluating the
factors determining the occurrence and/or size of oil spill incidents from different
sources and locations [11-14]. However, predicting any form of accident is always
a daunting task because of the myriad of influential factors that underpin such
events. In particular, oil spill accidents are notoriously difficult to predict; the
probability of a spill occurring depends on several factors including location,
weather conditions, mode of transportation, source, or even monitoring and
enforcement quality, and so forth. Data on these variables are rarely collected on
a consistent basis.

The objective of this article is to estimate and forecast the levels of accidental
spills in U.S. waters using transfer function analysis in the tradition of Box-Jenkins
ARIMA [15]. In addition, estimates of potential cleanup costs of future spill
accidents are provided.

The remainder of this article is organized as follows: section II presents the
econometric model, section III describes the data, section IV provides the empirical
results and analysis, and section V presents the summary and conclusions.

Il. ECONOMETRIC MODEL

Transfer function ARIMA models are powerful time series models that have
been used to estimate and forecast variables in a wide variety of applications.
Recent applications include Liu [16], Enders et al. [17], Trivez [ 18], and Fullerton
and Tinajero [19]. The general formulation of an ARIMA model may be repre-
sented as follows:

Vimet @Y+ QY 5+t DY g+ Dy + D5 g + o+ Oy, 1

or, using lag operators:

(- QL= D, — .= O Y, =c+ (1+ O L+ O, + ...+ O, ), (2)
where 7, is the modeled series, ®@; are the coefficients in the lag operator, L,
¢ is a constant, and g, the error term.

Given that the roots of the AR polynomial in (2) lie outside the unit circle, both
sides of (2) can be represented as:

Y, =p+¥ (L), A3)
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1+OL+ Do L% + ... + D, 19
1 2 q

W(L)= 4)
2
(=@ L-DyL” —...—D,17)
o0
DIl <o
j=0
Q ZC/(I—q)l —(Dz —...—(Dp )

The numerator and denominator terms in (4) represent MA and AR, respectively;
and p is the mean of the series, Y. In a Box-Jenkins formulation, a parsimonious
representation of a univariate real-time series is preferred. A key assumption
underlying (1) is that the series, Y, is stationary. Otherwise, the difference, AYY,
must be taken to achieve stationarity implying Y, is integrated of order d.

A transfer function model is an extension of ARIMA model with one or more
exogenous variables serving as predictor(s) or leading indicator(s) of the response
series, T. That is, the predictor variable’s contemporaneous and past observations
can be used to predict the future values of the series, Y. The exogenous variable(s)
is (are) a stochastic process not constrained to have a particular deterministic path.

Consider a single variable transfer function, Z, that is known for certain at time t.
Assume Y, is generated by an ARIMA (p, d, q) process as in (1), a transfer function
model of the process may be formulated as

Y, =v(B)Z, + N, Q)
where
o)
"), ! (6)

defines the “noise” aspect of the model, € is a random shock, and v(B) is a
polynomial which may be expressed in a rational form such that

B) ok
wB)=——"B*,
B) 3(B) (7
where
o(B)=0y —oB—...—oB",
8B)=1-8;B-...—8,B",

and the “delay” in the effect or “dead time” for the transfer variable Z, is defined by
k. In this study, the response series Y4, is the number of oil spill accidents and the
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input series Zi, is the level of oil consumption. Note that in ARIMA notation, B is
used to denote a “backshift operator” such that BIN, = Ny.;.

A crucial assumption in Equation (5) is that there is no feedback effect from
Y; to Z;. Absence of a feedback implies that there is no simultaneity in the
model; otherwise a transfer function is inappropriate. A test for simultaneity in
Equation (5) can be accomplished using Granger-causality tests (a variable A is
said to Granger cause B if a knowledge of A helps in improving the forecasting
performance or prediction of B’s path). Therefore, a plausible transfer model of oil
spill accidents and oil consumption should indicate only a unidirectional causality
from oil consumption to oil spill accidents and not in the opposite direction.

11l. DATA SOURCES AND DESCRIPTION

The monthly spills data used in this study was obtained from the U.S. Coast
Guard’s Marine Safety Management System (USCG-MSMS) comprehensive
database on spill accidents in U.S. Waters [2]. The database documents discharges
reported to the Coast Guard by responsible parties, by other private parties,
government agencies, or as discovered and reported by Coast Guard personnel.
Included in the database are all reported discharges into U.S. navigable waters,
including territorial waters (extending three miles to the coastline), tributaries,
the contiguous zone (extending from three to twelve miles to the coastline), onto
shorelines, or into water that threatens the marine environment of the United
States. The USCG-MSMS is actually a combination of three database systems: the
Pollution Incident Reporting System (1973-1985), the Marine Safety Information
System (1985-1991), and the Marine Investigation Module (1991-present).

The data include the monthly number and quantity of spills from 1969 to 2000.
According to the Coast Guard, the pre-1973 data has limited statistical integrity;
so the analysis here is limited to the data from 1973 to 2000. A number of
validation checks are usually run to test and verify data integrity. The data is
frequently screened for gross errors or omissions, and corrections are made
where necessary.

The data on oil consumption in the United States from 1973 to 2000 was
obtained from the U.S. Energy Information Administration (EIA). This data is
published in several issues of the EIA’s Petroleum Supply Monthly and measured
in thousand barrels per day.

Figures 1 and 2 present plots of the number of oil spill incidents and oil con-
sumption levels in the United States between 1973 and 2000. As these graphs
clearly show, both plots indicate distinct patterns of upward and downward
swings. Up to 1980, the trends are generally upward. Then, a period of downward
movements followed until the mid 1980s. While oil consumption has generally
trended upward since 1985, oil spill incidents appear to have stabilized since
1993, although at a much higher levels than the early to mid 1980s. The trends in
oil consumption clearly follow the trend in real oil prices over this period.
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Figure 1. Oil spill accidents in U.S. waters, 1973-2000.
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Figure 2. U.S. oil consumption per day, 1973-2000.
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Although the trends in spill incidents are not entirely due to oil consumption, it
has generally followed a similar pattern to oil consumption, more so, until the
mid 1990s. The slight break in the upward trend in spill accidents since 1993
appears to be as a result of OPA 90 and other regulatory regimes in most of
the states. It appears that spill incidents follow oil consumption movement albeit,
with some lags.

Figures 3 and 4 depict the average distribution of spill incidents over the
period of the analysis. Contrary to widespread perception in the popular media,
only a few incident results in more than 1,000 gallons, and incidents such as the
Exxon Valdez (greater than a million gallons) are very rare occurrences (Figure 3).
Most spill incidents occur in rivers and canals (28%), followed by bays and sounds
(21%) and the Gulf of Mexico (14.5%) as shown in Figure 4. Although not shown
here, our analysis indicate that by location of occurrence, spill accidents occurring
in internal waters accounts for about 50% and about a quarter of the incidents
in coastal waters. Furthermore, in terms of distribution of incidents by source,
vessels, besides tanks and barges and facilities (i.e., industrial, air transport,
railway, and storage) dominate; vessels accounts for about 32% and facilities
about 24%. Obviously, a major impetus for oil spill incidents is the transportation
of crude and refined petroleum across the U.S. landscape.

IV. EMPIRICAL RESULTS AND ANALYSIS

The usual Box-Jenkins ARIMA procedure involves three stages of identifi-
cation, estimation, and diagnostic. At the identification stage, visual inspection of
the plot of the series, its autocorrelation function (ACF) and partial autocorrelation
function (PACF) are examined to check for trend, structural change, and most
importantly, stationarity or otherwise of the data generating process. If the series
is not stationary then it must be appropriately transformed, usually by differ-
encing, to obtain a stationary process.

An examination of both series shows the monthly number of oil spill incidents
and volume of oil consumed are not stationary. Because both series appear to be
non-stationary, we employ the general form of the augmented Dickey-Fuller
(ADF) test, which involves regressing each series on constant, own lags, and
a time-trend.! The results are shown in part A of Table 1. The test confirms the
non-stationarity of these series; both series are however stationary in the first
differences without trends.

As indicated previously in section II, a unidirectional Granger-causality test
from oil consumption to oil spill is necessary to establish the appropriateness
of a transfer function model. The result of the pairwise Granger-causality test is

! The general formulation is Ay, = p+ vy, + ot + 1Ay + ... + 8y Ayrper T &5 and Ho: y =0, Hy: y <0,
where 1 is a constant, t is time trend, A is the difference operator, and all other terms have the usual
definitions.
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Table 1. Unit Roots and Granger-Causality Test Results

A. Unit Root Test

Variable ADF test statistics Probability
loil -1.7171 0.423
dloil -3.9049 0.002
Ispills -1.8080 0.376
dispills —4.8480 0.0001

B. Granger Causality Test

Null hypothesis F-statistics Probability
dispill does not Granger cause dloil 1.1114 0.3438
dloil does not Granger cause dispills 2.0550 0.017

Note: No. of observations: 298, No. of lags: 12.

depicted in part B of Table 2. The test strongly rejects causality from oil spills to
oil consumption but strongly accepts causality from oil consumption to oil spills,
suggesting that a transfer function model is appropriate in this case.

Given the above results, the general transfer function model employed is
compactly depicted as follows:

A; (B)dispills =y, + C; (B)dloil, + D, (B)e, (8)

where Ai(B), Ci(B), and D;(B) are polynomials in the backshift operator B; p is
the “mean,” which must be significantly different from zero when estimated if
the first differenced series in Equation (8) is stationary, dispills and dloil are the
log-transformed first difference series for oil spills and oil consumption, respec-
tively. The model is estimated using data from 1973-1997. Data from 1998 to
2000 are used to evaluate forecasting performance of the model.

In estimating Equation (8) the following steps are followed:

i) ARIMA procedures described above are followed to fit the series dloil.
Several alternative plausible models are evaluated using three different
criteria: Akaike Information Criterion (AIC), Schwartz Bayesian Crite-
rion (BIC), and the likelihood ratio test (LR). The residuals are evaluated
using standard plots and the Box-Ljung test statistics.

ii) Estimate a model of dloil series by pre-whitening it with the model
finally chosen in (i) and evaluate its adequacy using available diagnostic
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examination of the crosscorelations between dispills and dloil. Then,
interpret the crosscorelations to tentatively identify a transfer function
model.

(iii) Several plausible alternative transfer functions model identified by the
error process of the preliminary transfers function model are considered.
Three transfer function models of spills incidents and oil consumption
were then selected based on the AIC, BIC, and LR criteria. A final model
was selected based on its forecasting performance using three other crite-
ria: Root Mean Square Error (RMSE), Mean Absolute Error (MAE), and
Theil’s Inequality Coefficient or Theil’s “U.”

The final model estimated and selected for forecasting future levels of spill
incidents is
(1+0.1852B° + 0.1454B° — 0.1520B'* — 0.1285B*)dIspills, = —0.0009 + (0.50176 + 0.9193B)dloil,
(0.0571)*** (0.0583)** (0.0583)*** (0.0572)** (0.0003)  (0.2361)**  (0.2356)**
+(1-0.6215B)g, 9)
(0.0468)%*
Obs: 292 S.E.: 0.1425 AIC:-299.85 SBC: -270.43 Q(26) — Prob: 0.62.

Standard errors of estimate are shown in parentheses. The notations *, ** ***
indicate statistical significance at 10%, 5%, and 1%, respectively.

The results in Equation (9) show the model is consistent with the underlying
theory and adequate. In particular, the constant term is statistically insignificant
at all conventional levels showing a confirmation of the Dickey-Fuller test of
stationarity of the data in first differences. Also, the Q-statistics is insignificant
at all lags (not reported) indicating a white noise process, which implies the tests
of significance of the estimates are valid. All parameters, except for the constant,
are significant at the 5% level.

The coefficient on dloil is significant and positive indicating that growth in
oil consumption leads to growth in oil spill accidents. The transfer function
estimate shows a six-period “delay effect” or “dead time.” This delay effect
implies that it takes less than six months for a significant shift in oil consumption
to show up in increased oil spill incidents. This length of period might seem a
little bit long but it must be remembered that this is an “average” time, because in
reality it is likely that the lag-response will differ by spill source. For example,
accidental spills in industrial facilities are likely to show up faster than in internal
waters, which are likely to be faster than those occurring in the Oceans. In other
words, the time it takes to meet a given change in demand for oil consumption
differs by mode of delivery.

The coefficients on the AR terms indicate that this system has a memory with
regard to spill incidents. The effect of any given change in oil consumption
decays at the rate that is implied by the AR coefficients. A change in oil demand
in this period has a direct effect on the number of oil spill incidents in six periods
from now.
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Given the robustness of the transfer function model of oil spill accidents, a
forecast of future levels of spill incidents is undertaken. First, we obtain actual
levels of oil consumption to assess the forecast performance of the model. For
the three years for which actual data is available, the aggregated number of
actual (forecast) of oil spill accidents are as follows—1998: 8,315(8,248), 1999:
8,539(8,270), and for 2000: 8,354(8,382). These estimates show 0.8%, 3.2%,
and —0.34% divergence between actual and (forecast) levels for the three
years, respectively. The model thus seems to be adequate in predicting the
future levels of spill incidents. Second, the forecast of spill incidents to the year
2000 was based on a projected annual growth rate of 1.5% in oil consumption
[20]. The annualized growth rate is transformed into monthly rates to construct
the series from 2001 to 2005. The model is thus simulated assuming the growth
rate is constant.

The monthly forecasts for each year are aggregated and reported in the first
row of Table 2. To obtain the distributions by size, water body, location, and
source shown in Table 2, some simplifying assumptions are made. It is assumed
that the oil spill accident distribution across these categories will be, on the
average, similar to the pattern observed since 1990 following the passage of
OPA 90. It is also assumed that these average distributions will be constant until
2005. Using these average estimates, the aggregated forecast totals are distributed
as shown in Table 2. As these results show, the distributions of the forecast for
1998 to 2000 compared to their actual levels are reasonably similar. These results
show that no incident involving more than a million gallons of spill is expected
until 2005; not more than three incidents of a 100,000 gallons or more in any one
year are expected, and at most only 24 spill incidents in any one year will result
in more than 10,000 gallons spilled.

A major concern to the public and the private sector is the cost of cleanup after
an incident has occurred. To estimate the cleanup costs implication of the forecast
levels of incidents, an estimate of per gallon cleanup costs in previous accidents
is employed. In making these estimates, it is assumed that no major spill such
as the Exxon Valdez will occur. These costs are based on “typical” spill incidents
that have occurred in the past as reported in Financial Costs of Oil Spills in
the United States [3].

The average costs used are based on spills that have occurred in the various
characteristics and categories in Table 2 from the mid 1970s to the late 1990s.
However, caution must be exercised in using these estimates, as the cost of cleanup
varies widely between locations, type of oil spilled, time of the day, weather,
and a myriad of other uncontrollable factors. The results of applying these
estimates to the forecast levels of incidents are reported in Table 3. As shown,
cost of cleanup may be as high as $7 billion over this period or as low as
$155 million in 1997 dollars. These estimates do not include damage costs,
which can be very substantial depending on where the spill occurs and the amount
of oil involved.
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Table 3. Estimated Cleanup Costs of Oil Spills in U.S. Waters
(Million 1997 Dollars), 1998-2005

Cleanup cost

Year Low Medium High

1998 13.78 104.77 878.96
1999 13.82 105.05 881.31
2000 14.00 106.47 893.24
2001 14.21 108.01 906.14
2002 14.42 109.57 919.24
2003 14.62 111.11 932.14
2004 14.82 112.65 945.03
2005 15.02 114.18 957.93
Total 114.69 871.81 7,313.99

V. SUMMARY AND CONCLUSIONS

Oil spills accidents are a daily occurrence in the United States. The Exxon
Valdez oil spill off Alaska coast sparked the U.S. Congress to enact the Oil
Pollution Act of 1990 (OPA 90), which aims at reducing the occurrence of
accidents as well as assigning responsibilities for clean-up costs and remediation.
Previous studies on oil spills in the United States have focused on ex-post analyses
and prediction of individual spill events and their potential consequences. As
with the case with most accidents, it is very difficult to predict an oil spill event.
However, with adequate data, this study has demonstrated that it is possible
to generate a reasonable estimate of the aggregate number of future levels of
oil spill incidents. An empirical model of the relationship between oil con-
sumption and oil spill was developed using the familiar ARIMA framework.
In particular, a transfer function model of oil spills incidents using oil consump-
tion as input was utilized.

The results show that between 1998 and 2005 the number of oil spill incidents
will vary between 8,248 and 8,989. Only a few (at most 24) incidents in any
one-year during this period will involve more than 10,000 gallons of oil being
spilled. The estimated total average cleanup cost may be as low as $115 million
and as high as $7 billion in 1997 dollars by 2005.

This study shows that future spill incidents are not expected to increase
dramatically over the next five years. This may be interpreted to mean that OPA 90
and other regulatory efforts at the state level are beginning to pay dividends.
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Nonetheless, those concerned with the environment and the public in general must
be aware that even at the forecast levels of spill incidents, substantial cleanup
costs and damage to the environment is still a permanent feature of oil pollution

in

10.

11.

12.

13.

14.

15.

U.S. waters.

REFERENCES

. D. S. Etkin, Analysis of Oil Spill Trends in the United States and Worldwide,
Proceedings of the 2001 International Oil Spill Conference: Response Issues,
pp. 1292-1300, 2001.

V. M. Grau and T. Groves, The Oil Spill Process: The Effects of Coast Guard
Monitoring on Spills. Environmental and Resource Economics, 10:4, pp. 315-339,
1997.

. D. S. Etkin, Financial Costs of Oil Spills in the United States, Oil Spills Intelligence
Report, Cutter Information Corp., Arlington, Massachusetts, 1998.

N. H. Psaraftis, G. G. Tharakan, and A. Ceder, Optimal Response to Oil Spills:
The Strategic Decision Case, Operations Research, 34:2, pp. 203-217, 1986.

G. Rainey, The Risk of Oil Spills from the Transportation of Petroleum in the Gulf
of Mexico, proceedings of the 11th Annual Gulf of Mexico Transfer Meeting, U.S.
Department of the Interior, Mineral Management Service, New Orleans, Louisiana,
1990.

Mineral Management Service (MMS), Oil-Spill Risk Analysis: Destine Dome
Development and Production Plan, OCS Report, MMS 98-0037, U.S. Department of
the Interior, MMS, Environmental Division, New Orleans, Louisiana, 1998.

B. Onyekpe, Response-Predictive Model of Oil Spills in Aquatic Environments,
Environmental Management and Health, 13:1, pp. 66-70, 2002.

R. T. Carson, R. C. Mitchell, W. M. Hanemann, R. J. Kopp, S. Presser, and P. A. Ruud,
Study of Lost Passive Use Values Resulting from the Exxon Valdez Oil Spill, report
submitted to the Attorney General of the State of Alaska, Anchorage, Alaska, 1992.
R. W. Dumford and W. H. Desvousges, Oil Spill Liability: Recent Legal and Environ-
mental Developments, paper presented at the Association of Environmental and
Resource Economists, New Orleans, Louisiana, 1992.

R. C. Mitchell, On Designing Constructed Markets in Valuation Surveys, Environ-
mental and Resource Economics, 22:1/2, pp. 297-321, 2002.

M. A. Cohen, Optimal Enforcement Strategy to Prevent Oil Spills: An Application of a
Principal-Agent Model with ‘Moral-Hazard,” Journal of Law and Economics, 30, pp.
23-51, 1987.

E. E. Anderson and W. K. Talley, The Oil Spill Size of Tanker and Barge Accidents:
Determinants and Policy Implications, Land Economics, 71:2, pp. 216-228, 1995.

M. Viladrich-Grau and G. Theodore, The Oil Spills Process: The Effect of Coast Guard
Monitoring on Oil Spills, Environmental and Resource Economics, 10:4, pp. 315-339,
December 1997.

J. M. Weber and R. E. Crew, Jr., Deterrence Theory and Marine Oil Spills: Do Coast
Guard Civil Penalties Deter Pollution? Journal of Environmental Management, 58:3,
pp. 161-168, 2000.

G. E. Box and G. Jenkins, Time-Series Analysis, Forecasting and Control, Holden
Day, San Francisco, 1970.



OIL SPILL ACCIDENTS / 89

16. L. Liu, Dynamic Relationship Analysis of US Gasoline and Crude Oil Prices, Journal
of Forecasting, 10, pp. 521-547, 1991.

17. W. Enders, T. Sandler, and G. Parise, An Econometric Analysis of the Impact of
Terrorism on Tourism, Kyklos, 45:4, pp. 531-554, 1992.

18. F. J. Trivez, A Short-Term Forecasting Model for Sectoral Regional Employment,
Annals of Regional Science, 33, pp. 69-91, 1999.

19. T. M. Fullerton, Jr. and R. Tinajero, Short-Run Price Dynamics in Mexico, Journal
of Business and Economic Studies, 7:2, pp. 1-82, 2001.

20. Energy Information Administration (EIA), U.S. Department of Energy, Petroleum
Supply Monthly, Washington, D.C., 2002.

Direct reprint requests to:

Williams O. Olatubi
Center for Energy Studies

1 E. Fraternity Circle Drive
Louisiana State University
Baton Rouge, LA 70803
e-mail: wolatub@lsu.edu




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 1.8)
  /CalRGBProfile (Apple RGB)
  /CalCMYKProfile (Photoshop 4 Default CMYK)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


