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ABSTRACT

The mogt likely, or reference, forecast of the number of operating offshore Structures on the Gulf
of Mexico shows a decline of about 29 percent over the period 1999 to 2023. The decline will
occur because the number of platforms being removed is predicted to increase sSgnificantly
above current levels, while the number of platforms being inddled is predicted to increase only
dightly above current levels. As a consequence of this pattern, and the larger sze of the
plaforms beng inddled, ovedl activity in removing and inddling plaforms increases
ggnificantly, despite the decline in the number of operating platforms during the forecast period.

The modd results on which this forecast was based explain nearly 80 percent of the variation in
the higtoricd vaues of the principd dependent varigble—new offshore structures— and track very
closdy the higoricd trend of plaform ingdlaions. The forecass were made by usng
econometric modeling techniques on historical data from1947 through 1996.

Alternative forecasts made by changing the vaues of the forecasting variables did not result in
magor differences from the reference forecast. Even spreading the range of the vaues used in the
forecasting equations by adding two standard errors to forecasting variables did not reverse the
trends in the reference forecast. Adding or subtracting two standard errors to the cumulative sze
of new oil and gas field developed in the Gulf and to the Energy Information Agency’s forecast
of ail prices resulted in forecasts in which the decline in operating platforms in high forecast was
dill more than 20 percent, as compared to 29 percent in the reference forecast. The decline in the
corresponding low forecast was about 35 percent.

A cooperative project with MMS to extend the analysis to water depth and location has been
approved and is underway under the LSU-MMS Coastdl Marine Ingtitute program.
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EXECUTIVE SUMMARY

The forecasts in this report predict the number of new offshore Sructures to be ingalled,
removed, and operated on the Gulf of Mexico OCS over the next twenty-five years-1999 b
2023. The forecasts were made by usng econometric modeling techniques on historical deta
from1947 through 1996. The historica record and predicted path (under the reference forecast)
of the number of platforms operating in the Gulf over the 1947 to 2023 time period are illustrated
inFigure E.1.

The principa trends and implications of the reference forecast are;

. A decline in the number of operating offshore structures from 3,687 to 2,612: a decline of
about 29 percent over the 1999 to 2023 period.

. An annud average rate for ingalation of new platforms of not quite 142 per year: a totd
of 3,543 platforms ingtalled over the 25-year period.

. Remova of old platforms a an annud rate of about 186 per year: a totd of 4,645
structures removed over the period.

The modd results on which this forecast were based explain nearly 80 percent of the variation in
the higoricd vaues of the principa dependent variable—new offshore sructures-and tracks very
closdly the higoricd trend in plaiform indalations. Alternative forecasts, based on changing the
vaues of the forecagting varidbles, did not result in mgor changes in the trends in the reference
forecast.

. Using the high ail price forecast, rather than the base oil price forecadt, in the forecasting
modd resulted in a 2.3 percent increase in the number of platforms operaing in the year
2023 compared to the number in the reference forecast. The percentage decline in
operating platforms over the 1999 to 2023 period decreased from 29 percent to 27
percent. In EIA’slow price case, the decline in platforms deepened to a 31 percent drop.

. If the forecasting varidble reflecting the cumulative sze of new ol and gas fidds is
increased by two standard errors, the number of platforms operating in he year 2023 is
forecast to increase by 16 platforms, an increase of only 0.6 percent.

. Spreading the range of the values used for both the cumulative size of new oil and gas
fidds discovered and for the Energy Information Administration’s forecast of oil prices
had a larger but ill modest impact. The high forecast (based on both oil prices and the
cumulative sze of new fieds increased by two standard errors) predicted the number of
operding platforms would decline by dightly more than 20 percent, as compared to 29
percent in the reference forecast. The decline in the corresponding low forecast was about
35 percent.
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FigureE.1. Platforms operating on the Gulf of Mexico OCS.

A numerica forecast of offshore structures is relevant and useful for various purposes. For
example, an important aspect of offshore platforms in the Gulf of Mexico is that they provide
habitat for highly vaued reef fish such as snappers and groupers. Such habitat is scarce in the
Gulf. Offshore platforms have incressed the total amount of resf habitat available by as much as
10 to 25 percent, depending on the definition and edtimate of natura reef habitat, and have
become important destinations for recreationd fishermen and party boats. A forecast of the
number of platforms operating over the next twenty-five years will be useful to those responsble
for planning, managing, and presarving fish habitat and fish docks through artificid reefs and
other management programs.

The internd content and mechanics of the forecat dso are important. For example, the
economies of coastd aeas adjacent to offshore petroleum producing aress are affected in
important ways by offshore oil or gas devedlopment. In the reference forecast the decline in the
number of operating platforms takes place because the number of platforms removed each year
increases Sgnificantly above higoricd levels The annua number of platforms ingdled, on the
other hand, increases as well, but very dowly.

Since many of the platforms ingdtaled are expected to be larger platforms located in deeper water
further from shore while more of the platforms forecast to be removed are smdler platforms
locaed in shdlower waers expenditures on inddling and operaing new plaforms and
pipdines (s wel a on removing old plaforms) will dwarf expenditures lost as smdler
platforms cease operating. Thus, the net effect on the economies of adjacent coastal areas may be
quite postive despite the overal decline in the number of platforms operating. In contrad, if the
same decline in the operding platforms as in the reference forecast were to come about largely
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because of a decline in the number of platforms indaled, with a more modest decline redive to
the reference forecast in the number of platforms removed, such a decline would likdy have a
very sgnificant negative effect on adjacent coastd aress.

The report dso reviewed the history of offshore development as a background and context for
the forecast. The principd findings and generdizations from thisreview are;

Since 1942, 5561 platforms or sructures have been ingdled on the OCS subject to
federd jurisdiction.

As of 1997, 1645 of these dructures had been removed leaving 3,916 operating
platforms on the federal OCS.

About 50 percent of the operating plaforms are classfied as “non-mgor” sructures—
defined as having fewer than sx wells and no more than two pieces of equipment. The
other 50 percent are classified as “mgor structures.”

About 68 percent of the dructures that have been removed were non-mgor structures,
and about 86 percent of the structures that have been removed were located in less than
400 feet of water.

Conversaly, proportionately more larger platforms, located in deeper water, have been
ingtalled as time has passed.

The number of operating structures has grown geedily dnce the initid ingdlations in the
1940s because the number of ingtallations has been greater than the number of removals.

The growth of the number of operating platforms has dowed in the 1990s as yields from
fields have declined and the platforms ingtaled in the 1960s and 1970s to produce them
have become uneconomic to operate and have been removed.

The average age of operating platforms has steadily increased; in 1997 it was about 18
years for mgjor structures and 16 years for norn-major structures.

The average age of platforms that have been removed was 14.5 years for mgor structures
and 15.8 years for non-major structures.

Many extend factors ae involved in the decison to ingdl a platform, but the
determining factor is the expected productivity and profitability of the fied the platform
is intended to produce. When production fals below profitable levels, the platform will
be shut down and removed.

When new fidds are discovered, new sructures will be inddled if expected revenues
exceed expected costs sufficiently to compensate the operator for the risk, uncertainty,
and opportunity cost of capitd inherent in the ingdlation decison. Factors that increase
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expected revenues or decrease uncertainty and risk will accderate inddlations, factors
having the opposite effects will decrease ingdlations.

The decison to remove a plaiform is more tightly congtrained. Economic and cash flow
condderations may influence the timing of decisons a the margin, but regulations
require structures to be removed within one year after production on the lease has
stopped. Structures may be removed before that time if economic or technica factors so
dictate, and operators may ask that remova be postponed, but the range of manegerid
discretion is much narrower than it is for ingdlations.



1. INTRODUCTION

There have been about 5,600 offshore structures installed and operated by oil and gas companies
in the United States® Most of them are located h the Gulf of Mexico off the coasts of Louisiana
and Texas, with smdl clusers dso off Alabama, Alaska, Cdiforniay and Missssppi. The
dructures range in sze from single-wdl caissons in shdlow water to huge, complex structures
located in very deep water that would dwarf the tdlest existing skyscrapers were they to be
located on dry land. These varied Structures are usudly lumped together as “offshore platforms’
or, even less descriptively, cdled “oail rigs” but they a the extreme they are as different as
lawvnmowers and jet airplanes.

The naion’s sock of offshore platforms is one of the primary components of its economic and
physca capitd. Condructing, operating, and removing platforms interacts with the economies
and ecologies of adjacent coastd aeas in important ways (podtively as wdl as negativey).
Although firms operating in the Gulf of Mexico conduct detalled enginesring and economic
planning sudies to schedule plaform inddlations and removas on ther leases little anadyss
has focused on how the entire collection of offshore platforms is likdy to change over time and
what variables or influences are responsible for those changes.

The objectives of this sudy are asfollows:

. Fird, to make a forecast of the number of offshore platforms that will be removed,
ingtdled, and operated in the Gulf over the next two decades, and

. Second, to discuss the principa determinants and characteristics of the forecast as well as
some of the uncertainties and implications of this forecast for the indudries and
individuas that use the Gulf’'s resources and the agencies that are responsible for their

management and regulation.

The econometric framework developed in this study assumes tha as more new fidds are
discovered and developed, the incentives to ingtal new offshore structures should aso incresse,
but, a a decreasing rate. Bearing in mind the relaively long lead time required to design, permit,
and ingdl an offshore plaform, however, it is likey that the strengthened incertives may not
result in a plaform beng fully ingdled and operating during the given year. Other factors such
as changes in economic conditions and expectations or cod-reducing- improvements in
technologies will dso affect the number of platforms and the rae that firms wish to ingal them.
As economic conditions and expectations become more favorable and stable, the incentives to
ingdl new offshore dructures will srengthen. Smilaly, as technologies for finding and
producing petroleum improve, the need for additiona offshore structures may change.

1 The definition of platform” varies. A major source of offshore data, for example, does not include single

pipe caissons or well protectors while the Minerals Management Service does include such structures in their data.
We will rely on MM S data definitions unless noted otherwise.

5



Technologicad change is often divided into two broad categories 1) evolutionary technologica
change— the dteady refinement of techniques and equipment, and 2) revolutionary technologica
change— the sudden, sharp change brought about by completdly new techniques and equipment.
The firgt is dways present to some degree as firms and their employees gain experience, but the
second is by definition difficult if not impossble to predict and incorporate into long-term
forecasts.

Does this limit the rdevance of our forecast? Would the movement of drilling and production
platforms into the “deep gulf” have occurred without the development of 3D seismic, directiond
drilling and the development of deep water technologies? Are these technologies “revolutionary”
or are they “evolutionary.” Does a forecast based on higtorica data implicitly give too little
weight to these “new” technologies?

Doug Bohi (1997), in a caeful condgderation of the role of sources of innovation and
productivity improvement in petroleum exploration and development, provides a judification for
tresting the emergence of these technologies as “evolutionary.” Bohi writes:

It would be a migake to underestimate the extent to which endogenous influences were
respongble for the development of these technologies. None of them suddenly appeared
in the lagt ten years in readily usable commercid form. In fact, dl three technologies are
better described as groups of complementary technologes that support a central concept.
Thus, for example, high-speed computers were the essential breakthrough necessary to
implement the concept of 3D, but this event by itsdf was not sufficient for success.
Computers had to be told how to process the data, and methods had to be developed for
understanding what the processed data meant (Bohi. 1997, p. 101).

Bohi dso explains tha, dthough these technologies have greatly reduced finding and production
costs for petroleum in the Gulf of Mexico, their impact in regions of the world where finding
costs are dready very low, such as the Middle East, or where transportation costs dominate, such
asin the savera countries of the former Soviet Union, will be smdl.

This report has five sections. An introduction, a second section presenting some historical trends,
a third section explaining the modding framework adopted in this report, a fourth section
describing the hypothesized modd equations and presenting the estimated modd results, and a
fina section summarizing findings, implications and concdlusions.



2. THE NUMBER OF OFFSHORE PLATFORMSON THE GULF OCS

2.1 Installations

Since the first offshore structure was located in the OCS Gulf in 1942, 5561 fixed structures”
had been inddled as of December 31, 1997. Over the same time period about 1,645 platforms
had been removed leaving about 3,916 fixed dructures that are currently operating.
Approximately 77 percent of platforms were ingdled in water depth of less than 150 feet. In
aggregate snce 1942, 53 percent of fixed offshore sructures ingtdled on the OCS were non
magor offshore structures. Thus, 47 percent of dl OCS dructures ingtdled since 1942 are mgjor
oil and gas drilling and production plaforms. The number of plaforms ingdled annudly on the
OCS averaged about 101 between 1942 and 1997.

Data on the number of fixed offshore sructures ingdled in the Gulf of Mexico OCS region are
presented in Table 2.1 both by water depth and type of structure. Structures are classfied as
ether mgor or non-mgor. Structures with at least Sx completions and two pieces of production
equipment are mgjor structures; al others are classified as norn-mgjor.

Table2.1

Number of Offshore Structuresinstalled by Water Depth and Type: Gulf OCS
as of December 31, 1997

Depth Ranges Maor Structures Non-Mgjor Structures All Structures
0-20 103 512 615
21-50 523 1,427 1,950
51-100 698 774 1,472
101-150 393 176 569
151-200 311 107 418
201-300 338 48 386
301-400 86 7 93
401-500 22 0 22
501-900 18 2 20
> 900 14 2 16
Tota 2,506 3,055 5,561

2 There are an additional 272 structures in the MMS data file. However, these are not included in the

analysis because no installation date is indicated for these structures.
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Figure 2.1 shows the number of platforms ingdled on the Gulf of Mexico OCS during the 1942
to 1997 period.®> Only a wesk, positive, patern of growth is observable, especidly if the price
gpike in the early 1980s is not consdered to be a part of the longer-teem trend and the initid
ramp-up in the 1950s is omitted. The initiaion of area-wide leasing in 1983 is another factor that
gopears to have influenced the trend in ingdlations.
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Figure 2.1. Fixed offshore structuresinstalled on the OCS, 1947-1997.

2.2 Removals

Standard indugtry practice is to remove plaforms a the end of the economic life of the fidd in
which they are located. Their remova thus, to a large extent, depends directly on the duration of
oil and gas production from the lease on which they are located. Although other factors may
come into play, usudly it is less expendve to remove severd or dl the platforms in a fidd a the
same time raher than to remove each when its own production fdls beow minimum leves of
profitability. Thus platforms normdly will not be removed before production from the lease on
which they are located comes to an end.

Further, since earlier remova is not required by existing regulaions, companies may choose to
postpone removas smply because doing so may reduce the discounted (or present vaue) future
cost of doing so bdow the current cost of remova. Other reasons for early remova or

3 Although the first platform on the OCS was installed in 1942, consecutive time-series data on platform

installations began in 1947.



postponing remova include damage to the platform, services performed for other platforms such
as pumping or processing, or planning or conddering work overs or drilling a a new depth.

According to available data on platform removals, the first offshore structure was removed from
the Gulf of Mexico OCS in 1973. To date (through 1997), 1,645 structures have been removed at
an annuad average rate of 65 removas. Figure 2.2 shows totd platforms removed per year and
the cumulative number of plaforms removed in the Gulf of Mexico OCS region from 1973
through 1997. An unusudly high number of offshore Structures were removed in 1993 because
of damage caused by Hurricane Andrew.

Figure 2.3 shows the average age of platforms removed by type of sructure. As of year end
1997, the average age of al removed offshore structures was 14 years. When mgor and non-
magor platforms are measured separately, the average age at removal for mgor sructures is 14.5
and 15.8 for non-mgjor structures.

Although accidents, ssorm damage, and unforseen geologica problems may cause platforms to
be removed early, the discrepancy between the assumed and actud life of platforms is probably
explained by the end of economic production from the fied rather than by design or engineering
factors unique to each platform.

Table 2.2 shows the average depth of the water surrounding offshore structures removed in the
U.S. Gulf of Mexico OCS region as of 1997. The bulk of platforms removed (90 percent) was
removed in water depth of less than 150 feet. In addition, nearly 70 percent of platforms removed
as of 1997 are non-mgjor offshore structures.
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Figure 2.2. Fixed offshore structuresremoved on the OCS, 1973-1997.
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Figure 2.3. Average age of fixed offshore structuresremoved on the OCS, 1973-1997.
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Table2.2

Water Depth of Fixed Offshore Structures Removed on the Gulf of Mexico OCS

1973-1997
Depth Ranges Non-Mgjor Structures Major Structures All Sructures

0-20 240 25 265
21-50 513 124 637
51-100 274 174 448
101-150 52 87 139
151-200 29 66 95
201-300 4 40 44
301-400 1 15 16
401-500 0 0 0
501-900 0 0 0
> 900 0 1 1
Tota 1,113 532 1,645

2.3 Platformsin Operation

As of December 31, 1997, there were about 3,916 operationd offshore structures located in
waters regulated by the Minerds Management Service in the Gulf of Mexico. The number of
exiging offshore structures on the OCS is presented for the years 1947 through 1997 in Figure
2.4.

The totd number of platforms grew in every year except 1992, when Hurricane Andrew blew
through the heart of the Gulf of Mexico's producing area. Exiging platforms classfied by water
depth are shown in Table 2.3. Of these, 80 percent were located n water depths of less than 150
feet and less than 1 percent located in waters deeper than 400 feet.

The average age of exiging offshore sructures on the OCS in 1997 was approximately 16.8
years. Maor dructures on average were 17.8 years old, and non-magor structures were 15.9
years old. The productivity of plaforms in terms of production per platform is illugtrated in
Figure 2.5. Production per platform, expressed in barels of oil equivdent, pesked in the early
1970s and then, with the exception of the immediate podt-Arab oil exporters “embargo,”
declined regularly theresfter. The rate of decline levded off, however, in the mid-1980s as
seigmic advances, directiond drilling and other technological advances began to take hold. In the
1990s the dedline essentidly has stopped . As the large “degp Gulf” fields begin production in
the late 1990s, production per platform may increase.
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Figure 2.4. Existing offshore structures on the Gulf of Mexico OCS, 1947-1997.

200

100

Thousand BOE per Platform

0

1954 1957 1960 1963 1966 1969 1972 1975 1978 1981 1984 1987 1990 1993

Y ear

Figure 2.5. Production per operating platform on the OCS, 1954-1995.
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Table2.3

Water Depth of Fixed Offshore Structures Operating on the Gulf of Mexico OCS
as of December 31, 1997

Depth Ranges Non-Mgor Structures Major Structures All Structures
0-20 272 78 350
21-50 914 399 1,313
51-100 500 524 1,024

101-150 124 306 430
151-200 78 245 323
201-300 44 298 342
301-400 6 71 77
401-500 0 22 22
501-900 2 18 20
> 900 2 13 15
Tota 1,942 1,974 3,916

Figures 2.6 and 2.7 depict the trend in average age of mgor offshore structures and non-mgjor
gructures on the OCS. Both figures show a steady increase, but Figure 2.6 shows apparent
“leveling off” in the early 1980s followed by a resumption of the trend in the late 1980s and
ealy 1990s. A possble explandion is that improved exploration technology and fdling finding
costs have made smdler fields serviced by smaller platforms profitable to develop.

This inference is consgent with the platform age data, shown in Figure 2.8, showing that about
23 percent of non-mgor sructures on the Gulf OCS are five or fewer years old. At the other end
of the didribution, goproximately one-fourth of exising platforms on the OCS region are more
than 25 years old, and some platforms in both the mgor and non-mgor categories are 46 years or
older as depicted in Figures 2.8 and 2.9.
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Figure 2.6. Aver age age of fixed non-major offshore structures operating on the OCS.
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Figure 2.7. Average age of fixed major offshore structures operating on the OCS.
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2.4 Conclusonsand Implications

Since 1942, 5561 platforms or sructures had been ingaled on the OCS subject to
federd jurisdiction.

As of 1997, 1,645 of these dructures had been removed leaving 3,916 operating
platforms on the federal OCS.

About 50 percent of the operating platforms are classfied as “non-mgor” structures—
defined as having fewer than sx wels and no more than two pieces of equipment. The
other 50 percent are classified as “magjor structures.”

About 68 percent of the structures that have been removed were non-magor structures,
and about 86 percent of the structures that have been removed were located in less than
400 feet of water

Conversdly, proportionately more larger platforms, located in deeper water, have been
ingtaled astime has passed.

The number of operating Structures has grown deedily since the initid inddlaions in the
1940s because the number of ingtallations has been greater than the number of removals.

The growth of the number of operaing platforms has dowed in the 1990s as platforms
ingdled in the 1960s and 1970s have become uneconomic to operate and been removed.

The average age of operaing platforms was steadily increased and in 1997 was about
17.8 years for mgjor structures and 15.9 years for norn-mgjor structures.

The average age of platforms that have been removed was 14.5 years for mgor structures
and 15.8 for non-mgjor structures.

Many extend factors ae involved in the decison to ingdl a plaform. But the
determining factor is the expected productivity and profitability of the fidd the platform
is intended to produce from. When production fals below profitable levels the platform
will be shut down and removed unless other factors, such as loss of a pumping sation,
would increase cods sufficiently to negate the potential savings.

When new fidds are discovered, new dructures will be ingtdled if expected prices
exceed expected costs sufficiently to compensate the operator for the risk, uncertainty,
and opportunity cost of capitd inherent in the decison. Factors that increase expected
revenues or decrease uncertainty and risk will accderate inddlaions, factors having the
opposite effects will decrease ingdlations.
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The decison to remove a platform is more tightly congtrained. Economic and cash flow
consderations may influence decisons a the margin, but regulations require structures to
be removed by the end of one year after production on the lease has stopped. Structures
may be removed before tha time if economic or technicd factors so dictate, and

operators may ask that remova be postponed, but the range of managerid discretion is
much narrower than it isfor ingdlations.
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3. MODELING THE NUMBER OF OFFSHORE PLATFORMS ON THE OCS

To forecast the number of offshore structures to be operated on the Gulf of Mexico OCS over the
next two decades, we make use of the arithmetic identity that the stock of operating platforms on
the OCS in a given period can be edimated as cumulaive plaiforms inddled less cumulative
platforms removed.

Symboalicaly, the above definition trandates to an identity equation of the form:
OPP; = OPP.1 + INS; - REM; (3-1)

where:
OPP(t) isthe number of operated platformsintimet
INS(t) equals number of ingdled platformsin timet
REM(t) represents the number of platforms removed in timet.

The definition st forth in eguation (3-1) forms the bads for the modding approach to
forecagting the number of platform ingtalled, removed, and operated on the OCS in this report.

3.1 Model Specification

According to equation (3-1), the rumber of platforms operated in a given period depends on the
number of platforms removed and ingdled during the period, ceteris paribus. To use this
identity to forecast, we have to be able to modd and forecast those factors that explain platform
inddlations and plaiform removas. For the sske of smplicity it is assumed that a platform
ingadled in a given period on the OCS becomes operaiond during that period. Also assumed is
that the number of removed platforms in a given year is some function of the stock of operating
platforms at the end of the previous year as wdll as the age of the platform.

The number of platforms removed in year t can be expressed the sum of the proportion of
platformsingtdled in previous periods that were removed in the current period.

Symbolicaly we may represent this proposition as follows:
REM; = S(aj* |NS[_J') (3-2)

where:
o; represents the proportion of platforms removed in year t that wes inddled in year t-
suchthat O < o < 1 and | represents the age of removed platform.

Patforms are inddled for the purpose of developing and producing discovered oil and ges
reserves.  As firms explore for and discover new fidds they will ingtdl new platforms to produce
oil or gas from them, ceteris paribus. This rdationship would not be questioned by oil industry
veterans, but skeptics might argue that the two are merely associated with a third factor that the
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anaysts has missed, or, perhaps, that the associaion is in some strange way the reverse d tha
postulated, i.e, indaling platforms may cause new oil and gas fields to be found rather than the
reverse.

Fortunately, an econometrician has developed datistica tests of causdation, termed  “Granger
caudity,” to darify such stuations. Causality defines a condition of feedback or the presence of
a feedback of one variable to another, and by implication Granger non-causdity defines the
absence of such a feedback. In our case, our hypothesized relationship between the discovery of
new fidds and the installation of platforms passes the “ Granger causdlity” tests

However, because of short-run changes in the petroleum economy and political environment, and
perhgps other determinants such as dructurd changes in the industry, the number of planned
platforms or offshore dructures to be inddled in the Gulf of Mexico OCS region may not be
fully accomplished in a given period.

Thus, to include such factors, the functiond equation describing platform ingdlation behavior is
specified asfollows.

INS'; = bo + bilog (CFZ) + boCPR; + b3TEK, + b4D86 + e (3-3)

where:
Bi (i=0,1,2,3,4) are constant parameters to be estimated
INS'; = desired or planned number of instdlationsin period t.
CFZ ; = cumulativetotd field Sze a the beginning of period t
CPR: = theaverage current crude oil price on the Gulf OCS
TEK; = timetrend asaproxy for technica progress
D86 = dummy variable, such that, D86 = 1 for time period after 1986 and zero otherwise
€ = independent random error term

The dummy variable D86 is included to capture the effects of changes in expectations and
behavior of the oil and gas industry in the Gulf of Mexico OCS subsequent to the collgpse of the
world crude oil market in the summer of 1986.

The short run adjustment process can be measured using the following partia adjustment mode
specification:

INS - INSt1=1 (INS'¢ - INS.1) + W (3-4)

4 A pair-wise Granger causality test showed that cumulative field size measured in million barrels of oil

equivalent does seem to Granger-cause the number of platforms installed to vary as postulated at the 90 percent
significance or confidence level. Thetest also showed that, at nearly the 99 percent level of significance, the natural
logarithm of cumulative field size does Granger-cause the number of platforms installed to vary. Having failed to
reject the null hypothesis that the number of platforms does not Granger-cause either cumulative field size or the
logarithm of cumulative field size, it is very plausible that past values of the logarithm of cumulative field size
should be able to help predict future values of the number of platformsinstalled. See, Kennedy (1992)
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where:
A represents the rate of response of the change in indaled platforms to the difference
between the desired ingadlations and past vaue of indaled platforms such that 0 < A > 1,
and o = independent random error term.

Conceptualy, equation (3-4) measures the proportion of adjustment to the desired number of
platforms achieved within a year. The eror term » meesures the falure of the adjusment
process to accomplish the desired number of platforms.

Subdtituting equation (3-4) into equation (3-3) and Implifying the new equaion yidds an
equation describing the relationship between the number of platforms ingdled (or to be
indaled) and its determinants.

INS =1 bo+ 1 bilog (CFZ) +1 boCPR; + | b3TEK; + 1 bsD86 + (1- 1 )INS.1 +1ei+v¢ (3-5)
If ti=Ap;, then
INS = po+ pilog (CFZ) + p2CPR; + psTEK + p4D86 + psINS;.1 + g (3-6)

The independent or explanatory variables and their hypothesized reationships to the dependent
variable, INS, are defined asfollows:

log(CFZ)-The logarithm of cumulaive fidd Sze in million bards of ol equivaent
(MMBOE). Our hypothesis is that as the size of fidd increases on the OCS, the number
of inddled platform will increase a a decreasng rate. The coefficient 1 is expected to
be positive.

CPR—Current crude oil price on the Gulf of Mexico OCS. The hypothesized reationship
is tha the economic environment will tend to shift the long time rdationship between
indaled platforms and cumulative discovery outwards. This means that we expect a
positive coefficient for CPR, our measure of economic conditions.

TEK~This is a proxy for the impact of technology on plaform ingdlations The
expectation is that the more rapid technica progress has been over the past 10-15 years
the fewer the number of platforms that need to be ingdled to produce a given leve of
resrves. Less abdractly, as technologies such as horizonta and directiond drilling,
down-hole completion, etc., are developed, fewer platforms will be required to develop
new fiedsin deeper water.

D86-Dummy variables for changes in expectations and behavior snce the collgpse of the
world oil prices ae expected to affect negatively the shifting effect of prices on the
relationship between platforms and discovery sze.

The collgpse of world crude oil prices in 1986 brought with it severa organizationd and
indtitutional changes on the OCS induding a massve reduction in employment, an increase in
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the importance of independent operators, an increase in reliance on contract services, and the
adoption of less hierarchica decison-making as well as technologicd innovations (Bohi, 1997).
The likdy effect of these changes on platform ingalation on the OCS is examined by including
an interaction between the 1986 dummy variable and time trend such that the interactive dummy
equds 1 from 1986 forward and O otherwise.

Econometric models were dso edimated for platform removads, but in our view these did not
result in as credible forecagts as the datisticd technique used in our reference forecast. These
econometric forecasts predicted near equdity between ingtdlaions and removas and, thus little
change in the number of operating platforms. One reason for this may have been the much
shorter and more variable data series on removals compared with ingdlations. However in our
view these “ congtant- platform™ forecasts did not seem consistent with industry trends.

3.2 Egimated Platform Installation Equation

The Ordinary Least Square (OLS) estimation results for equation (3-6) are presented in Table
3.1°. Equation (3-6) is a linear-log modd. The genera expectation from our model specification
usng the linear log function is that the greater the sze of new fiedds, the larger the number of
platforms to be inddled, but the increase in plaform ingdlation occurs a a declining rate with
cumulative Sze of new fidd additions.

Ovedl, the modd results explan nealy 80 percent of the variation in the vaues of the
dependent variables. The point estimate of the coefficient of the lagged vaue of the dependent
vaiable is 0.463, meking the adjusment coefficient 0.537. Thus we expect that firms, on
average, achieve about 54 percent of their desred or planned number of platforms to be ingalled
within a given year according to our results.

The parameter edimate for the varidble representing the economic environment— the average
current price of OCS crude oil— is postive as expected. Therefore, we conclude that a favorable
economic environment, according to our modd, leads to a datidicdly sgnificant increese in the
number of inddled platforms. The short run price dadticity of plaform ingdlation on the OCS
is estimated as 0.25; and since the adjustment coefficient is 0.537, the long-run price dadticity of
platform inddlation by our modd estimate is gpproximatey 0.46. This means that a 10 percent
increase in the current average price of OCS crude oil will lead to about 4.6 percent increase in
the number of platforms ingaled over the long run compared to a short-run increase of about
2.5 percent.

5 The data used for estimating equation (3-6) are from the MMS Gulf of Mexico OCS region in New

Orleans. A Dickey-Fuller test for stationary was performed for INS, CFZ and log (CFZ) data series. The test
suggests that INS and CFZ are non-stationary but log (CFZ) is stationary. It must be noted that the number of
observations used for the test is relatively small. Having found that INS and CFZ are cointegrated according to our
Johansen cointegration test, we estimated a cointegration and error correction model of platform installation. The
results are not significantly different from those presented in Table 3.1.
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The results show that cumulative fidd dze is an important determinant of the number of
plaforms ingdled. As expected, the coefficient is pogtive and datidticdly sgnificant a the 99

percent significant level. However, the short run and long run dadticity of cumulative reserves is
on average sgnificantly less than unity.

The empiricd result is conggent with our expectation that since 1986, plaiform ingdlation did
decrease as a result of dtructurd changes in the industry, deep water drilling techniques and
completion technology. However, the point estimate of the interactive dummy included in the
regresson to capture the effects of technology and ingtitutiona changes, dthough negetive as
expected, is not datisticaly different from zero.

Figure 3.1 shows that the prediction using equation (3-6) presented in Table 3.1 tracks the actua
trend in platform ingalaion very closdy.
Table3.1

OL S Estimates of the Platform Installation Modd (t-statisticsin parenthesis)

Vaidde Codfficent
Intercepts -113.931
(-2.847)
Cumulative New
Fields (CFZ2) 16.618
(3.118)
Average Current
OCSQil Price (CPR) 2.089
(2.416)
Number of Platform
Instdled (INS.,) 0.457
(3.641)
Technical Progress -0.163
(Interactive Dummy) (-0.706)
Observations 49
Adjusted R? 0.791

Error of Regresson 27

23



250
, 2001 L Predicted . _ﬁ
£ MR -
o _
£ 1501 Actual /‘f - X_ Vas
D_ —
5 . — \_7 i
g 1001 \
£
Z
50 -
O T T T T T T T
1947 1952 1957 1962 1967 1972 1977 1982 1987 1992 1997

Y ear

Figure 3.1. Actual and predicted number of platformsinstalled.

3.3 Platform Removal Equation

The datigticd equation gpplied in this paper for predicting platform removas is a reduced form
of equation (3-2) reproduced below in an estimated form as equation (3-7):

REM¢ = 0.953INS:.33 + 0.351INS.21 (3-7)

Of the severd dternaive forms of eguation (3-2) that we examined, equation (3-7) yieds the
best statistical fit to the available historical data on removed platforms®

In order to modd the physcd redity in which only inddled platforms can be removed, we
selected a pecification with a suppressed intercept. Thus, when vaues for both independent

5 For every observation in the series (1947-1997), new variables were created. These variables represented

consecutive lags for the installed platforms. For example, lag_1 for 1948 contains platforms installed in 1947; lag_2
for 1950 contains platforms installed in 1948, and so forth. In certain cases, statistical software created missing
values. For example, lag_2 for 1948 is a missing value, because there were no platforms installed in 1946. All
missing values were substituted with zeroes. Then, a step-wise OLS regression were performed with the annual
number of removed platforms as a dependent variable and 40 lags (lag_1, lag_2,..., lag_40) of installed platforms as
independent variables. Out of the 40 independent variables, the step-wise regression procedure selected, based on
the resulting R square, ten best models. The first model included only one independent variable, the second model
included two independent variables, and so forth up to ten. The model with two explanatory variables provided a
much better fit than the model with just a single explanatory variable; however, a model with three explanatory
variables provided only a marginal improvement over the model with two explanatory variables. Therefore, the
model with thetwo lags—lag_32 and lag_21— was selected as the most parsimonious.
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vaiables are sat to zero, the vaue for the dependent variable is dso equd to zero. The find
rdationships estimated in the equation date that 95.3 percent and 35.1 percent of platforms
inddled in year (t-33) and (t-21), respectively, are removed in year t.

The above edimaed remova eguation is obtaned usng datisicd method that lacks the
conceptud foundation that the forecasting equation for platform ingdlations enjoys. But, the
mode explains more than 95 percent of the observed variaion in platform remova. Parameter
edimates of the independent varidbles are dso daidicadly ggnificant. However, the mean
absolute percent error and the root nean square percent error of the predicted values are a high
22 and 21 percent, respectively. Figure 3.2 plots the actua and predicted number of removed
platforms for the period 1947 - 1997.
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Figure 3.2. Actual and predicted number of platform removals.
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3.4 Predicting Operating Platforms

By usng eguations (3-6) and (3-7) in combination with the identity equation (3-1), predicted
vaues of operating plaiforms can be cdculated. Figure 3.3 shows a pictorid view of the
predicted number of operating platforms over the period for which we have data. The predicted
vaues tracked the actua vaues quite well, with the moving average percent error (MAPE) for
the period 1947-1997 being 7.75 percent while the root mean square is agpproximately 4.48
percent.
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Figure 3.3. Actual and predicted number of operating platforms.
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4. FORECASTING THE NUMBER OF OPERATING PLATFORMS

The mode results presented in Table 3.1 were used to generate annual forecasts of the number of
platforms indaled for the period 1999-2023. The vaues assumed for dl the parameters and
vaiadles used to forecast platform inddlations are reported in Table A.1 in Appendix A.
Equations (3-6) and (3-7) were subsequently applied to cdculae future removas and
inddlations, and the corresponding number of platforms operating annudly was estimated using
the identity equation (3-1). The forecasting results are presented in Tables 4.1 and 4.2, and
pictoria views of the forecasting results are presented in Figures 4.1-4.4.

4.1 Model Variables

Forecasting the number of platforms that will be inddled over the next 25 years requires a
prediction of the number and sze of the new fidds that these platforms are intended to develop
and produce.

411 Drilling and Discovery Models. The drilling sub-modd assumes that firms are risk
neutrd. Therefore, they amply maximize profits adjusted to reflect the vaue of money over
time. Prices of oil and gas ae exogenoudy determined in internationd markets. Frms engaged
in exploration and production activities wish to maximize the expected vaue of a drilling plan.
This vaue is the expected profit to be redized from successful wels over their producing life. A
successful wdl by definition is one tha finds hydrocarbons in commercid quantities. Prices,
cods, and the regulatory environment are uncertain, however, so that a plan made in one period
may not make economic sense in succeeding periods. In the face of this uncertainty, it is
appropriate to consider each period's drilling plan separately.

Thus the firm's objective is to maximize the discounted profits of drilling wellsin period t:
Max [PROFIT(t)] = [NOP* SUCC(WILDT)*SIZE(WILDT)*WELLS] (4-1)

where:
NOP = the net operating profit (wellhead price less taxes, roydty payments, and
operating costs);
SUCC = the probability that a wel will be successful and is a dedining function of the
total number of wildcat wells drilled in the Gulf of Mexico OCS to dete;
WILDT = tota number of wild cat wells drilled in the Gulf of Mexico OCS;
SIZE = the expected Sze of new discoveries resulting from drilling undertaken in the
period and & a declining function of the totd number of wildcat wells drilled in the Gulf
of Mexico OCS to date;
WELLS = the number of new wildcat wells drilled in the period.

Reflecting the nature of the exploratory process, the probability of success and the expected size
of new discoveries ae dedining functions of the totd number of wildcat wdls drilled in a
region. In addition, the expected sze of new discoveries i.e, the volume of recoverable
hydrocarbons in aformation, is pogtively related to the probability of discovery. This echosthe
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familiar precept that the largest fidds in a region tend to be found fird, with smdler fidds
discovered later (Arps and Roberts, 1958, and Attanas and Haynes, 1983).

Maximizing eguation (4-1) with respect to WELL S yidds adrilling plan:
WELLS* = fn(NOP, SUCC, SIZE, NTLL) = fn(NOP, NTLL, WILDT) (4-2)

where:
WELLS* = optima number of new wild cat wells drilled,
NTLL = number of tracts leased in the previous period.

This is cdled the drilling modd and can be made operationd by recursively predicting the next
period's drilling activity from the previous period's cumulative wild cat wells drilled, discovery
sze, and discovery probability, i.e., the success rae from the previous period's drilling. Firms
operating in the Gulf of Mexico are not entirdy free to drill anywhere, however, so the number
of tracts leased in the previous period is aso included in the modd. This is dso assumed to be
exogenousin each lease sdle.

Following Arps and Roberts (1958), it is assumed that for any given sze dass of fidd, the
probability of fiedd discovery is directly proportiond to the number of undiscovered fidds
remaning in that dass in the region and to the ratio of the average surface area of fidds in that
class to the overdl area of the region. Attanas and Haynes (1983) achieved good predictive
results for esimating the number of undiscovered fidds remaning in a sSze cdass by usng the
following andytica form as an estimating equation for fieds (the discovery model):

Fi(WILDT) = Fi()(1-EXP(-(Ci.Ai. WELLS)/B)) (4-3)

where:
FH(WILDT) = the cumulative number of fidds in Sze dass i expected to have been
discovered after drilling WILDT exploratory wells,
Fi(e~) = the ultimate (unknown) number of fiddsin Sze dassi;
B =the area of the region;
A =the average area of thefidldsin sze dlassi;
Ci = aparameter representing the efficiency of discovery of fiddsin sze classi;
F(~) and Ci are parameters to be estimated using observations on the other variables.

There is a factor that complicates the implementation of equation (4-3). Generdly, only those
fiedds large enough to be economicdly vigble are reported. Smdler fidds may have been found
but not reported, hence they would not be included in the data used to estimate equation (4-3).
Attanas and Haynes referred to this problem as economic truncation and noted that it could
cause biased edimates of Fi(~) and Ci for those Sze classes in which economic truncetion
occurs.

The work of Drew, et d. (1982) is useful in addressing this problem. Based on observations of

highly developed regions, they proposed that fidld Szes are didributed log-normdly. They

determined the largest sze cdass which exhibits economic truncation as the class for which
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discovery rates did not dgnificantly decline with time in the dudy region. They use as the
edimae of F(~) for that dze class the esimated ultimate number d fidds of the next larger Sze
class, Fi(e), multiplied by 1.65 (Drew, et d., 1982, pp. 17-22).

For sze classes that exhibit economic truncation, it is only necessary to esimate the efficiency of
discovery Ci dfter cdceulaing Fi(~) usng the economic truncation factor. Drew, e a. used a
factor of 1.65 based on observations of Sze classes that do not exhibit economic truncation; a
different factor could be used, of course, according to the region being studied. We used the
same factor, since Drew, e d. caculated this factor based on a sudy of the Western Gulf of
Mexico and because it is dightly lower than the caculated factor for the data in this study (1.72)
and therefore alittle more conservative.

4.1.2 Drilling and Discovery Results: The discovery mode can be used in conjunction with the
drilling mode to recursively generate drilling and discovery forecasts. To illugtrate, usng 1996

data on the number and size of new discoveries and the number of wildcat wells drilled, an

average Sze of discovery and a success rate can be calculated. These values can be used as SIZE
and SUCC, respectively, in the drilling modd to estimate the number of wildcat wells drilled in
1997. The forecast number of wildcat wells drilled can then be used in the discovery mode to
caculate new valuesfor F(WILDT). This process can be carried out to estimate future drilling
activity and discoveries under any number of scenarios by varying the future net operating profit
assumption and assumptions about the number of tracts leased each year.

The results of edtimating the drilling model are reported in Table 4.1. This second-order auto-
corrdaion modd shows that drilling activity is podtivedy and dgnificantly related to dl four
explanatory variables (al variables have been lagged one yesar).

The results of estimating the discovery model are reported in Table 4.2. It gppears, based on the
work of Drew et da. that economic truncation begins & sSze class 11. Therefore, Satidtica
edimation of the ultimate number of fields and discovery efficiencies was carried out for Sze
classes 18 through 12 only. For the remaining sSize classes, the number of fidds was estimated
using the economic truncation factor outlined above.
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Table4.1

Drilling M odel Results ( t- statisticin parenthesis)

Vaiadle Codfficient
Intercept -14.473
(-0.74)
Size (SIZE) 0.3342
(1.830)
Success Rate (SUCC) 236.80
(3.940)
Number of Tracts
Leased (NTL) 0.0812
(6.920)
Net Operating Profit (NOP) 4.7866
(5.740)
Observations 49
AlIC 213.470
SBC 221.419
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Table4.2

Discovery Model Results

Known Estimated
Class Sze Range (MMBOE) Felds Totd C, (95% ClI)
Upper Lower

18 7772 388.6 9 9 1.97 (0.1- 6.4)
17 388.6 194.3 31 35 2.00(0.3-3.7)
16 194.3 97.2 75 80 1.00 (0.6 - 1.4)
15 97.2 48.6 84 118 1.00 (0.6 - 1.4)
14 48.6 24.3 117 169 1.00 (0.6 - 1.4)
13 24.3 12.14 143 213 1.00 (0.5 - 1.5)
12 12.14 6.07 121 188 1.00(0.1- 2.2
11* 6.07 3.04 127 200 1.00**

10 3.04 1.52 96 329 1.00

9 1.52 0.76 44 544 1.00

8 0.76 0.38 33 897 1.00

7 0.38 0.19 19 1480 1.00

* Truncation begins at Class 11
** |ower bound
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4.2 Forecasting Model Variables

4.2.1 New Fields: Forecasting results for the base case, assuming that NOP is constant and that
the number of tracts leased is congtant, are reported in Table 4.3. The results are consstent with
a priori expectations that the average sze of new discoveries will decline as drilling proceeds.
The success rates may seem somewhat low, but this is a result of usng data from 1970 to 1993.
Higher success raes are a rdatively recent phenomenon, thus are not heavily weighted in the
data’ The drilling and discovery sub-models yidd estimates of new fields rather than our
objective, new platforms.

422 Welhead Price: The U.S. Depatment of Energy’s Energy Informaion Administration
(EIA) forecasts wdlhead prices for crude oil in the lower 48 daes under three scenarios
reference, high, and low prices (Annua Energy Outlook,1997, p 57). Based on EIA’s forecasts
of a declining (but postive) growth rate for both oil prices and economic growth (AEO, 1997, p
76), the reference price growth rates we caculated for the periods 2000-2005, 2006-2010, and
2011-2023 are 1.34%, 0.69%, and 0.55%, respectively.

To capture he uncertainties in the ail prices 0 as to examine the price impact on the number of
operating platforms correspondingly, we used EIA’s projection of high and low prices to
cdculate the high and low boundaries of expected prices. This is done in a smilar manner to the
method used to cdculate the variations for new fidd sze, i.e, take the standard error of the EIA
low price forecast and subtract two standard errors from the low forecast and add two standard
errors to the high price forecast.

4.3 Operating Platform Forecasts and Analysis

4.3.1 The Reference Case Forecast: The reference forecast, or the forecast that in our view is
the most likdly, is summarized in Table 4.4.

During the forecast period the forecast cals for new platforms to be instaled a an annud rate of
about 142 platforms per year. Over the 25-year period, 3,543 platforms would be ingtdled.
Figure 4.1 illustrates the ingtallation forecast and compares it to the historical record.

The number of plaforms forecast to be removed is illustrated in Figure 4.2. A tota of 4,645
platforms are forecast to be removed, which is an gpproximate annua rate of about 186 over the
forecast period.

The number of platforms forecast to be operating in each year is shown in Figure 4.3. Operating
platforms are predicted to decrease in number from 3,687 in 1999 to 2,612 in the year 2023. This
isadecline of 1,075 or about 29 percent.

" The consequences of higher success rates are discussed in the following section.
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Table4.3

Base Case For ecasts of Wildcats, New Figelds, Field Size, and Success Rate

Year Wildcat New Fdd Success
Widls Fidds Sze Rate
1998 110 18 24.5 0.16
1999 114 14 154 0.11
2000 101 14 13.1 0.14
2001 104 12 16.9 0.12
2002 100 12 21.0 0.12
2003 103 13 34.8 0.13
2004 109 14 12.4 0.13
2005 102 11 17.6 0.11
2006 99 12 14.2 0.10
2007 101 10 15.2 0.10
2008 96 11 21.7 0.11
2009 102 11 14.6 0.11
2010 98 10 14.8 0.10
2011 96 10 38.4 0.10
2012 105 11 13.9 0.11
2013 97 8 9.3 0.08
2014 90 10 14.8 0.11
2015 98 7 5.4 0.07
2016 86 9 16.2 0.10
2017 97 9 8.8 0.09
2018 92 9 16.4 0.10
2019 96 8 49 0.08
2020 89 9 16.2 0.10
2021 97 8 9.3 0.08
2022 20 6 1.8 0.07
2023 84 9 32.3 0.11
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Table4.4

Refer ence Case For ecasts of the Number of Platformsto belnstalled, Removed, and
Operated on the Gulf of Mexico OCS, 1999 - 2023

Year Ratforms Raforms Ratforms
Operating Instdled Removed
1999 3,687 137 165
2000 3,642 138 183
2001 3,623 138 158
2002 3,605 139 157
2003 3,566 140 178
2004 3,550 140 157
2005 3,498 141 193
2006 3,475 141 165
2007 3,529 142 87
2008 3,534 142 136
2009 3,510 142 166
2010 3,475 142 177
2011 3,402 142 215
2012 3,342 143 203
2013 3,292 143 192
2014 3,233 143 202
2015 3,130 143 246
2016 3,064 143 208
2017 2,957 143 251
2018 2,855 143 245
2019 2,849 143 149
2020 2,834 143 158
2021 2,772 144 206
2022 2,682 144 234
2023 2,612 144 214




Number of Platfor ms

Number of Removals

250
200 T
LT 1 Y L
100 T Predicted Number of
I nstallations (1998-2023)
Actual Number of
50 - Installations (1973-1997)
0 T T T T T T T T T T
1973 1978 1983 1988 1993 1998 2003 2008 2013 2018 2023
Year
Figure4.1. Actual and predicted platform installations.
300
250 1 a '“I
iy
Fua o
Il g » ll
AL
200 7 1 v . !
] I - -
<l Y
‘l". ..'l. ' lI .l : a
Nt L vV F a1
L Y & 1 Y |
150 T Actual Number of ) v
Removals (1968 - 1997) '
]
¥
100 - w
[
Predicted Number of
Removals (1998 - 2023)
50 1
0 T T T T T T T T T T T

1968 1973 1978 1983 1988 1993 1998 2003 2008 2013 2018 2023
Y ear
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Figure 4.3. Platforms operating on the Gulf of Mexico OCS.

4.3.2 Sensitivity of the Forecast to Changes in Independent Variable Table 4.5 compares
four forecasts using differences in the number of operaing platforms in the year 2023 rddive to
1999 vadues and the reference forecast as measures. Tables giving year by year data for each
forecast for the number of operating platforms, the number of plaforms ingdled, and the
number of platforms removed are shown in Appendix A.

The number of platforms operating in the high/low ail price forecast and the highlow new fidds
forecast is not very different from the vaues given in the reference forecast. This may seem
somewhat surprising given the “impact” of low oil prices asserted by the oil and gas industry
when prices decline. But offshore platforms are investments with a typicd productive life of 10
to 20 or more years.

The decison to invest in a platform is not made based on the current price but on a range of
expected future prices. Higher prices increase the return from the investment, but in the Gulf
mogt platform invesment decisons are undertaken with the expectation that the owners will at
least recover ther initid invesment even a prices bdow $10/BOE Patform inddlations may
be postponed in low price periods because cash flow has dowed or stopped, externd capita is
too expensve, or other investments promise better returns, but most offshore platforms will
continue to operate as long as returns exceed variable cost.
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Table4.5

Summary of Differences Among Reference and Alter native For ecasts 1999-2023

FORECAST ASSUMPTIONS
Reference EIA High & High New EIA & New
Low Prices Fdd* Fdd Plus*
Platformsin 2023--High 18.91 16.15 15.96 15.76
Percent > Reference 2023 19.48 16.72 16.39 16.05
2023 as percent of 1999 20.38 17.62 17.05 16.51
Plaformsin 2023--Low 21.12 18.36 17.64 16.92
Percent > Reference 2023 21.55 18.80 17.99 17.16
2023 as Percent of 1999 21.70 18.94 18.09 17.22

Source: See Appendix A. *High New Field is New Field plus 2 Std. Errors. **EIA and New Field Plus is EIA high
price plus 2 Std. Errors and New field plus 2 std. errors. Note: Std. Errors are deviationsin EIA and Field forecasts.

Conversdly, high prices ae unlikely to result in a mgor accderation in inddlations of plaforms
Over the past thirty years operators have repeatedly seen high prices erode as low cost producers
increase production from dreedy developed fidds. Similarly, they have seen codts of indaling
platforms rise as day raes for drilling platforms and ships are bid up. They have learned to
expect prices to ncrease and decrease over a cycle and are unlikely to make mgor changes in
investment plans because of short-term price fluctuations.

As Table 4.5 shows, subgtituting the high new fidd discovery series for the reference forecast of
new fields would increase the number of operating platforms in the year 2023 by 66 and reduce
the decline in the number of operating platforms over the 2000 to 2023 time period from 28
percent in the reference forecast to a little less than 26 percent. The low forecast of new fidds
would decrease the number of platforms operating by 48 and increase the percentage drop over
the time period to 29.5 percent.

Usng EIA’s high or low forecasts of oil prices, rather than its reference forecast, results in
gmilar, margind changes in the platform forecast. Comparing in the year 1999 and the year
2023, the high EIA price forecast would increase the number of platforms operating in 2023 by
60 plaforms over the reference forecast. The low price forecast would predict 91 fewer
operating platforms. The decline in operating platforms would be about 26 percent in EIA’s high
price scenario and about 30 percent in low price case—compared to a decline of 28 percent in the
reference case. Figure 4.4 shows the effects of adding two standard errors to EIA’s oil price
forecadts. Figure 4.5 illustrates the effects of the change on the platform forecast.
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The third dternative case summarized in Table 4.4 is one in which both the oil price forecasts
and the new field forecast are increased by two standard errors in the high cases and decreased
by two standard errors in the low cases. In smpler terms, this means the price forecast was
increased enough that datidticians would be confident that ninety-five percent of the time the
actud price would be below (in the high price case) or above (in the low price case) the
corresponding EIA price.

Under these assumptions, the number of operating platforms in the year 2023 is about 12.5
percent higher than the reference forecast and about 10 percent lower in the low price case. The
decline in the number of operating platforms over the 2000 to 2020 period is dightly less than 20
percent in the high price case and 35 percent in the low price case compared to the 28 percent
drop in the reference forecadt.

Figure 4.6 compares the effects of the change to the reference forecast. The year-by-year
forecasts for each of the dternaives summarized in Table 4.4—giving plaforms inddled,
operating, and removed—are in Appendix A. Also included in the gppendix is a table giving the
oil prices assumed in the reference and dternaive forecasts.
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5. SUMMARY AND CONCLUSIONS

The total number of oil and gas plaiforms located in the federa or OCS part of the U.S. Gulf of
Mexico is forecast to begin a dow but steady decline over the first quarter of the next century.
The plateau of about 3,600 structures that was reached and maintained during the 1990s is a
peak, according to the forecast, and the drop- off-period for the decline.

By the year 2023 the number of platforms in the Gulf is forecast to be roughly 2,600, a drop of
1,075 platforms for a total that will be about 29 percent below the current pesk. Alternative
forecasts made by changing the vaues of the forecasting variables did not result in mgor
differences from the reference forecast. Even spreading the range of the vadues used in the
forecasting equations by adding two standard errors to forecasting variables did not reverse the
trends in the reference forecast. Adding or subtracting two standard errors to the cumulative sze
of new oil and gas field developed in the Gulf and to the Energy Information Agency’s forecast
of ail prices resulted in forecadts in which the decline in operating platforms in high forecast was
dill more than 20 percent, as compared to 29 percent in the reference forecast. The decline in the
corresponding low forecast was about 35 percent.

According to the reference forecast— the following predictions can be made:

e The number of platforms operating in the Gulf will decline as the result of an increase in
the annud number of plaiforms removed over hisoricd levels while the number of new
plaforms ingaled each year will increase very dowly. This is the reverse of the historic
patern in which removas have usudly fdlen short of inddlations, producing an increase
in the number of operating platforms.

* The number of plaforms inddled annudly will increese from an edimaed 138 in the
year 2000 to 144 in the year 2023, which is not much different then the average over the
1990s. The number of plaiforms annudly removed from the Gulf OCS will move more
irregularly then inddlations, varying from a low of 87 in 2007 to a high of 246 in the
year 2015. These annud numbers are given only to indicate range—our methods and
objectives are desgned to forecast longer-term trends, not precise, yearly magnitudes or
changes. A principd reason for the variation is tha the remova forecast is driven by the
number of inddlaions in previous years. As the forecast encounters unusudly high or
low numbers of higoricd inddldions, the removd estimate changes accordingly. The
forecadts of ingtdlations and removals were made separately with different methods.

» Inddlatons were estimaed usng an econometric modd driven by estimates of the rate
of discovery of new petroleum fidds and the Sze of those fidds, technologicd trends in
petroleum exploration and production, prices for crude oil, and the shock of the oil price
collgpse in the mid-1980s. The edtimating equation had the "correct” dgns , i.e, was
consstent with our hypotheses and explaned about 79 percent of the variation in
plaform inddlations.
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o Patform removads were edimaed with a purdy daidica approach that measured the
association between the number of platforms removed and the number of platforms
ingdled in each previous year. Doing this interactively for each year's (1947 to 1997)
removals and al preceding year's inddlations endbled us to pick the number of years
(referred to as "lags') in which the number of ingdlations is most closdy associated with
the number of removads so many years in the future. The best modd from a forecasting
viewpoint predicted removas based on the number of platforms indaled, or lags of 32
and 21 years in the past. The esimating equation for platform removas explained about
95.2 percent of the variation in the historical data on removed platforms.

The reference forecadt, despite its hybrid ancestry, fits fairly wel with current industry trends
and opinion, dthough longer term forecadting is not a topic to which the industry has pad much
attention. Nevertheless, a common industry view is that as exploration and production move into
the deep (and deeper) Gulf, larger and more complex platforms will be ingdled. This when
coupled with advanced seismic imaging and directiond drilling, means that more wells can be
drilled from a sngle plaiform. On the other Sde, these same factors dso meke feasble the
production of smdler fidds in shdlow and intermediate depth waters with smaler, smpler and
frequently re-used platforms. Indeed, as discussed earlier, athough about 80 percent of the
agoproximately 1,500 platforms removed from the Gulf were non-mgor structures (maor
sructures having at least sx completed wells and two pieces production equipment) about 25
percent of the smaler, non-mgor Sructures were less than five years old. But the net result, in
our view, is tha shown in the reference forecas— a dow but steady decline in the number of
platforms operating in the federd OCS Gulf of Mexico.

A dow and seady decline in the number of platforms does not necessarily imply a decline in ail
and gas production or less economic activity related to the development of the offshore. Indeed,
production per platform has increased since the early 1990s. As more and more production
comes from the very large degp Gulf wells, we expect this trend to continue. Smilarly, with the
number of inddlations increesing, dbeit very dowly, and expenditures to ingtdl each platform
increasing as the proportion of larger platforms located in deeper waters grows coupled with a
dggnificant increase in the number of plaforms removed, economic activity associated with
offshore oil and gas exploration and production is likely to increase.
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APPENDIX A - FORECASTING VARIABLESAND MODEL RESULTS
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TableA.1
Estimated Values of Model Variables and Parameter sUsed to For ecast the Number of Platforms|nstalled
from 1998-2023

Year Wildcats New Hed Success Avg. Wdl
Wedls Felds Sze Rate Head Price
# (MMBOE)* (Dallars/Bhl)
1998 110 18 24.5 0.16 15.74
1999 114 14 154 0.12 15.96
2000 101 14 13.1 0.14 16.17
2001 104 12 16.9 0.12 16.38
2002 100 12 21.0 0.12 16.61
2003 103 13 34.8 0.13 16.83
2004 109 14 124 0.13 17.05
2005 102 11 17.6 0.11 17.28
2006 99 12 14.2 0.12 17.40
2007 101 10 15.2 0.10 17.52
2008 96 11 21.7 0.11 17.64
2009 102 11 14.6 0.11 17.77
2010 98 10 14.8 0.10 17.89
2011 96 10 384 0.10 17.99
2012 105 11 139 0.11 18.06
2013 97 8 9.3 0.08 18.19
2014 90 10 14.8 0.11 18.29
2015 98 7 54 0.07 18.39
2016 86 9 16.2 0.10 18.49
2017 97 9 8.8 0.09 18.59
2018 92 9 16.4 0.10 18.69
2019 96 8 4.9 0.08 18.80
2020 89 9 16.2 0.10 18.90
2021 97 8 9.3 0.08 19.00
2022 90 6 1.8 0.07 19.11
2023 84 9 32.3 0.11 19.22

* Million Barrels of Oil Equivalent
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TableA.2
Crude Oil Price Forecasts. EIA’sHigh, Low, and Reference Forecast; EIA’sHigh Plus Two Standard
Errars (High-Plus); and EIA’sLow Forecasts Minus Two Standard Errors(Low Minus) for the 1999- 2023

Period
Y ear
High Plus EIA High EIA Reference EIA Low Low Minus

1999 1891 16.15 15.96 15.76 1441
2000 19.19 1643 16.17 1591 1455
2001 1948 16.72 16.39 16.05 14.70
2002 19.77 17.02 16.61 16.20 14.85
2003 20.07 17.32 16.83 16.35 15.00
2004 20.38 17.62 17.05 1651 1515
2005 20.69 17.93 17.28 16.66 15.30
2006 20.83 18.07 17.40 16.75 15.39
2007 20.97 1821 1752 16.83 1548
2008 21.12 18.36 1764 16.92 1557
2009 21.26 1851 17.77 17.01 15.66
2010 2141 18.65 17.89 17.10 15.74
2011 2155 18.80 17.99 17.16 1581
2012 21.70 1894 18.09 17.22 15.87
2013 21.85 19.09 18.19 17.28 1593
2014 21.99 19.24 18.29 17.34 15.99
2015 2214 19.39 18.39 1741 16.05
2016 2229 1954 1849 1747 16.11
2017 2244 19.69 1859 1753 16.18
2018 22.60 19.84 18.69 17.59 16.24
2019 2275 19.99 18.80 17.66 16.30
2020 2290 2015 18.90 17.72 16.37
2021 23.06 20.30 19.01 17.78 1643
2022 2322 20.46 1911 17.85 16.49
2023 23.28 20.62 19.22 17.91 16.56

Note: Std. Errorsare deviationsin EIA forecasts.
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TableA3

Predicted Number of Platformsto be Installed, Removed, and Operated on the Gulf of Mexico OCS Under
ThreeU.S. DOE/EIA Price Projections*, 1999 - 2023

Y ear Operating Platforms Installations Removas
Casel Casell Caselll Casel Casell Caselll
1999 3,665 3,687 3.663 136 137 135 165
2000 3,620 3,642 3,616 138 138 136 183
2001 3,601 3,623 3,596 139 138 137 158
2002 3,585 3,605 3576 140 139 138 157
2003 3548 3566 3536 141 140 138 178
2004 3533 3550 3518 142 140 139 157
2005 3484 3,498 3464 143 141 139 193
2006 3,463 3475 3,439 144 141 139 165
2007 3520 3529 3490 144 142 139 87
2008 3528 3534 3,493 145 142 139 136
2009 3,508 3510 3,467 145 142 139 166
2010 3476 3475 3,430 145 142 140 177
2011 3406 3402 334 146 142 140 215
2012 3,349 3342 3,290 146 143 140 203
2013 3,303 3292 3,238 146 143 140 192
2014 3,248 3,233 3,175 147 143 140 202
2015 3149 3130 3.069 147 143 140 246
2016 3,088 3,064 3,000 147 143 140 208
2017 3,985 2,957 2,889 148 143 140 251
2018 2,887 2,855 2,784 148 143 140 245
2019 2,887 2,849 2774 148 143 140 149
2020 2877 2834 2,755 149 143 140 158
2021 2,821 2,772 2,689 149 144 140 206
2022 2,736 2,682 2,595 149 144 140 234
2023 2,672 2,612 2,521 150 144 140 214

* Casel: EIA high prices, Casell: Reference prices; Caselll: EIA low prices.
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TableA4
Predicted Number of Platformsto be Installed, Removed and Operated on the Gulf of Mexico OCSwith
EIA High Price Plus Two Standard Errorsand EIA Low Minus Two Standard Errors, 1999- 2023

Y ear Operated Platforms Installations Removals
Casel Casell Caselll Casel Casell Caselll
1999 3.679 3,687 3.656 144 137 131 165
2000 3,643 3,642 3,604 148 138 132 183
2001 3,635 3,623 3579 149 138 132 158
2002 3,629 3,605 354 151 139 133 157
2003 3.603 3566 3509 152 140 133 178
2004 3,598 3550 3,485 153 140 133 157
2005 3,559 3,498 3,426 154 141 134 193
2006 3549 3475 3,395 154 141 134 165
2007 3617 3529 3442 155 142 134 87
2008 3,635 3534 3439 155 142 134 136
2009 3,624 3510 3,407 155 142 134 166
2010 3,603 3475 3,364 156 142 134 177
2011 3544 3402 3283 156 142 134 215
2012 3,497 3342 3214 156 143 134 203
2013 3,461 3,292 3,156 157 143 134 192
2014 3,416 3,233 3,088 157 143 134 202
MR 2397 2120 207A 157 142 124 24R
2016 3,276 3,064 2,902 157 143 134 208
2017 3,183 2,957 2,784 158 143 134 251
2018 3,096 2,855 2,673 158 143 134 245
2019 3106 2,849 2,658 158 143 134 149
2020 3,106 2,834 2,634 159 143 134 158
2021 3,059 2,772 2,562 159 144 134 206
2022 2,985 2,682 2,462 159 144 134 234
2023 2,931 2,612 2,382 160 144 134 214

Note: Case I: EIA high prices plus two standard errors; Case Il: Reference prices; Case I11: EIA low prices minus
two standard errors.
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TableA5
Alternative Forecasts of High(Casel), Low (Caselll), and Reference (Case | l) Forecasts of New Field
Discoveriesand the Reference Price For ecast

Year Platforms To Be Operated Platforms To Be Installed Platforms
ToBe
Removed
Casel Casell Caselll Casel Casell Caselll
1999 3.690 3.687 3,680 136 137 135 165
2000 3644 3,642 3,634 137 138 137 183
2001 3,624 3,623 3,615 138 138 138 158
2002 3,607 3,605 3,598 139 139 139 157
2003 3,569 3,566 3559 140 140 140 178
2004 3,552 3550 3542 140 140 141 157
2005 3501 3,498 3,490 141 141 141 193
2006 3477 3475 3,467 141 141 141 165
2007 3532 3529 3521 142 142 142 87
2008 3,539 3534 3526 142 142 142 136
2009 3516 3510 3,502 143 142 142 166
2010 3,482 3475 3,467 143 142 142 177
2011 3410 3402 3393 143 142 142 215
2012 3,351 3342 3,332 143 143 142 203
2013 3,302 3292 3,282 143 143 142 192
2014 3,244 3,233 3,223 143 143 142 202
2015 3141 3130 3119 143 143 142 246
2016 3,076 3,064 3,053 143 143 143 208
2017 2,969 2,957 2,945 144 143 143 251
2018 2,868 2,855 2,843 144 143 143 245
2019 2,864 2,849 2837 144 143 143 149
2020 2,850 2,834 2,821 144 143 143 158
2021 2,788 2,772 2,759 144 144 143 206
2022 2,698 2,682 2,668 144 144 143 234
2023 2,628 2,612 2,598 144 144 143 214

Note: Case I: Reference new fields plus two standard errors; Case Il: Reference new fields; Case lll: Reference
new fields minus two standard errors.
Prices are kept at the reference case.
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TableA.6
Predicted Number of Platformsto be I nstalled, Removed, and Operated with Both Price and New Fields
Increased by Two Standard Errors(Casel) and Both Variables Decreased by Two Standard Errors (Case
[11) on the Gulf of Mexico OCS, 1999- 2023

Y ear Platforms To Be Operated Platforms To Be Installed Platforms
ToBe
Removed
Casel Casell Caselll Casel Casell Caselll
1999 3679 3,687 3,656 144 137 131 165
2000 3643 3,642 3,604 148 138 132 183
2001 3,635 3,623 3579 149 138 132 158
2002 3,629 3,605 3,554 151 139 132 157
2003 3603 3,566 3509 152 140 133 178
2004 3599 3,550 3,485 153 140 133 157
2005 3,560 3,498 3425 154 141 133 193
2006 3550 3475 33% 155 141 134 165
2007 3617 3529 3441 155 142 134 87
2008 3,636 3534 3438 155 142 134 136
2009 3,626 3,510 3,406 156 142 134 166
2010 3,605 3475 3,363 156 142 134 177
2011 3546 3402 3281 156 142 134 215
2012 3,49 3,342 3212 157 143 134 203
2013 3464 3,292 3,153 157 143 134 192
2014 3419 3,233 3,085 157 143 134 202
2015 3331 3130 2972 158 143 134 246
2016 3281 3,064 2,898 158 143 134 208
2017 3188 2,957 2,780 158 143 133 251
2018 3,101 2,855 2,668 159 143 133 245
2019 3111 2,849 2,653 159 143 133 149
2020 3112 2834 2,628 159 143 133 158
2021 3,066 2,772 2,556 160 144 133 206
2022 2,993 2,682 2,455 160 144 133 24
2023 2,939 2,612 2,374 160 144 133 214

Note: Case I: high prices and high new fields plus two standard errors, Case I1: Reference prices and reference
new fields; Caselll: low prices and low new fields minustwo standard errors.
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