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1. INTRODUCTION AND SUMMARY

This is the sixth and final working paper of a project to study
“Information Systems_to Provide Leading Indicators of Energy Sufficiency."
The purpose of this effort has been five-fold:

(1) To study and evaluate various types of energy indicators and their
‘potential use in the area of energy sufficiency, and to develop a
framework within which such a set of indicators might be developed.

(2) To study problems of data availability, data gathering, and data
transfer that may be encountered in constructing such a set of
indicators.

(3) To design the information management systems and modeling facilitfes
that are needed to support a continuing program of development and
maintenance of energy indicators.

(4) To demonstrate a sample implementation of selected indicators.

(5) To make recommendations for further development in this area by the
Federal Energy Administration (FEA).

The period over which this activity has been carried out has seen sig-
nificant changes in the focus and organization of those federal agencies
concerned with energy, and in the stated goals of national energy policy.
These changing circumstances have been reflected in the relative emphasis
given to these five objectives and the specifié directfon of the work effort.

This final working paper presents several aspects of the work carried
out over the projec; period:

Section 2 discusses the conceptual framework for energy indicators

and distinguishes between different types of indicators.

Section 3 presénts a sample implementation of a particular type of
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indicator (i.e., static or "snapshot" indicators) that was given
high priority in the latter half of the project.

Section 4 gives a brief discussion of more complex forms of indicators
(i.e., those of a dynamic-stochastic type), which were given a
low priority in this particular project, particularly in its latter
stages.

Section 5 summarizes the work on management information systems for
the design and implementation of energy indicators of all types
and addresses broader issues of the types of analytical and data
management systems the FEA will need.

Other topics covered in earlier working papers are not necessarily repeated
here, and therefore it is useful to summarize the history of the project and

the material covered in previous submissions.

1.1 Project History

The Energy Indicator project began on June 15, 1974, and though the
bulk of the activity has been carried out in Cambridge, the project has been
marked by frequent contact between project members and FEA personne].] Five
working papers have been submitted over the project period, each dealing with
a different aspect of the indicator issue, and a workshop presented to FEA

personnel.

]During the summer of 1974, two project members worked in the FEA Office
of Energy Data for a total of 104 man-days. During this period of residency
in Washington, D.C., the time of these individuals was split between tasks
associated directly with this project and other tasks assigned by officials
of the Office of Energy Data Policy. Over the course of the study, an
additional 23 man-days have been devoted to meetings in the Office of Energy
Data and elsewhere in FEA, for a total of 227 man-days or 6 man-months in
Washington itself. Project communication has been furthered by three visits
to M.I.T. by officials of the Office of Energy Data Policy.
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Working Paper No. 1: An Analysis of Basic Data Series [4]. The

petroleum data collected by FEA are described and then organized in terms
of a descriptive economic framework in order to investigate the ways various
data series may be used to produce information about alternative stages of
the fuel cycle and ré]ated economic processes; In addition, available data
series (as of August 1974) are cataloged in terms of reporter frequency.
This paper was part of a iohger-term effort within the FEA to catalog
and document the data series available internally. Clearly, where data col-
lection policies and procedures are changing rapidly, this is a difficult
task to maintain. But it is an important one nonetheless, particularly, for
any effort to take advantage of data series developed by FEA for purposes
of indicator construction.

Working Paper No. 2: Problems of Data Transfer and Management [5].

Addressing the current FEA information systems (as of August 1974) this paper
analyzes the key issues involved in the construction of an indicator infor-
mation system and formulates a set of thirteen questions about the character-

istics of each of the information systems in use within the FEA. More than 30

separate systems were identified at the time this paper was written. | The
answers to these questions would provide a means for discussing FEA infor-
mation éystems in a consistent fashion and thereby facilitate analysis of
the integration 6f systems. These data on existing information systems'also
would.have facilitated the transfer of data to a data base specifically de-
signed for preparation of energy indicators.

Unfortunate]y? much of the specific data on these internal sy#tems was
not readily available to the M.I.T. team, and therefore this analysis could
not be completed. It was decided that the FEA would carry on this task as
an internal matter, and it was agreed that M.I1.T. would not attempt to com-

plete the work laid out in this first working paper.



" To date, such a description of FEA internal data systems has not been
completed, perhaps due to the fact that the systems themselves are continuing
to evolve. At any rate, such an eva]uétion and common documentation would
be very useful to any group continuing with work on energy indicators, and
below we include the completion of this task among our recommendations.

Working Paper No. 3: Conceptual Framework for Energy Indicators fs].

Basic areas in which a set of energy indicators would be useful are outlined:
monitoring the energy sector, assessing vulnerability, and evaluating poli-
cies and programs. A hierarchy of indicators is introduced which stresses
that indicators develop logically out of data and models. The hierarchical
relations are illustrated in terms of increaéing complexity, with examples
given for "snapshot," dynamic and stochastic indicators. Section 2 below
summarizes many of the conceptual points made in this working paper.

Working Paper No. 4: Preliminary Results on Selected Sufficiency

Indicators [7]. Building upon concepts used in Working Paper No. 3, this

report explores issues of indicator design and interpretation. A model for
interrelating the basic components of energy sufficiency is introduced,

and the prospect for developing indicators with a clear "leading" charac-
ter is addressed and shown to be problematic. Then, starting at the simple
end of the hierarchy, a series of sample formulations are presented, and
preliminary results submitted for review and comment. |

Working Paper No. 5: "“Snapshot" Indicators of Energy Sufficiency [8].

During meetings in October and November 1974, the Office of Energy Data
Policy indicated that strong emphasis was to be put on simple, intuitive,

static of "snapshot" indicators, and that work on the more complex dynamic
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2, which require more complex analytical models,

and stochastic indicators
was to be de-emphasized. Working Paper No. 5 presents a first collection
of indicators of this type and discusses others that might be constructed.
Since the emphasis on simple, static indicators has continued through the
end of the project, tﬁe bulk of the indicators shown in Section 3 are exten-
sions and elaborations of ideas suggested in Working Paper No. 5.

In addition, Working Paper No. 5 also contains a discussion of issues
in the presentation of data and some'suggestions of possible improvements

in the manner in which certain data series are displayed in the FEA's

Monthly Energy Review. None of that earlier discussion is repeated in this

final working paper.

Workshop on Data Management and Modeling Systems. In January 1975 the

M.I1.T. group gave a presentation at FEA in Washington of the work on the
design of an information management and modeling facility to support a con-
tinuing program of development and maintenance of energy indicators. The
implications of this discussion are broader than this specific task of
indicators and have a relevance to a wide range of activities in the FEA.
The mechanisms needed to publish reports and perform data analyses for
leading indicators are essentially the same as those needed to maintain and
manipulate data for a wide range of policy analyses and studies within FEA.
The requirements to meet FEA needs for data base and modg]ing capability are
particularly trying due to the inherent problems associated with energy,
energy-data, and the broad and diversified implications of energy. For

example: System uses are not well-defined; the uses and requirements change;

2The distinction between "snapshot," dynamic and stochastic indicators
is elaborated in Section 2.
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different data series Become available; other data series become unavailable;
protection requirements are complex; different groups of users within FEA
have preferences regarding the modeling facilities they wish to use (e.g.,
TROLL, TSP, etc.); each facility runs under a different operating system.
None of the modeling facilities have gpod data base capabilities; there are
‘models that were and are being developed outside FEA that are running under
different operating systems that FEA personnel would like to use on their
system.

At this workshop the M.I.T. group presented a scheme and demonstrated
that it would allow many modeling facility to run on a single 370 computer.
The scheme advocated the use of VM/370 (Appendix D discusses this scheme).
The M.I.T. group also demonstrated an advanced data base system, TRANSACT.

. ¢
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1.2 Summary of Contributions

The accomplishments of this project include the following items:

Problems of developing indicators have been explored;

A.framework of indicators has been developed;

Some potentially good "snapshot" indicators have been developed;

FEA computational needs have been analyzed;

The use of VM technology for FEA needs has been explored;

Advanced data base systems and concepts have been elaborated
for possible FEA use;

Sample indicators have been constructed using advanced information
management systems.

" In this section we summarize two of the above accomplishments, sample "snap-
shot" indicators, exposure of VM technology for FEA needs.

1.2.1 Sample "Snapshot" Indicators

In Section 3 below a prototype set of indicators of the "snapshot" type
is presented. The sample of over thirty indicators presented there is not
meant to be a complete display of all the indicators that could be presented,
or even of the most interesting ones discussed in the course of this project;
indeed, as shown in Appendix B, there are data series in the data bank pre-
pared for this project that would allow construction of many more indicators
of various aspects of recent and current developments in the energy sector.

Of the set of indicators developed in Section 3, several seem particularly
good at conveying an impression of the some aspect of the energy economy and
are strong candidates for further refinement and eventual publication by the FEA.
First, there are two indicators of the condition of the domestic fuel sector
which deserve special attention. Figure 1.1 displays the oil aﬁd gas reserve-
production ratio for the period 1960 to 1974. It shows the decline in the

stock of reserves that stand behind current consumption levels in the United States;
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NAME :
DEFINITION:

INTERPRETATION:

UNITS |
FREQUENCY:
INPUTS:

FORMULA:
OUTPUT:

CONTACT:
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Crude 0il1 Reserve-Production Ratio

The ratic of proved crude oil reserves at end of year to
annual crude oil production.

If one assumes that no new crude oil reserves are found,
that crude production continues at a constant rate, and
all other factors (prices, technclogy, etc.) remain
unchanged, then this indicator shows how much time remains
before proved reserves are fully depleted.

Years
Annual

PET.RSVS--Proved reserves of crude oil (estimated as of
December 31 of any given year) are the estimated quantities
of all liquids statistically defined as crude oil, which
geological and engineering data demonstrate with reasonable
certainty to be recoverable in future years from known
reservoirs under existing economic and operating conditions.
Source: API, AGA, CPA,Bluebook.

PET. PROD--Crude oil1 production is the volume of liquids
statistically defined as crude oil, which is produced from

0il reservoirs during a year. The amount of such production

js generally established by measurement of volumes delivered
from leased storage tanks gi.e., tne point of custody transfer).
to pipelines, trucks, or other media for transport to
refineries or terminals. Source: API, AGA, CPA, Bluebook.

Proved Crude 0i1 Reserves _ PET.RSVS (bbl)
Crude 0il Production PET.PROD (bbl/year)

Vertical axis on graph is in years and horizontal in time.
Table of data is also given.

John Curtis, FEA, Office of Energy Data Policy, (202) 961-7986.

Figure 1.1a

Documentation for Indicator PET.RP
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Figure 1.1b

Numerical Data for Indicator PET.RP
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from approximately a sixteen-year §tock there has been a rapid decline in
this index to the present{ with the decline halted only temporarily by

the large Alaskan discovery which enters in 1970. At present, the domestic
petroleum system and natural gas system is operating at about an 11 to 1
reserve-production ratio, and given normal operating procedures and the
availability of imports, one can expect production to continue at about
this relationship in the future. So long as the ratio remains at this low
level and imports continue to be significant, one cannot expect that self-
sufficiency is near at hand.

Figures 1.1a and 1.1b show the types of documentation that is included
with each of these indicators in Section 3.

This circumstance is shown in another way by Figure 1.2 which compares the
proved petroleum reserves actually available in the United States year by
year with reserves that would be needed to sustain a specified level of
"self-sufficiency.” In this particular plot, self-sufficiency is defined as
meaning that a 10 to 1 reserve-production ratio is maintained in the_petroleum
sector while imports are held to no more than 15 per cent of total domestic
consumption of petroleum products. In that event,the reserves reqhired would
be as shown by the jagged line in the figure. The actual reserves are repre-
sented by the smooth line (which is simply the annual data for reserves
smoothed into a monthly representation). As the figure shows; the United
States came through the IatterApart of the 1960's in a condition of approxi-
mate self-sufficiency. But beginning around the turn of the decade, reserves
have fallen behind the level needed to sustain self-sufficiency in this fuel.
The gap between the two lines indicates the level of effort tpat would be
required--either in dampening demand or in‘increasing the reserve finding
rate--in order to close this gap in the available crude reserves and sustain

the defined level of petroleum consumption.
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Figure 1.3 presents a sample of the types of indicators that might be
accumulated to indicate developments in long-run consumption patterns. It
shows the weighted-average fuel coﬁsdmption of new vehicles sold in the
United States since January 1974. As can be seen in the figure, there
has been a response to rising fuel prices and a continuing concern with
energy problems in the United States. As a result of these phenomena, two
things are taking place: drivers are becoming more conscious about fuel
economy of vehicles they buy and are shifting their purchase patterns
toward lower gas-consuming models; and in response to this shift in demand
patterns, the aggregate fuel consumption of the mix of vehicles being placed
on the market is declining. Figure 1.3 is an example of the use of an indicator
to monitor the progress toward a specific policy goal, for one of our stated
national objectives is to reduce the consumption of new cars by 40% over the
next few years.

In indicating the short-run'domestic supply condition of the country,
and our likely exposure to disruption by an interruption in world oil supply,
the conventional stock-flow ratio proves very informative. Figure 1.4 shows
the ratio of the quantities of crude oil and petroleum products held in
primary stocks, expressed as a ratio of the current level of imports of crude
0il and petroleum products. The resulting index then represents the number of
days of imports that are held in primary stocks. As the figure shows, in the
late 1960's the United States held as much as 200 - 250 days of imports in

primary stocks, but in the early 1970's, due to rising import levels, the

amount of oil held in these stocks fell to between 100 and 150 days of imports.
To the extent this index rises or falls, it indicates an increase or decrease in

the degree of insurance that the country has against disruption of import flows.
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Another way of showing this same phenomenon is shown in Figures 1.5 and
1.6. Figure 1.5 indicates the number of da}s of imports held in primary stocks
as does Figure 1.4, but it also shows the number of days of insecure imports that
these stocks represent. Here for illustrative purposes, insecurity is defined
in two ways. First, stocks of crude oil and refined products are expressed in
their ratio to crude oil imports from the Persian Gulf Arab nations. As the
figure shows, U.S. primary stocks range between a thousand and three thousand
~ days of Arab imports. Of course, many of the imports from the Persian Guff
directly to the United States are in the form of crude oil, but this is not
the only oil coming to the United States from this point of origin; a good
“deal of the oil imported in the form of refined products from Carribean and
European refiners is in fact 0il from Arab Persian Gulf sources. The middle
line in Figure 1.5 indicates the number of days of imports that are represented
by the sum of Arab crude imports and product imports that may be from Arab sources.
Needless to say, the data in Figure 1.5 are very rough indicators of

vulnerability; a much more detailed level of analysis and more explicit modeling
procedure would be needed to take éccount of the types of changes that actually
take place in an embargo, and to gain a more accurate representation of the

true level of vulnerability that imports from insecure sources represent. [ut
these numﬁers do §ive a rough indication of the level of security we now have,
-and- the rising or falling of these indicators shows whether or not we are
becoming better or worse off as time goes by in this regard.

Figure 1.6 shows the same thing only in a different way. Instead of reflecting

imports in relation to stocks, it simply shows total import levels in relation

to total consumption of refined products in the United States, and indicates the
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fractions of total imports that are represented by sources of varying levels
of insecurity. Once again in Figure 1.6 one can clearly see the rising
dependence of the United States on imported petroleum and petroleum products,
and, to a lesser extent, a rising role of imports from sources that might be
considered insecure under the definition developed above for illustrative
purposes.

Tables 1.7 and 1.8 illustrate another type of indicator that can be con-
structed by manipulation of data available from the price series prepared'by
the U.S. Department of Commerce. These are indicators of the relative price
of certain energy products in the U.S. econbmy. Figure 1.7 shows the ratio of
the electricity consumer price index to the index for all consumer prices;
and as can be seen, electricity prices rise dramatically at around the first
of 1974 and have remained at a higher level since. Figure 1.8, on the other
hand, shows the experience with gasoline. Gasoline prices rose dramatically
starting in the third and fourth quarters of 1973, but they peaked out in
mid-1974 and have fallen significantly in recent months relative to the
prices of all consumer products. Many other indicators of this type could
be constructed, and various weighted indicators summing over several energy |
products should also prove informative.

Finally, Figure 1.9 shows a summary indicator of developments in the world
oi] market. The bottom line shows production from the OPEC countries. The top
line shows an estimate of net OPEC capacity. Note that, in the early months of
1974, the excess capacity was in the range of 10 percent, which seems reasonab]e'
given the long planning horizons for petroleum capacity and the need to have some
excess for purposes of adapting to short term fluctuations. Beginning in the
second quarter of 1974, an ever-widening gap has opened between the productive

capacity of the oil cartel and its ability to sell oil in the world market, and
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to some degree the magnitude of this gap is a rough indicator of the type
of pressure this cartel is under.

These nine indicators are only a sample of the types of indicators that
could be prepared. They are a first summary set which we would recommend
that the FEA consider developing further and ultimately publishing in some
form. Eventually, some subset of 10 to 15 summary indicators such as this
should become a regular feature of the FEA's publication program.

Lying behind the indicators shown here is a 1argér group of indicators

displayed in Section 3.
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1.2.2 Data and Modeling Facility

Our work in information systems (Section 5) has involved three key

aspects:

(1)

(2)

(3)

Attempting to show the importance of operating systems presently
available on the hardward the Agency is now purchasing, and showing
the flexibility of these operating systems (namely, how VM can be
used to allow many inéompatible modeling and data base systems

to work together).

Indicating a direction that management information systems are
likely to take in the near future, so that these developments can
be taken into account in the planning of the Office of Data.
Demonstrating a prototype system for producing energy indicators
using these new concepts,with the possibi]ity that the FEA may
want to consider adopting this system even in its current

experimental stage.

Exposure of VM Technology for FEA Uses. During the course of this

project, it has become clear that good analytical and data base capabilities

are needed if the FEA is to continue to make effective contributions to the

analysis of complex energy problems. Without good tools (modeling facili-

ties, data base facilities) the FEA analytical effort could be seriously

hampered.

Examples of the problems to come can be seen in the current special

needs within the Administration:

- Different groups both within and outside FEA support and have strong

preferences for different modeling facilities. Each of these

modeling facilities run under a different operating system.
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- The needs of the FEA computational facility are not well-defined and
are, in fact, changing. For example, the country has gone from con-
cerns about petroleum allocation, to possible problems with coal,
to economic impact problems, etc.

- The FEA needs quick and inexpensive ways of introducing new data
series and performing analyses on them.

- Energy data has complex data validation requirements.

- FEA personnel have neads for facilities to build complex models.

- There is a néed to inexpensively and quickly transfer existing energy
models (that have been and are being developed outside FEA) onto the
FEA's machine.

To accomplish these multiple tasks, we have concluded that an operating
system VM/370 is the best scheme for the Agency. Figure 1.10 depicts a con-
figuration of virtual machines as they might be utilized by FEA. Across
the top of the figure we depict three or more virtual machines, each of
which is running a modeling system under its own operating system, e.g.,
TSP, running under the operating system, MVT. A1l these modeling systems
have very poor data handling capabilities. Thus we advocate separating the
functions of data handling into a data base system. Among the currently
commercially available systems, we do not advocate any one particular
system. We do suggest that several of the modeling facilities be connected
to one data management system, as this connection offers a way of having
multiple users access the same data base.

Several different and perhaps incompatible data base systems could be

running on their own virtual machines as in Figure 1.10. The architecture of
VM could allow any modeling machine to access data stored in any data base

system. For FEA to have such a facility operational would require VM/370



User 1

O

K

i\

e

Modeling
facility

.g. TSP
under

MVT

\

Modeling or Analytical
Machine s

Data

Base

Machine

Data Base
System

e.g. IMS

Incompatible

~-.

~

data base management machines

Configuration of Virtual Machines

1-26

User 2

)

Modeling
facility
e.g. TROLL

under
CP/CMS

General
Data
Base

Machine

A N N

\/

Data Base
System

e.g. TOTAL

Figure 1.10

User 3

Modeling
facility
e.g. EPLAN
under VS2

~N

)

Data Base
System

e.g. OLIVER




1-27

and some very simple interface programs as outlined in Appendix C.
Not only would the VM solve the needs pfevious]y mentioned; it would
also have the following cost advantages: |
- no conversion cost in bringing up existing models as long as they
run on an IBM machine (independent of language or operating system).
- no retraining cost involved as programmers may use whatever system
they are familiar with. |
- little cost involved in implementing the simple interfaces.
The possible disadvantage is performance, which is reflected in additional
overhead costs. It is our intuitive feeling that the degradation costs are
more than compensated for by the increased effectiveness of FEA staff using
such a system. Below we recommend empirical study of this issue.

Exposure of Advanced Data Base Systems. We have developed and imple-

mented a very flexible data base system. This system is representative of
systems of the future, and FEA may want to keep abreast of this technology.
The major points of the system that should be noted are:

hierarchical implementation

hierarchical user view

security mechanisms

relational base model of data

flexibility and case of introducing new data series

ease of implementing interfaces to modeling facilities

mathematical soundness

1.3 Recommendations for Further Work

The FEA has on-going within it a rich series of studies involving data

collection and processing and modeling activities of various kinds, and out
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of these various mode]ing'projects there comes a wealth of data--indicators
if you’will--of the 1ikely developments in the energy economy in the months
of years ahead. These modeling results, in terms of our taxonomy of indi-
~ cators, are classified as producers of dynamic and/or stochastic indicators.
and should be considered part of any publishing program for information of
this type. "Snapshot" indicators, such as the ones produced as part of this
study, are an important part of any such program. Based on our experiences
in constructing the indicators shown here, and in Section 3, we would make
the following recommendations with regard to further development in this
area: |

(1) A selected subset of indicators such as the ones presented above

(a total of no more than 10-15) should be developed and published

in a special static indicator section of the Monthly Energy Review.

These summary indicators would pull together information which is
now scattered throughout the many series that are plotted and
printed in that document as it stands, and would help to give an

overall impression of the current status and trends in the energy
sector. )

(2) The inclusion in such a set of summary energy indicators of the
results of the various energy forecasting activities underway
within the FEA was outside the focus of our study, as noted above.
However, we would recommend that special attention be given to a
survey of the possibility of including model results, and the dy-
namic indicators that they represent, in any such new publication.

(3) Regarding the organization for preparing indicators for the Monthly

Energy Review, we would recommend that this activity be carried on

by a team of specialists within the staff of the FEA
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Office of Data Policy. This would involve the transfer of the
data base developed by this project to the FEA computer, the main-
tenance of this data base, and the addition of new series to it.
Given this facility--which could be constructed with either of
the management information systems used in this project (see
Section 5)--continuing analysis and refining of existing indica-
tors would take place, along with the design of new ones. High
priority items for further development are noted in Section 3.
Such an activity would require twé FEA staff to carry out:
There is a need for one person experienced with energy data and
with the use of these indicators, who has the analytical back-
ground and computer experience to construct simple models using
a computer-based information and modeling system. And there would
be a need for one data technician to maiﬁtain the data base itself.
A good deal of the data used in this study had to be copied from

the Monthly Energy Review, and either punched on cards or directly

entered into a computer via a terminal. It was not possible to
transfer data directly from FEA data banks to the data bank pre-
pared for this project, or to address FEA computer data series
directly. To some extent this was because information about those
data facilities was not available, and to some extent it was be-
cause the systems were not compatible with eaéh other. We recom-
mend that a high priority be given to the preparation of clear
documentation of the data management facilities now extant in the
FEA and to the coordination of these various data banks through

some common computer facility. Otherwise, all attempts to construct

indicators either from raw data or from model results would be
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hampered by the problem of gaining access to the information the
FEA already has.

On the issue of the type of computational facility to use to create
and maintain indicators, and on the even broader issue of the computational
facility that FEA should develope to make their personnel effective, we
recommend the following:

(5) Virtual Machine Consideration. The FEA is in the process of

choosing an operating and data management system. In Appendix C
we present a scheme using VM for analytical and Data Management
uses in a way that heretofore has not been exploited. The scheme
to using VM in this way and the advantages thereby derived'shouid
be weighed in FEA's present considerations of their applications.
Our recommendation is that FEA adopt VM. We see it as the pre-
ferable system to meet FEA's needs. To choose one operating
system and 1imit FEA to only those applications that run under
that system seems unnecessarily restrictive, especially in view
of the alternative that FEA could always run one operating system
under VM (at an overhead cost) and hence the VM choice is only an
improvement of the facility.

(6) Performance Study. We recommend that FEA initiate a study of the

performance and cost sequences of adopting VM for their uses.

(7) Use of the GMIS System. It is possible for FEA to use the GMIS

system in an experimental and limited fashion. We recommend that
some FEA personnel become users of GMIS to gain firsthand knowledge

of such facilities.



2. A FRAMEWORK FOR ENERGY INDICATORS

The use of indicators to record the course of the U.S. economy, and
to look ahead to future developments, began early in this century.
Wesley C. Mitche]i first organized the method into a consistent frame-
work [9 ], and over the years much has been added to his work by the
National Bureau of Economic Research (NBER) [10]; and by various federal
agencies, most notably the Office of Business Economics, the Census
Bureau, and the Bureau of Labor Statistics. In the energy sector, several
federal agencies have collected and published data series, the most important
work over the bast years being that of the Bureau of Mines (BOM) [14], and
with major responsibility now being taken up by the FEA. Several industrial
groups also have collected energy data, the most detailed being that of the
American Petroleum Institute (API) [1 ]. Though the energy data collected
by BOM, and API and others were not usually finalized into "indicators" of
the NBER type, many of the key aggregates have served this function in the
past.

| Clearly, of course, not all "useful data" is productively thought of
as an "indicator", else the concept would be so broad as to be meaningless.
Therefore, in this report we speak of an'“indicator" as involving both data
and some model or conceptual framework which is imposed on the data, either
explicitly or implicitly, in order to derive useful information from the data.
Thu§, the discussion to follow is based on the following definition:

An Indicator Set is a group of data series logically

related to one another and to the energy economy by a

model (or conceptual framework). "Indicator" may refer

to either an indicator set or a s1ng]e data series of
an indicator set.
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The conceptual framework or model associated with an indicator set may

take many forms, as will be seen in succeeding sections. In the simplest
case, the indicator may consist of a single series of raw data, interpreted

by a "model" which is unstated or only implicitly understood. In the most
advanced case a large number of data streams might be explicitly inter-
realted by a formal simulation model, with stated assumptions about the
confidence bounds of both model and data. The "output" of such an indicator
would be not only the model and raw data, but also projections from simulation
runs and various stat1st1ca1 analyses made possible by the explicit mathe-
matical model.

Most existing sets of indicators--in particular, those published by
the NBER [10]--fall somewhere in between the two extremes just mentioned.
For example, the NBER indicator set consists of several series of economic
aggregates, interrelated by a model that consists of both a formal part
and an informal part. The formal part of the model consists of a list of
attributes of the data series: whether each series is leading or lagging,
the "batting average" of each series, etc. The iﬁforma] part of the model
consists of an implicit understanding of the dynamjcs of the U.S. econohy
and how the data series are related to it.

Naturally, the confidence or accuracy of an indicator is a function of
the confidences associated with both the corresponding data and models. For
example, if a model is vague or poorly formulated, no degree of accuracy in
the data can guarantee accurate assessments or predictions. Similarly, even
the most sophisticated model will produce unreliable output if it is coupled

with poor data.
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2.1 Types of Indicators

Under the definition above, indicators naturally fall into a hierarchy
depending upon the degree of formalism and complexity associated with the
model that lies behind each indicator set. In general, the more sophisti-
cated and exp]iéit the model associated with an indicator set, the more the
data of the indicator set can be transformed into projections of the future,
and the more accurately the confidence of those projections can be assessed.

Table 2.1 outlines the hierarchy, with the simplest indicator sets at
the top of the table. The indicator sets are grouped into three broad
categories:

1) Snaéshot indicators are based on relatively unprocessed data.

The model interrelating the different data series with each
other and with the future is usually unstated. Snapshot in-
dicators, if they assume anything about the future, assume
constant flows. They may be presented as single numbers re-
presenting current values, or as series covering the past and
present, but usually without explicit projection into the
future. They are static in nature.

~ 2) Dynamic indicators assume a causal structure of interactions among
stocks and flows that project changes in both stocks and flows
into the future. The model of changing f1ows may be simple, as
in straight-line extrapolation of trends; or the model may be
complex, as in a computer-simulation model. The presentation of
data series associated with dynamic indicators may include graphs

of expécted future trends.
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Indicator Form Form of
Class of Model Indicators
Snapshot no model
list of attributes historical
! Data Series
5rojection of flows
as constants (e.g.,
stock/flow ratio
_J
Dynamic projection of flows ]
as trends
integration of arbi- r future
trary future flows projections added
;imulation models
Stochastic confidence

error and uncertainty

explicit modeling of:}

bounds added

Table 2.1

Hierarchy of Indicators
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3) Stochastic indicators contain explicit descriptions of the error
and uncertainty associated with both the data and the model under-
lying the indicator set. A simplifying assumption is less apt to
cause trouble if it is accompanied by an estimate of the error
likely to be caused by the simplification. Stochastic features
may be incorporated in either snapshot or dynamic models. To the
data series and the projected future trends are added uncertainty
bounds, which show thé numerical confidence of the indicator.

One subset of the general category of stochastic indicators is
event-pfobabi]ity indicators. Since one of the uses of an energy
indicator set is to assess vulnerability to exogenous events
(such as an oil embargo or coal strike), a natural extension of
the indicator concept involves indicators of the 1ikelihood of
such events occurring.

Under the guidelines for this project, a major effort has been devoted

to setting up the data and computer systems to demonstrate indicators in

the forst category -- i.e., "snapshot" indicators. This effort is discussed
in Section 3. (Section 4 presents the work performed on Dynamic and
Stochastic Indicators.)

" In the initial conception of this project, there was an emphasis on
"snapshot" indicators that would have a predictive or "leading" character in
the sense normally attributed to the NBER set for the national economy. In-
vegtiéation of this prospecf has led to the conclusion that it probably is
not possible to construct clear leading indicators of this type for the key
energy aggregatés. There are several reasons for this result. First, under

the trial of the past year, even the leading indicators of the U.S. economy
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as a whole have not lived up to their hoped-for performance. In the recent
downturn, the index of all leading indicators in fact lagged the key events
[ 3].] To the extent that key energy aggregates (particularly those con-
cerned with demand) are related to these larger economic processes, one
cannot expect similar indicators for the energy sub-sector to do any better
at predicting future events. Second, most of the important’ energy aggregates
are subject to many influences which may be very important, but which are
not taken into account in the construction of a simple "snapshot" indicator.
Therefore it is useful, when thinking of "snapshot indicators, to
consider separately the problems of status indication and forecasting.
There are many indicators which are of great value in describing the current
circumstance, and the path by which it was achieved. But multiple influences
and short-range impacfs abound throughout the energy economy, and few of
these indicators qualify as "leading" indicators, in the sense that they
reliably forecast movements in other statistics. Often variables at the
early stages of the processes of demand or supply (e.g., appliance sales or
exploratory wells drilled) may be thought of as "leading influences", which

forecast changes later in the chain, but only if they are not counteracted

by other influences. And thus static or "snapshot" indicators, in general,

can be expected to lead only when everything else remains constant (a rare
circumstance). Technological change; economic imbalances; changes in weather,
international relations, or government market regulation; and other unexpected

events méy counteract any single effect revealed by a leading indicator.

T A good discussion of these "snapshot" indicators and their limitations,
compared with methods based on more explicit models, is provided by
M.K. Evans [ 2], especially chapter 16.
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In short, for the problem of forecasting medium and short range movements
in the energy sector, we find that the number of indicators of the conven-
tional "snapshot" kind that have a strong "leading" characteristic is likely
to prove limited, and to require quite sophisticated interpretation (i.e.,

a complex implicit model in the mind of the ihterpreter). In effect, the
achievement of improvements in forecasting leads one to the formulation of
dynamic indicators (models) which take into account multiple effects from
both above and below the point of interest in the supply-demand chain, and
from competing fuels and products.

It should be emphasized that these cautionary notes regarding "snapshot"
indicators are directed to their use for prediction. The accurate inter-
-pretation of the current circumstance in the energy sector, and of recent
trends, remains a critically important function to be provided by "snapshot"
indicators. The key national income aggregates and indicators constructed
from them, become no less valuable because they do not predict the future.
The need for good indicators is particularly evident if one considers that,
while available energy data may be incomplete, it is at the same time too
voluminous. There are tradeoffs between completeness and complexity in
energy data and one of the roles of indicators is to help resolve the seeming
contradiction of having too much data, but not enough. A prime role of
indicators is to condense and simplify data, so that some idea of the
condition of the energy sector can be seen in a few clear graphs, without
painstaking analysis. '

For example, even a single data series may be difficult to interpret
without some notion of what it should be 1ike under normal suppiy-demand

conditions. In the construction of many of the indicators proposed below,
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the problem of interpretation is reduced by normalizing the data in various
ways so that the indicator will tend to remain roughly constant if the
energy system is functioning normally. Often this simple step helps make

it easier to tell at a glance whether a particular activity is going "well"
or "badly" orver a given time interval, which is the purpose of constructing
indicators in the first place.

The obvious problem created by such normalized indicators, of course,
is that information is lost as the separate data series are combined into
a'single indicator. For example, it a stock/flow ratio (such as the number
of days supply of fuel 0i1) declines, it could be due to a change in the
stock or a change in the flow, or a change in both. If one wants to find
out why the indicator is doing what it is doing, then detailed analysis
becomes necessary, and this may require not only the raw data which were
used to compute the indicator, but additional data as well. Thus, the in-
formation system which supplies the indicators should be prepared to supply
a great deal of back-up material.

The di]emma between indicators that are easy to interpret, and back-up
data that are complete, is best resolved in the obvious way: compute the
indicators, but also keep available and on reserve a reasonably complete set
of raw data for detailed analysis and research. This approach will be

followed in Section 3 below.

2.2 Categories of Energy Indicators

Figure 2.1 presents a framework which can be used to sturcture discussion
of various indicators of energy sector performance, and how they relate to
one another and to the overall issue of energy sufficiency. The left side

of the figure shows the processes of energy provision. Given the fact that
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energy supply in the United States is carried out primarily by private market
institutions, the first step is the profitability (or expectations about

the profitability) of investments in the energy sector, and resulting in-
vestment plans. Depending on plans and current expected return, investments
will be made in exploration for o0il and gas and other resources, which lead
to increased reserves available to the domestic economy. Expectation of a
return also leads to investment in hardware (such as coal mining equipment,
drilling rigs, and electric power plants) which ultimately lead to increases
in the production, processing, and transportation capacity of the energy
sector.

The capacity thus created is used to produce domestic energy, which is
supplemented by fuel imports (primarily oil) and decreased by exports
(primarily coal). The buffer between this production process and the pro-
cess of energy consumption is a set of fuel stocks at various points in
the supply chain.

The right side of the figure shows the processes that lead to energy
demand and consumption. Sales of energy-using appliances add to the stocks
of devices. Their level of utilization, which in turn is influenced by the
overall level of economic activity (and the availability of energy supply),
results in energy consumption in the economy.

The concept of short-range sufficiency of energy as shown in the figdre
involves the interrelation of consumption patterns and available domestic
production, augmeqted in the short run by fuel stocks. Long-range sufficiency
involves the interpaly of londer term developments in demand and the develop-
ment of reserves and the associated capacity to produce from them.

We have divided the various fndicators into the following six groups,

using Figure 2.1 as a framework.
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2.2.1 Long-Run Domestic Supply

This category covers indicators in the top left corner of Figure 2.1, .
and includes profitability, expectations, and plans in energy industries;
exploration and reserve additions, and the development of production, con-
version, transport, and refining facilities.

2.2.2 Long Run Consumption

The determinants of energy consumption in the long-run‘include the
available stocks of energy-using appliances, and the level of utilization
of these appliances, as shown in the top right corner of Figure 2.1.

2.2.3 Short-Run Domestic Supply Adequacy

While long-run domestic supply of energy depends on exploration and
investment in hardware, the sort-term supply must be drawn from existing
domestic capacity, from stocks of fue]s; or from world markets. Thus in
Figure 2.1, indicators in this category are concerned with production,
import, and exports, fuel stocks, and of course, current consumption. Most
indicators in this area are of two types: (1) indications of the vulnerability
of supply flows to disruption and the adequacy of stocks as a buffer, and
(2) indication of actual supply shortage or constraints that cause consumption
to be less than demand at current prices.

2.2.4 Prices

At each point in the diagram, relative prices are present implicitly.
They determine the amount and composition of domestic supply and demand, the
degree and direction of interfuel substitution, and the amount and composition
of energy imports.

2.2.5 International Market

Since it is unlikely we shall eliminate fuel imports in the near future,

it is important to have indicators of the condition of the international
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;market, and the penetration of foreign supplies into the U.S. market. This
point in the overall frame work of Figure 2.1 is noted "imports and exports.'

2.2.6 Environmental and Social Impacts

There are environmental and social impacts associated with all phases
of the energy network: supply, consumption and imports. Thus environmental
and/or social indicators may be appropriate af many points in the framework

of Figure 2.1.

«



3. SNAPSHOT INDICATORS

Among the many objectives of this project one of the more important
sets of goals has been to
1) study possible sets of "snapshot" indicators,
2) deQelop prototype information systems for managing data
and performing the needed analytical and graphical
functions to produce energy indicators, and
3) demonstrate a pro;otype subset of the possible indicators
using the information system chosen.
- In this section, we present the results of the effort to develop
snapshot indicators and information systems to support them. (The details

of the information management systems themselves are presented in Section 5.)

3.1 Survey of Potential Indicators

One step in the process of meeting the objective laid out above was

to pull together a complete 1ist of all areas where suggestions had been
made for the construction of indicators; this long 1list is presented
as Appendix A. This liét included items that spanned the range from excellent
to uninteresting in terms of value, and from easy to impossible in terms of
feasibility. It was reduced to a short-list by projeét personnel working
closely with a representative to the Office of Energy Data Policy. The
criteria by which items survived the cut were roughly the following:

1) Does it appear likely that the indicator or set of indicators can

be defined in a precise manner?
2) Does it appear to answer an interesting question or

.illuminate an interesting issue, Or is there an identifiable

client for this <nformation?



3) Is it likely that data for the indicator is readily available

or might be obtained?

As a result of this selection process, the following list was developed.

1. Long-Run Domestic Supply

* 1.1 Profitability of energy companies
1.2 Amount of electricity generated by nuclear sourées, and nameplate
capacity.
* 1.3 Drilling rigs in operation; well completions.
* 1.4 Capital expenditures in petroleum and coal industry.
1.5 Distribution of sources of electrical enerqgy, and projected
distribution of planned generating capacity.
1.6 Back orders of drilling rigs, movable platforms, and drag lines.
* 1.7 New discoveries of each fuel (especially oil and gas) and natural
gas wells drilled.
* 1.8 Drilling success rates, discoveries as a function of footage drilled
and finding rates, and reserves of each fuel, especially oil, coal
(by sulfur content), and gas.
1.9 Bottlenecks and construction lead times for new facilities
1.10 Availability (present units plus new units minus units replaced) of,

domestic capacity to produce, and net exports of the following eight

items:
drilling rigs
fixed drilling platforms
mobile drilling platforms
0il country tabular goods
steel products
steel pipe and tubing
walking draglines
steam turbine generators

.



* 1.11 Reserve/production ratio for crude oil and natural gas.
* 1.12 Corporate profits before taxes for industries in natural gas,
crude petroleum, petroleum refining, coal, and electric
utilities relative to all industries.
1.13 Revenues of utilities against expected revenues, given rate
increases, consumption expectations and ability of utilities
to raise funds on capital markets.
1.14 Energy investment as a percent of total business fixed investment
and cumulative dollar investment for expansion of transportation

network by 1985 in o0il, gas, and coal industries.

2. Long-Run Consumption

2.1 Total energy consumed (BTU's per GNP dollar, current and constant
dollars) and energy consumed, deleting energy used for heating.
2.2 Airline passenger load factors (BTU's/pass.mile).
* 2.3 Gasoline consumption of new autos sold (miles/gallon, monthly,
sales-weighted-efficiency).
2.4 Natural gas curtailments
2.5 Rates of growth of consumption of different fuels (and categories
| like industrial, residential, commercial, transportation...)
* 2.6 Percentage share of energy consumption by all fuels
2.7 Percentage of total energy consumed as electricity
2.8 Average number of commuters per automobile
2.9 Home insulation consumption ($ sales and units sold)
2.10 Number of electric utility plants switched from oil & gas to coal
2.11 Number of current & new residential & commercial heating systems;

by type of fuel used.
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3. Short-Run Domestic Supply Adequacy

* 3.1 Days of supply remaining of petroleum, refined products, and coal.
* 3.2 Total domestic production of crude oil, refined products, and

natural gas.

4. Price
* 4.1 Price of energy per BTU for all fuels (current & constant dollars).
4.2 Average national BTU price (current & constant dollars)
4.3 Transportation cost of coal (absolute and percent of total cost)
4.4 MWorld price of energy per BTU for all fuels (current and constant
dollars).

* 4.5 Consumer and wholesale price indices for all fuels and electricity.

5. International Market

* 5.1 Excess production capacity among OPEC nations. e
5.2 International production and consumption for all fuels,

* 5.3 Total imports of crude petroleum and petroleum products

6. Environmental and Social Impacts

6.1 Envirommental quality index for selected areas of the U.S.

6.2 For fossil fuel power plants, total number and percentage of the
total of facilities with given types of pollution control devices,
and current and projected installations of stack gas cleaning -
equipment, and any backlog of orders for such equipment. |

6.3 Sulfur content of coal being mined, by region; and for the

following residuals, the amount of environmental residual generated
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both by the energy sector and type of facility, and the anmiount
of residual produced per amount of energy generated:

-acids (equivalent tons/day)

-bases (eqivalent tons/day)

-total dissolved solids (tons/day)

-suspended solids (tons/day)

-organics or oil spills

-thermal water pollution (BTU's/day)

-particulates (tons/@ay) ESP, lead, asbestos...

-nitrogen oxides (tons/day)

~ozone

-sulfur oxides (tons/day)

-hydrocarbons (tons/day)

-carbon monoxide (tons/day)

-aldehydes (tons/day)

-solids (tons/day)

-fixed land (acres/year) (alternative uses prec¢luded for some time)
-incremental land (acres/year) (maximum excluded from alternative

uses).
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3.2 Development of Data Bank and Indicator Construction Facility

Usfng this list, an effort was made to investigate as many of the
indicators as possible, given the limited time and resources available. A
bank of energy data has been developed for the purpose of generating
indicators. In the 1ist above, an asterisk indicates each of the areas
where actual indicators have been constructed for display here, or where
all or -a significant portion of the data neede& to compute an indicator in
the area are already in the data bank.

At present, the data are loaded on one of the two management informa-
tion systems employed for this project. The bulk of the data are available
on the TROLL system; a smaller subset of the data also are available on the
GEMIS system (see Section 5). The basic data series now available on the
system are documented in Appendix B.

It should be emphasized that not all the energy indicators that are

available from the current data bank are discussed in this section:

(1) Many of the simple data series which are reported in Appendix B
are themselves useful energy indicators for particular purposes.

Indeed, the current FEA Monthly Energy Review contains little else

but data series of this type. We single out only a few of these
simple series for presentation in this section because of their
special interest in relation to other indicators shown here or
because they are of value in illustrating some point about the
display of data of this type.

(2) Of the indicators that may be constructed by manipulating two or
more data series, we have explored only a portion of those that
might be constructed using the data bank already established.

What has been provided is a facility whereby this task can be

easily performed by FEA personnel as their interests lead them,
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or as they respond to requests for information.
(3) The set of possible indicators can be greatly increased by adding
more data series to the existing data bank.
In choosing the set of indicators to develop and document here, we
have attempted a reasonable compromise between the desire to cover as many
as possible of the most interesting issues in the energy area, the need in
some areas for data searching and validation, and the limitations on time and
resources. Clearly, the results shown here are only a step in the process
of developing a complete set of indicators and establishing the procedures

necessary for their maintenance, publication, and continuing refinement.

3.3 Prototype Indicators

In this section we present a prototype set of "snapshot" indicators.
The indicators are grouped according to the breakdown of categories intro-
duced in Section 2, and sample indicators are presented for five of the
six categories. For each indicator, three types of information are
provided:

(1) Documentation of the definition, interpretation and method of

construction of the indicator
'(2) A plot of the indicator
(3) A printout of the numerical va]ueswof the indicator itse]f and,
' in some cases, of some of the data series used to construct it.
It is suggested that this form of documentation and presentation would be
very useful in any further efforts to expand or refiné the indicator set
developed here. The documentation is, of course, essential; the numerical
data often prove very useful in interpfeting and checking indicators and
should be kept close at hand except, perhaps, where the limitation of mass

publication forbid it.



3.3.1 Long-Run Supply

In the area of long-run supply, a set of 7 sample indicators are shown
here. They focus on the stock of proved reserves of oil and natural gas,

and its relation to current consumption. They include

Crude 0i1 Reserve - Production Ratio (PET.RP)

Natural Gas Reserve - Production Ratio (GAS.RP)

0i1 and Gas Reserve - Production Ratio (0G.RP)

Crude 0il1 Additions to Reserves (PET.ADRS)

Natural Gas Additions to Reserves (GAS.ADRS)

Petroleum Reserve Adequacy

Total Number of Rotary Drilling Rigs Running (RIGS60)
The reserve-production ratio is a conventional measure of long-run supply
- adequacy and a useful component of any set of sufficiency indicators. The
strong decline in these indicators for oil and gas over the 1960's, a down-
ward trend only broken by the large Alaskan finds, means that one of two
things must happen. Either domestic output ultimately must also be reduced
(for there is some minimum working inventory which must be maintained) or a
dramatically increased rate of discovery must be attained, which in turn
means that greatly increased incentives to exploration must be provided.
Another set of indicators shown in this section shows the pattern of
additions to reserves over time. Here for petroleum the relative magnitude
of the Alaskan finds in relation to the experience of recent years is
particularly clearly demonstrated. Moreover, it is interesting to note how
consistent the additions to oil resefves have been over the last 15 years
(aside from Alaska), and how very poor the natural gas experience ha§ been
in the past 6 years (once again, aside from Alaska).

These phenomena are shown most dramatically by looking at the
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relationship between current reservés and the level of reserves that would
be necessary to attain a prescribed level of self-sufficiency. The indica-
tor of "Petroleum Reserve Adequacy" shows this comparison. The U.S. was
roughly self-sufficient (in the sense that we could have held imports to no
more than 15% of domestic needs) uptunti1 the late 1960's. But at that
point, even with the Alaskan finds, the gap between needed reserves and
actual began to grow. The extreme difficulty we will have in-closing this
gap is shown in an approximate way by the comparison of the size of this gap,
and the normal rate of reserve additions shown in the former indicator.
Also shown below is one of the.more coﬁmon indicators of exploratory
activity, the number of rotary drilling rigs running. This series is based
on a long-term set of data published by the Hughes Tool Company, which
dominates the market for drill bits.
Among the many possible directions of further work in this area, the
following deserve high priority:
(1) Data and indicators regarding drilling effort in feet (a supple-
ment to the indicator of total rigs running), drilling costs,
and finding rates per foot drilled. |
(2) Data and indicators on the effort expended in secondary and
tertiary treatment methods, and the ;esults.
(3) Data and indicators on the financial health of the electric

utilities.



NAME :
DEFINITION:

INTERPRETATION:

UNITS
FREQUENCY:
INPUTS:

FORMULA:

OUTPUT:

CONTACT:

3-10
DOCUMENTATION FOR PET.RP

Crude 0i1 Reserve-Production Ratio

The ratio of proved crude oil reserves at end of year to
annual crude o0il production.

If one assumes that no new crude oil reserves are found,
that crude production continues at a constant rate, and
all other factors (prices, technology, etc.) remain
unchanged, then this indicator shows how much time remains
before proved reserves are fully depleted.

Years
Annual

PET.RSVS--Proved reserves of crude oil (estimated as of
December 31 of any given year) are the estimated quantities
of all liquids statistical]y defined as crude o0il, which
geological and engineering data demonstrate with reasonable
certa1nty to be recoverable in future years from known
reservoirs under existing economic and operating conditions.
Source: API, AGA, CPA,Bluebook.

PET. PROD--Crude o0il production is the volume of liquids
statistically defined as crude oil, which is produced from

0il reservoirs during a year. The amount of such production
is generally established by measurement of volumes delivered
from leased storage tanks g1 .e., tne point of custody transfer)
to pipelines, trucks, or other media for transport to
refineries or terminals. Source: API, AGA, CPA, Bluebook.

Proved Crude 0il Reserves _ PET.RSVS (bbl)

Crude 0i1 Production ~ PET.PROD (bbl/year)

Vertical axis on graph is in years and horizontal in time.
Table of data is also given.

John Curtis, FEA, Office of Energy Data Policy, (202) 961-7986.
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Crude 0i1 Reserve-Production Ratio (smoothed)
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Crude 0i1 Reserve-Production Ratio

coLcobB(PETLRGVSE, PET . PROL, PET DD

I===z=n========='================I=====u=========='uu:::n::::::n:::!
| | LY. .ROVS ] prr.oner ] PET . ]
|==s=========n==|==========u=====,==========a=====’==========:=====l
} 1346 | 31C13., | 28735, | 12,7832 |
| 19G1 | 31753. | 250¢C. | 12.6¢27 |
I 1962 | 31339, | 2552 ] 12,2838 |
) 18383 | 302309, | 2C13., | 11,8510 - |
| 1964 | 53399, ! 2CH5., | 11.710h |
I 1965 ] 31352, | 2632, i 11.6102 ]
| 15G3 | 31L52. | 200h, H 13,0012 ]
| 1967 | 213760, | 3947, ! 10,2973 !
| 133G | 30707. | 3101, | 2.,72433 |
I 19G3 | 22031, | 3289, i 2.291C3 |
| 19070 | 39001, ] 3328, | 11,7131 |
i 1371 | 330062, } 3299, ! 11.5374 |
| 1972 | 363359, ] 3274, { 11.09393 |
| 1973 | 35294, | 3185, | 11,9329 |
I 1974 3 36250, } 3043, | 11,2553 |
j:fs==========;ul================|======;========='=======:==z=====|
10° bb1 105 bbi/yr.






NAME :
DEFINITION:

INTERPRETATION:

UNITS:
FREQUENCY:
INPUTS:

FORMULA:

SOURCE:

COMMENTS:

| 3-11
DOCUMENTATION FOR: _GAS.RP

Natural Gas Reserve-Production Ratio

The ratio of proved natural gas reserves at end of year
to annual natural gas production.

If one assumes that no new natural gas reserves are found,
that natural gas production continues at a constant rate,
and all other factors (prices, technology, etc.) remain
unchanged, then this indicator shows how much time remains
before natural gas is fully depleted.

Years
Annual
GAS.RSVS - proved natural gas reserves

GAS.PROD - production out of reserves of natural gas and
natural gas liquids.

GAS .RSVS f£3
GAS.PROD ft3/yr
Internally generated. See documentation of inputs for
their source information.

Data available from 1960 through 1973. The slowing of
decline in 1970 results from the discovery of the
Alaskan reserves.
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Natural Gas Reserve-Production Ratio
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Natural Gas Reserve-Production Ratio (smoothed)
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NAME:
DEFINITION:

INTERPRETATION:

UNITS:
FREQUENCY:
INPUTS:
FORMULA:

OUTPUT:
CONTACT:

3-12

DOCUMENTATION FOR: 0G.RP

0i1 and Gas Reserve-Production Ratio

This ratio of proved 0il and natural gas reserves (in BTU)
at the end of the year to the annual production (in BTU) of
these fuels.

If one assumes that no new reserves of crude oil and natural
gas are found, and that production of these fuels in
aggregate BTU's continue at a constant rate, then this
indicator shows how much time remains before the aggregate
of these fuels is fully depleted.

Years

Anhua]

~ PET.RSVS, GAS,RSVS, PET.PROD, GAS.PROD

PET.RSVS 5.8 x 105 + GAS.RSVS % 1030  (BTU)
PET.PROD * 5.8 x 10° + GAS.PROD * 1030  (BTU/year)

Vertical Axis in years, horizontal in time.

John Curtis, FEA, Office of Energy Data Policy, (202) 961-8796.
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0i1 and Gas Reserve-Production Ratio (smoothed)
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NAME :
DEFINITION:

INTERPRETATION:

UNITS:
FREQUENCY:
INPUTS:

FORMULA:

OUTPUT:

CONTACT:

3-13
DOCUMENTATION FOR: PET.ADRS

Crude 0il1 Additions To Reserves

The incremental amount of crude reserves for a given rate
of production in period t, where t = year.

This indication gives a rough feeling for the amount and
success of domestic exploratory efforts.

Millions of barrels.
Yearly

PET.RSVS--Proved reserves of crude oil (estimated as of
December 31 of any given year) are the estimated quantities
of all liquids statistically defined as crude oil, which
geological and engineering data demonstrate with reasonable
certainty to be recoverable in future years from known
reservoirs, under existing economic and operating conditions.
Source: API, AGA, CPA, Bluebook.

PET.PROD--Crude 0il1 production is the volume of liquids
statistically defined as crude oil, which is produced from
0oil reservoirs during a year. The amount of such production
is generally established by measurement of volumes delivered
from least storage tanks (i.e., the point of custody transfer)
to pipelines, trucks, or other media for transport to
refineries or terminals. Source: API, AGA, CPA, Bluebook.

PET.RSVSt - PET.RSVS + PET.PRODt

t-1

Vertical axis is additions to reserves, horizontal axis
is time in years.

John Curtis, FEA, Office of Energy Data Policy, (202) 961-8796.
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Crude 0i1 Additions to Reserves

PET.ADRS

l==============={================
| | AIUAL DATA |
|===============|================|
| 1961 | 2653, |
| 1962 | 2133, |
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i 1964 | 266G, |
| 1905 | 3001. |
| 1966 | 29G4, |
| 1367 ] 2971, |
| 1963 | 2492, ]
| 1369 | 2113, |
| 1370 | 12698. |
| 1371 | 2360, .
| 1972 | 1551. |
| 1973 | 2145, |
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NAME :
DEFINITION:

INTERPRETATION:

UNITS:
FREQUENCY:
INPUTS:

FORMULA:

OUTPUT :

CONTACT:

3-14

DOCUMENTATION FOR: GAS.ADRS

Natural Gas Additions To Reserves

The incremental amount of gas reserves for a given rate
or production in period t, where t = year.

This indication gives a rough feeling for the amount and
success of domestic exploratory efforts.

Trillions of cubic feet.
Yearly

GAS.RSVS--Proved reserves of natural gas (estimated as of
December 31 of any given year) which geological and
engineering data demonstrate with reasonable certainty

to be recoverable in future years from known reservoirs,
under existing economic and operating conditions.

Source: API, AGA, CPA, Bluebook.

GAS.PROD--Crude o0il1 production is the volume of gas
which is produced during a year. Source: API, AGA,
CPA, Bluebook.

GAS.RSVSt - GAS.RSVS + GAS.PRODt

t-1

Vertical axis is additions to reserves, horizontal axis
is time in years.

John Curtis, FEA, Office of Energy Data Policy, (202) 961-8796.
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Natural Gas Additions To Reserves

GAS.ADRS

l:::::::::::::::’=============:==I
| | ANNUAL DATA |
l===============l================'
| 19G1 | 17527, |
| 1362 | 19643, |
| 1963 | 18418, |
| 1964 | 20447, |
} 18G5 | 214790, |
| 13060 | 20355, |
| 1967 | 21956 ]
| 130638 | 13315, |
| 1369 ] 3432, |
| 138790 o 27593, |
| 1371 | 10137, |
} 1972 | 9791. |
| 1973 | 6470, |
| 1374 ] 8500, |
!é::::::z:::::::l=?==============l
10° £¢3



DOCUMENTATION FOR: PET.NEED, PET.RSVS

NAME: Petroleum Reserve Adequacy

DEFINITION: U.S. petroleum reserves compared with the reserves needed
to maintain 85% domestic supply with a 10 to 1 reserve-
production ratio.

INTERPRETATION: Indicates long-run trends in the petroleum sector and
shows the exploratory effort needed to gain sufficiency
in this fuel.

UNITS: Billions of barrels.

FREQUENCY: Monthly

INPUTS:  PET.RSVS, DS.DMD, GS.DMD, RS.DMD, JT.DMD

FORMULA: PET.NEED = (DS.DMD + GS.DMD + RS.DMD + JT.DMD) + .365 % 10 .85
OUTPUT: Vertical axis is 10° bbl, horizontal axis is time.

CONTACT: John Curtis, FEA, Office of Energy Data Policy, (202) 961-8796.
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DOCUMENTATION FOR: RIGS60

NAME: Total Number of Rotary Drilling Rigs Running

DEFINITION: - Indicates total number of rotary drilling rigs for
U.S., excluding: cable tools, stacked rigs and rigs
moving to new locations.

INTERPRETATION: Domestic discoveries of oil and gas and subsequent
production cannot take place without the required
drilling equipment represented by RIGS60.

UNITS: Numbers of rigs
FREQUENCY: Monthly
SOURCE: Hughes Tool Co.

COMMENTS: Data available from January, 1960 to May, 1975 (estiméted).
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" Rotary Drilling Rigs Running
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3.3.2 Long-Run Consumption

As an example of the possible development of indicators of long-run
consumption, two series are shown here. Both relate to gasoline consumption.
The first indicates the level of sales of passenger cars at retail; it shows
a growth in this market over a period of é decade and a half, and then rapid
decline in recent months as a result of changes in the economy and the energy
sector. Second is an indicator of the energy-using characteristics of these
new vehicles. This indicator can be used to monitor one of the stated goals
of current energy policy, which is to reduce the consumption of the incoming
car fleet by 40% over a period of years.

There is a wide variety of indicators that might be constructed to
reflect trends in long-run consumption. Many require the collection and
manipulation of new data series, however, or of data series that were not
compiled for purposes of studying energy phenomena. The following deserve
the earliest attention:

(1) Improved indicators of automotive fuel use. With a moderate

amount of additional data collection and the construction of a
set of simple models, it should be possible to construct an
indicator set which reveals something about the several deter-
minants of gasoline consumption (fleet age, distribution of new
vehicles, miles trqve]led) and how they are evolving over time.
With a very simple forecasting model a very useful dynamic
indicator set might be produced.

(2) An indicator set showing the intensity and efficiency of domestic

air travel should not be difficult to construct.

(3) From detailed heating fuel supply data and degree-dayg?gi direct

estimates of K-factors) from specific regions of the country
(perhaps New England) it should prove possible to produce an

indicator set that would show conservation trends in home heating.
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DOCUMENTATION FOR: RCAR6D

NAME : Number of New Domestic Passenger Cars Sold at Retail
UNITS: Thousands of autos
SOURCE: U.S. Department of Commerce, Social and Economic Statistics

Administration, Bureau of Economic Analysis, "Survey of
Current Business"

COMMENTS: Data available from 1958.
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Passenger Cars Sold At Retail

Thousands Of Cars
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Passenger Cars Sold At Retail (Continued)
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DOCUMENTATION FOR CAR.AMVI

NAME : ‘ Average Gasoline Mileage of Domestic New Cars Sold by
U. 'S. Dealers

DEFINITION: The average mileage-per-gallon of domestic-make new cars .
sold by U. S. dealers. This average is computed monthly
and is weighted according to monthly sales volumes of new
automobiles.

INTERPRETATION: This indicator is useful in assessing the degree to which
conservation of motor gasoline is being achieved by the
introduction of more fuel-efficient automobiles into the
domestic market.

"The "Comments" listed below should be read and considered
carefully, since they suggest possible deficiencies of
the indicator, as previously calculated.

UNITS: Miles per gallon

FREQUENCY: Monthly

INPUTS: SALES--domestic-make new car sales by U, S. dealers, by
make and model of car. Monthly, from Ward's Automotive
Reports.

MPG--mileage-per-gallon of new cars. Annually, from
Environmental Protection Agency's Gas Mileage Guide for
New Car Buyers.

FORMULA: Let:
model

model of car

date

date (monthly)

mpg (model) = miles-per-gallon of the specified model
of car;

" for 01/74<date £10/74, mpg(model) is obtained by multiplying the miles-
per-gallon listed in the EPA's 1974 Gas Mileage Guide for Car Buyers
by an adjustment factor of 1.227. This adjustment factor is used to
compensate for 45% highway driving, and to account for a 5% adjustment
in EPA testing methods.

for 11/74 £date<02/75, mpg(model) is obtained from the data in the
EPA's 1975 Gas Mileage Guide for New Car Buyers according to the
following formula:
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mpg(model) =
.55 + .45
urban mpg = highway mpg

sales(date, model) = sales of given model of car
during the month specified by date; from Ward's
Automotive Reports.

The indicator itself is obtained by the following formula, for a given

month specified by date:

1A

sales(date, model)
mpg(model )

model

E sales(date, model)
model —

However, see also the "Comments" below, since due to data limitations,
the calculation of the indicator differs from the above formula.

COMMENTS: In producing the accompanying graph, several simplifications were
made, as listed below:

1. For all new cars sold from January 1974 through October 1974, the
miles-per-gallon data for 1974 model cars were used, when
available. For all new cars sold from November 1974 through
February 1975, the miles-per-gallon data for 1975 model cars were
used, when available.

2. In cases where miles-per-gallon data for a given model and year of
car were not available, data were used for a different year (1974
or 1975) car, when available. (For example, if miles-per-gallon
data on 1975 cars of a given make were not available, but 1974
data were available, then the 1974 miles-per-gallon data were
used in place of the 1975 miles-per-galion, in the formula for
calculating the indicator.)

3. In cases where the miles-per-gallon data were not available for
either the 1974 or 1975 cars of a given model, that model was
omitted in the indicator calculation. Such omissions constituted
about 5% of the total domestic car sales by U. S. dealers.

4. In cases where more than one miles-per-gallon figures were listed
for a given model car of a given year, the data corresponding to
the smallest engine size were used, when the data were listed
according to engine size. In other such cases, the data for what
was believed to be a common or similar version of the specified
model were used.

5. The formula given for calcuiating the average miles-per-gallon
weights cars on the basis that each car will be driven the same
number of miles during a given time period. (Rather than, for
instance, so that the cars will be driven so that each consume
the same amount of gasoline, during a given time period.)



3-19b

26 60 6 PLOT 'MPG'

17.0-
(o]
16.5-
16.0- o
o)
o ©
(o] (o]
15.5-
(o]
(] (o]
15.0- C
(o}
14,5-
— : -
0.0 2.5 5.0 7.5 10.0 12,5 15.0
1/74 5/74 10/74 3/75

- ABSCISSt = TIMF STARTING FROM 1974 1

o = MPG

Average Gasoline Mileage of New Cars




3.3.3

3-20
Short-Run Domestic Supply Adequacy

A set of 18 indicators are shown in this area:

Crude 0i1 Domestic Production (CR.PDD)

Days Supply of Crude 0il1 (CR.STFL)

Days Supply of Distillate 0i1 (DS.STFL)

Days Supply of Gasoline (GS.STFL)

Days Supply of Residual Fuel (RS.STFL)

Days Supply of Jet Fuel (JT.STFL)

Days Supply of Petroleum Products (PET.STFL)
Average Daily Imports of Crude 0il (CR.IMD)
Average Daily Imports of Distillate 0i1 (DS.IMD)
Average Daily Imports of Motor Gasoline (GS.IMD)
Average Daily Imports of Residual Fuel (RS.IMD)
Average Daily Imports of Jet Fuel (JT.IMD)
Fraction of Crude 0il1 Imported (CR.FI)

Days Supply of Crude Imports (CR.STIM)

Percent of Imports from Insecure Sources (AR.IMD, CE.IMD)
Days Supply of Petroleum Imports (PET.STIM)

Days Supply of Insecure Imports

Import Dependence

Thé first of these indicators simply represents the domestic production of

crude oil and shows that after peaking out at about the turn of the decade,

domestic crude oil production has declined in recent years. It differs from

the series published in the January Monthly Energy Review only in that the

graphic presentation of the data seems more clear, and the series is longer.

The next five indicators show stock-flow ratios for the various

petroleum products and for : crude oil and petroleum products

as a whole.

These are once again conventional measures of short-run supply
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adequacy and represent the ability of the economy to absorb a short-run
'shock or disruption in either domestic or foreign energy supplies. As with
the stock-import indicators below, these series do suffer from one serious
flaw. They show only primary stocks of petroleum products; the secondary
stocks held by consumers are not included. Since secondary stocks are sig-
nificant in some sectors (e.g., residual fuel oil, heating o0il), such indi-
cators both understate the stocks available and, in some circumstances,
fail to reveal significant stock changes which are taking place.

Next are a set of indicators, which‘show the average daily imports of
various fuels and of crude o0il, are no more than revised presentations of data

presented in the Monthly Energy Review.

Next, is a very useful indicator of domestic energy sufficiency, when

taken in concert with other series--the fraction of crude oil imported.

This series shows how much of the domestic refining capacity is dependent

on imports for feed stocks. As one might expect, it has risen significantly
over the last ten years or so. Then there is a set of indicators that is
probably the most useful of all given current concern about international
.petroleum markets. They show the ratios of petroleum primary stocks to
imports and to insecure imports based on data about the composition of
imports provided by FEA.

Aside from the obvious need to understand more about the characteristics
of secondary stocks, there are several priority areas for work on short-
term supply indicators:

.(1) Natural gas curtailments and/or unsatisfied demand

(2) Reserve ratios in electric power systems

(3) Stock-fiow conditions in various parts of the coal industry

(4) Expressions of vulnerability of particular regions of the country

(e.g., the Northeast to disruption of imports).
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'DOCUMENTATION FOR: CR.PDD

NAME : Crgde 0i1 Domestic Production

DEFINITION: The average daily volume of crude oil, including lease
condensate, flowing out of the ground at the wellhead,
each month.

INTERPRETATION: This indicator provides the absolute volume of domestic
crude o0il production. It is a basis for a variety of
indicators of domestic self-sufficiency in petroleum

production.
UNITS: Million bbls./day
FREQUENCY: Monthly
FORMULA: Monthly Crude 0il Domestic Production

# of calender days/month

OUTPUT: CR.PDD is graphed where vertical axis is thousand
bbls/day and horizontal axis is time.

SOURCE: Directly from MER. Source is BOM through April 1974,
FEA from May 1974 thereafter.

CONTACT: John Curtis, FEA, Office of Energy Data Policy, (202) 961-7986.
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Crude 0i1 Domestic Production
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NAME:
DEFINITION:

INTERPRETATION:

UNITS:
FREQUENCY:
INPUTS:

FORMULA:
OUTPUT:

CONTACT:
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DOCUMENTATION FOR: CR.STFL

Days supply of crude oil

Number of days that U.S. could continue.to consume crude
0oil at the demand rate in period t given a level of
stocks in period t, where t = month.

This indicator provides a rough guide to how vulnerable
crude oil stocks are to any exogenous shocks either
domestic or foreign. The indicator should be used and
applied judiciously because movement in it can be
associated with either the numerator or denominator

of the ratio.

Days

Monthly

CR.DMD--Domestic demand for crude oil in thousand bbl/day.
From MER. Source: BOM through April 1974, FEA
from May 1974 forward.

CR.ST-- Primary stocks of crude oil held by producers in
thousands of bbl. From MER. Source: BOM through
April 1974, FEA from May 1974 thereafter.

Stocks of crude ¢ CR.ST (bb1)

Domestic demand for crude = “CR.DMD bb1/day)

CR.STFL is graphed where vertical axis is days and
horizontal axis is time. Seasonal adjustment also shown.
Table of data used to produce graph is also shown.

John Curtis, FEA, Office of Energy Data Policy, (202) $61-7986
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Days Supply of Crude 0il
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Days Supply of Crude 0il
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NAME:
DEFINITION:

INTERPRETATION:

UNITS:
FREQUENCY:
INPUTS:

FORMULA:

OUTPUT:

CONTACT:
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DOCUMENTATION FOR: DS.STFL

Days Supply of Distillate 0il

Number of days that U.S. could continue to consume
distillate oil at the demand rate in period t given a
level of stocks in period t, where t = month.

This indicator provides a rough guide to how vulnerable
distillate oil stocks are to any exogenous shocks either
domestic or foreign. The indicator should be used and
applied judiciously because movement in it can be
associated with either the numerator or denominator

of the ratio.

Days

Monthly

DS.DMD--Domestic demand for distillate oil in thousand
bbl/day. From MER. Source: BOM through April 1974,
FEA from May 1974 forward.

DS.ST-- Primary stocks of distillate oil held by producers
in thousand bbl. From MER. Source: BOM through
April 1974, FEA from May 1974 thereafter.

Stocks of distﬂ]atet _ DS.ST  (bb1)

Domestic demand for distillate, DS.DMD {bb1/day)
DS.STFL is graphed where vertical axis is days and
horizontal axis is time. Seasonal adjustment shown.
Table of data used to produce graph is also shown.

John Curtis, FEA, Office of Data Policy, (202) 961-7986
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Days Supply of Distillate Qil
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Days Supply of Distillate 0il

TRANSP(DS.STFL)
]J===============z ]====z=z==z==x===z== J=======x===z=z====
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E=S==TozzooSSsSSsx Jo==S== =SSz === Jm=c=============
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DOCUMENTATION FOR GS.STFL

NAME: Days Supply of Gasoline (GS.STFL)

DEFINITION: Number of days that U.S. could continue to consume
gasoline at the demand rate in period t given a
level of stocks in period t, where t = month.

INTERPRETATION: This indicator provides a rough guide to how vulnerable
motor gasoline stocks are to any exogenous shocks either
domestic or foreign. The indicator should be used and
applied judiciously because movement in it can be
associated vwith either the numerator or denominator
of the ratio.

UNITS: Days
FREQUENCY: Monthly
- INPUTS: GS.DMD--Dorestic demand for motor gasoline in thousand

bbl/day. From MER. Source: BOM through April 1974,
FEA from May 1974 forward.

GS.ST -~Primary stocks of motor gasoline held by producers
in thousand bbl. From MER. Source: BOM through April
1974, FEA from May 1974 thereafter.

Domestic demand for gasoline ¢ GS.DMD (bb1/day)
OUTPUT: GS.STFL is graphed where vertical axis is days and

horizontal axis is time. Seasonal adjustment shown.
Table of data used to produce graph is also shown.

CONTACT: John Curtis, FEA, Office of Data Policy, (202) 961-7986.
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Days Supply of Gasoline
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Days Supply of Gasoline

TRANSP(GS.STFL)
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NAME:
DEFINITION:

INTERPRETATION:

UNITS:
FREQUENCY:
INPUTS:

FORMULA:

OUTPUT:

CONTACT:
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DOCUMENTATION FOR: RS.STFL

Days Supply of Residual 0il

Number of days that U.S. could continue to consume
residual oil at the demand rate in period t given a
level of stocks in period t, where t = month.

This indicator provides a rough guide to how vulnerable
residual oil stocks are to any exogenous shocks either
domestic or foreign. The indicator should be used and
applied judiciously because movement in it can be
associated with either the numerator or denominator

of the ratio.

Days

Monthly

RS.DMD--Domestic demand for residual oil in thousand
bbl/day. From MER. Source: BOM through
April 1974, FEA from May 1974 forward.

RS.ST-- Primary stocks of residual oil held by producers
in thousand bbl. From MER. Source: BOM through
April 1974, FEA from May 1974 thereafter.

Stocks of residual
ocks of resicdualy = RS.ST  (bbl)

Domestic demand for residua]t RS.DMD  (bbl1/day)

RS.STFL is graphed where vertical axis is days and
horizontal axis is time. Seasonal adjustment shown.
Table of data used to produce graph is also shown.

John Curtis, FEA, Office of Energy Data Policy, (202) 961-7986
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