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limited set of materials information systems cur-
Federal agencies indicates that they provide a

reasonably strong base for developing the integrated
capabilities. Many of the basic functions are already being imple-
mented or are in development, and much of the required data is
being generated and collected.

However, since the existing systems were developed by
different agencies, for different purposes, and at different times,
integrating them to achieve the improved capabilities requires:

●

●

●

Improving the completeness, currency, and accuracy
of their data bases;

Improving the access to them and the ability to inter-
relate them by adopting more uniform usage of terms
and developing proced
and

Improving their capabi
presenting results to
formats.

ures for ensuring data security;

lities for analyzing the data and
decisionmakers in meaningful

A. INTRODUCTION

Many of the Government agencies involved
in materials policymaking operate materials
information systems comprising people, pro-
cedures, facilities, and data in a variety of
forms, Some are predominantly manual; some
make substantial use of automation. All have
evolved over man y years as institutions and all
have been assigned varying responsibilities for

different classes of materials. They all gather
and analyze relevant data to monitor condi-
t ions in part icular  materials  sectors  and
measure the effectiveness of Government
policies thereto. Most systems publish their
statistics on supply or utilization as a service to
industries and the public, Many of the systems
have been very stable. For others, missions



CHAPTER IV

and techniques have changed over the years as tegrated capabilities, no attempt was made to
new needs and priorities arose, and these have evaluate how well the current systems are ac-
been augmented to meet special, time-critical complishing the jobs for which they were
requirements. built.

This segment of the assessment examined a Personal interviews, using a formalized
selected set of these systems to find how they questionnaire, were conducted with personnel
might support the integrated capabilities. A of 10 Federal agencies. Additionally, the
collateral aim was to understand the opera- assessment reviewed descriptions of materials
tional problems these systems encountered so information systems used by Congress, four
that their experience could be factored into the other Federal executive agencies, and several
c o n s i d e r a t i o n  o f  h o w  t h e  i n t e g r a t e d State governments. In all, over 60 interviews
capabilities might be implemented. It should were conducted with managers and users of
be emphasized that, except for those cases materials information systems.
where the systems specifically matched the in-

B. CONGRESSIONAL INFORMATION SYSTEMS

Congress obtains information to support
materials policymaking from three principal
sources: (1) the Federal and State executive
systems; (2) the private sector, including in-
dustry, trade associations. academic institu-
tions, lobby groups, and the general public;
and (3) its own information systems. The
legislative systems are oriented to the special
kinds of information Congressmen and their
staffs require. These cover:

● Fiscal-budgetary information, such as:

—New budget requests,
—Past budget and expenditure data,
—Funding by l ine i tem entry and

special subject category,
—Long-range budget projections;

● Program evaluation data, such as:

— “Hard” data (inventory and economic
data),

—“Soft” data (numbers of people
by programs, social impact);

. Program oversight data, such as:

—Authorizing statutes,

served

—Relevant appropriations (initial and
follow-on),

—Executive branch implementation ac-
tions;

Data on status of legislation, such as:

—Pending bills,
—Expiring laws,
—Historical data; and

Research information, principally scien-
tific and technical information.

The congressional agencies that provide this
information include:

●

●

●

●

●

●

Congress iona l  commi t t ees  and  ad -
ministrative offices,

Congressional Research Service (Library
of Congress),

National Referral Center (Library of Con-
gress),

Congressional Budget Office,

General Accounting Office, and

Office of Technology Assessment.

Table IV-1 lists some of the information
sources.

In calling on all these agencies for informa-
tion, Congressmen and their staffs correlate
and reconcile discrepancies in the different in-
puts and integrate the mass of data—a major
task. Two centralized legislative information
systems have been established. The Bill Status
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Information

P

~FIscal -
Source Budgetary

Information

U.S. Congress, committees and
administration

Congressional Research Service

National Referral Center

Congressional Budget Office

General Accounting Office

Office of Technology Assessment

Executive sector input

Public sector input

x

x

System (Aquarius) provides legislative histo-
ry, tracking, and statistical data and printed
status reports. Indexing is done by subject
matter (metals, forestry, aluminum, resources,
timber, etc.), sponsor or co-sponsor committee,
date, and number. The Legislative Information
System (Scorpio) provides a bill digest, major
issues, material, referrals to organizations re-
lated to technology and the sciences, and
printed reports. These systems provide a
searching and retrieval capability based on the
subject  matter  indexes or  more specif ic
parameters. Their use does not replace the
analysis of documents. but they do provide ac-
cess to legislation, bibliographies, reports, and
references to pertinent organizations. They
can alleviate the problem of receiving too
much information, since searching can be
refined to reduce the number of relevant
references.

S t i l l  o the r  in fo rmat ion  se rv ices  a re
routinely provided by the Library of Congress.
The Senior Specialist Division of the Congres-
sional Research Service provides information

Program
Evaluation

Data

x

x

x

x

x

x

x

Ptogram
Oversight

Data

x

x

x
x

x
x

Legislation

x

x

x

Research
Information

x
x

x
x
x

in the form of analyses, interpretive studies,
projections, chronologies, facts, and special
bibliographies. The National Referral Center
(NRC) also provides research information in
terms of referrals to organizations and in-
dividuals who can answer specific questions
in scientific and technical fields. NRC uses a
subject-indexed data base containing profiles
of 9,000 organizations. The Center’s referral
s p e c i a l i s t s  p r o v i d e  n a m e s ,  a d d r e s s e s ,
telephone numbers, and their areas of exper-
tise in response to queries.

These legislative information systems do
not have sufficient analytical or integrating
capability of the kind needed to provide
forecasts of the possible effects of policy deci-
sions on the economy, For this, Congress must
rely on the executive branch and the private
sector. Thus, while Congress can improve its
own systems, its most effective avenue for ob-
taining better policy planning information ap-
pears to be to strengthen the existing Federal
executive systems and to establish procedures
guaranteeing access to them.
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C. EXECUTIVE MATERIALS

The Federal agencies covered in this review
are listed in table IV-2. Additional contacts
were also made with agencies of some 13
States; of these, data bases maintained by
Alaska and Illinois were pertinent to the
review and were included.1

In questioning managers and users of these
materials information systems, the survey
focused on:

. Data bases;

. Information management
the techniques which build
the data bases, and retrieve,
duce reports: and

systems, i.e.,
and maintain
sort, and pro-

. Mathematical/analytical models and tools
used for interrelating supply and demand
factors to arrive at forecasts.

1. Data Bases and Information
Management Systems

Table IV–3 summarizes some of the institu-
tional characteristics of the 23 data bases and
the associated information management
systems that were examined. The table shows
the automated information management
system, if any, which the data base supports;
the agency responsible for operating the
systems; the geographic location of the data
base; and the purpose of the system. Except for
the data bases sponsored by Alaska and
Illinois, and a few cases in which States sup-
port SRS and EPA data bases, virtually all
funding for these systems is borne by the
Federal Government. (In the case of the DOD
Information Analysis Centers, user fees pro-
vide for a substantial portion of the costs;

I (; () n t a (; ts w j t h t h ~ o t h ~ rs (A rka n sas. A r i ZO n a,
California. Colorado, (%or~ia,  Iowa, Maryland, Montana,
New Mexico, Texas, and Utah) indicated that their
resource-oriented information systems were developed
for soil, land use, and water resources rather than for
mdterials,  per se.

INFORMATION SYSTEMS

however, most users are DOD contractors and
these costs  are ul t imately borne by the
Government,)

The review indicated a trend away from
specific programs to support special data bases
t o w a r d s  g e n e r a l i z e d  d a t a  m a n a g e m e n t
systems which support multiple data bases
more easily and with better response time for
special requests. These data management
systems also support proprietary files and limit
access by nonqualified users.

Table IV–4 summarizes the materials infor-
mation provided by the selected data bases.
The sponsoring Federal agencies are the main
data base users, primarily due to limited access
to proprietary data maintained at the com-
pany/site level. Data from some bases, like
CRIB and TIMLUC, are currently restricted to
Federal and State employees, but this restric-
tion may change under the Freedom of Infor-
mation Act. When the proprietary data is sum-
marized to a sufficient level of aggregation, it
is considered open to other agencies and the
public. However, provisions and facilities for
public access are not available on a regular
basis. United States Geological Survey has a
study to make the CRIB data base available to
users via CRT terminals at Menlo Park, Calif.,
or Denver, Colo.

As shown in Table IV–4, there is a con-
centration of effort with apparent redundancy
in the energy fuels area, USGS, BOM, FEA,
FPC, ERDA, and the Bureau of Census are all
involved in data collection either on a volun-
tary or a mandatory basis. Most of the data
bases indicated in the table suffer from a lack
of adequate international data. Many countries
do not collect the data or are unwilling to
make it available. The State Department’s
CERP and USDA’s Foreign Agricultural Serv-
ice account for the most of the international
data.

Tables IV–5 and IV–6 list some of the data
processing characteristics of the data bases. As
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Table IV-2.—Agency Personnel Interviewed During Survey

Agency Title

Department of Agriculture Analyst, Office of the Secretary
Economic Research Service (ERS) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Director
Forest Service (FS).. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Administrator of Service
Statistical Reporting Service (SRS) . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . Chief Research Division

ADP Technical Personnel

Department of Commerce
Bureau of Census . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .Director
Bureau of Economic Analysis (BEA). .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Analyst
Domestic and international Business Administration (DIVA) . . . . . . . . . . . . . Associate Director, ADP
National Bureau of Standards (NBS) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Chief

department of Defense information Analysis Center (DOD/lAC) . . . . . . . . . . . . . Staff Specialist

department of the Interior
Bureau of Land Management (BALM ) . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . Chief,ADP

Analyst

Bureau of Mines (BOM) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Department Manager
Program Coordinator
Chief of Statistics Branch
Commodity Specialist

Office of Mineral Policy Development (OMPD) . . . . . . . . . . . . . . . . . . . . . . . . . Director
Minerals Analyst  (Mining
Engineer)

U.S. Geological Survey (USGS). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Branch Chief
Commodity Specialist
Branch Chief

department of State
Industrial and Strategic Materials Division. . . . . . . . . . . . . . . . . . . . . . . . . . . . . Assistant Chief

Energy Research and Development Administration (ERDA). . . . . . . . . . . . . . . . . . Assistant Director for Raw
Materials

Environmental Protection Agency (EPA) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Project Director

Federal Energy Administration (FEA) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Director
Chief,~ADP
Project Manager

Federal Power Commission (FPC) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Director, Plans and Program

General Services Administration (GSA) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Staff Analyst
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-

-

Location*

Survey energy reserves in all countries
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Table IV-4_Content Characteristics of Selected Data Bases

Data Base

C A I B

NCDB

FAS

MAS

CDB

PD Inventory

Minerals

Census

TIMLUC

SRS

Stockpile

Fuels

Sec. Index

Environment

Air Quality

Water Quality

Uranium

World Energy

RIS

CERP

Basic Coal

Gas/oil

USGS

uSGS

BOM

BOM

BOM

BLM

ELM

Bur of

FS

SRS

GSA

FEA

FEA

EPA

EPA

EPA

ERDA

ERDA

FPC

DOD
IAC

Dept. of
state

Illinois

Akaska

User*

All

All

All

F, S, I

F

F

F. S, I

F, T, U

F, S, I, U

F, S

F

F

F

F, S

F, S

F, S

F

F, 1, T

F

F

AAl

s

s, 1, u

Typasof Data

Minerals  & coal location:geology; prod.;
reserves, resources eat.

Coal resource est. & reliability; geology:
depletion rate; chem. analysis

Coal prod., reserves, resource est:oil, oil
shale, &gas prod:oil  imports:chem. anal.

Minerals (alum., gold, tin, nickel)resource

est.; extraction volume &costs, transporta
tion profile; capital & operating costs

Minerals prod. & prod. capacity:

secondary recovery

U.S. public Iand reserves & resources eat.;
leasing; map coordinates

Prod., recycling, import, export
statistics

Field samples profiles; timber resource
est.; aerial photo descriptions

FieId sample profiles; prod. by crop

Quantites by location; chem. analysis

Coal & oil statistics

Area prod. & prod. capacity; consump-
tion; waste prod.; energy req., esp. for coal

Air pollution measurements, esp. for cod

Water pollution measurements,esp. for oil

Uranium resource estimates

Reserves; prod. & prod. capacity; price

& cost; consumption; capital investment

R&D abstracts;term index; bibliographic
details

IIl. reserves & resources est.; prod.;
chem. analysis

Number of Records

50,000 in 1975
150,000 by 1977

5,000,000 by 1980

1,000,000 in 1975

420,000 in 1975

797,000 by 1982

70,000 by 1980

7,000 in 1974

70,000 in 1974

1,000,000 in 1975
5,000,000 in future

100,000 in 1975

35,000 in 1976
250,000  by 1981
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Table IV-5.—Data Collection and Handling Characteristics of Selected Data Bases

Data Sources storage
Media

) j

x

x

x x

x

x

x

x

x

x

x

x x

x

x

x

K x

x

Update Frequency Data Base
Form
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Table IV-6.—Data Maintenance and Reporting Characteristics of Selected Data Bases and
Associated Information Management Systems

Analysis
Techmcwe

Data
Maintenance

Data
Retrieval output

—

a)a
:—
x
x
x

x
x
x
x

x
x

x

x
x

—

—

(0
v

i
$

&
x
x
x
x
x

x
x
x

x

x

—

c
g

1%
x
x
x
x
x

x

x
x
x
x
x
x

x
x

x
x

x
x
x

x
x

—

—

w
-E

5—
x
x
x
x
x

x
x
x

x
x

x

x
x
x

—

c
Q
z
v

5
R
R
D
D
D

D
D
s
FC
w
w
w
w

RP
RI

w
G

G
w
c
w

u
A

—

—

z
v
zg
x
x
x
x
x

x
x
x
x
x
x
x
x

x
x

x
x

x
x
x

x
x

—

—

z=
~
x
x
x
x
x

x
x
x
x
x
x

x

x
x
x

—

s~c.-
&
x
x
x
x
x
x
x
x
x
xx
x
x
x

x

x
x

x
x

—

—

f
n

:—

x
x
x
x
x

x
x
x
x
x
x

x

x

—

+
u
v

x

x
x

x

x
x

x

x

x
x

—

Information
Management

System
Data Base

2=
$
2

x
x
x

x
x
x

x
x

x
x

x

x
x

x

z=
o

x
x
x
x
x

x
x
x

x
x
x

x

x

CRIB
NCDB
FAS
MAS
COB
PO

Inventory
Minerals
Census
TIMLUC
SRS
Stockode
Fuels
Sec Index
Envwon -
ment

Atr oualtty
Water

Ouallty
Uramum
World
Energy

RIS
MCIC
CERP
Basic  Coal

Gas/Oil

GYPSY
GYPSY
DMS II
DMS II
DMS l)

—

—
INFORM
—
—
—
FEILS

—
—

—
ORCtilS

ORCHIS
RIS
—
CERP
Coal Data
Sys
—

“Turnaround Time 1—72 hours 2—24 ‘IOLVS 3—immediate {online) 4—48 hours pr)ordy,  up to 1 month- normal 5 -3  hours

listed in table IV–4, the primary data sources
are questionnaires and surveys conducted by
the agencies and reports from industry, both
mandatory and voluntary. Secondary data
sources are publications from other agencies.
For some files (trade data from the Bureau of
Census and MAS data from BOM), magnetic
tapes are used to exchange computer-sensible
data between data bases.

of the data bases and the types of storage
media employed. Table IV-6 shows that for
some of the automated systems, direct-access
disk files are being used and others are moving
toward adopting them. These permit online
file maintenance and retrieval from remote
typewriter and CRT terminals. The GSA net-
work INFONET  provides online maintenance
and retrieval capabilities for several agencies,

Table IV-6 also indicates the types of
analysis techniques used in the information
management systems. The analysis support
capability, which becomes increasingly impor-
tant as mo;e  complete and reliable data are

All the data bases verify the data to some
extent. Most use historical trends and inspec-
tion; some use error analysis programs. The
frequency of update ranges from monthly to
every 10 years. Table IV-5 also lists the form
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gathered and maintained, includes mathemati-
cal and statistical functions. Report program
generators are available, both online and
through remote processing, to support particu-
lar formats and aggregations required by users.
The types of output formats available from the
various systems are listed in table IV-6.

2. Mathematical/Analytical Models

Although the distinctions are not clearcut,
the models used in materials information
systems fall into four general categories: (1)
econometric regression models,  (2)  in-
put/output models, (3) linear programming
m o d e l s , a n d  ( 4 )  s i m u l a t i o n  m o d e l s .
Econometric regression models, the most
widely used, are generally developed on an ad
hoc basis for specific purposes, thus their
strengths and weaknesses are model-specific.
In contrast, input/output and linear program-
ming models permit generalizations of their
capabilities and limitations. Simulation and
other specialized models are only occasionally
used in forecasting/planning.

As indicative of their states of development,
a survey of 39 models was conducted to deter-
mine how well they could accomplish the
ana ly t i ca l  func t ions  fo r  the  improved
capabilities. Table IV–7 lists the models sur-
veyed, their users, the areas of applica-
tion/analysis, and the functions supported by
the models. In a general way, the table indi-
cates the functional areas for which forecast-
ing models are more developed than for
others, notably in the areas of demand models
and production distribution models.

a. Econometric Regression Models. The
A l u m i n u m  F o r e c a s t i n g  M o d e l  ( A F M ) ,
developed by Charles River Associates of
Boston, Mass., is representative of available
econometric models. It is a form of regression
modeling consisting of simultaneous equations
fitted from historical data by means of regres-
sion techniques. It has been formulated to
analyze the interaction between aluminum
supply and demand and, in particular, the im-

pact of Government actions on the price move-
ments of aluminum ingots, For example, it can
be used to analyze the effects of alternative
GSA aluminum disposal policies. The model’s
scope and capabilities to support materials
management are summarized as input and
output in figure IV–I.

AFM, as well as other econometric regres-
sion models, relies heavily on extrapolation
from historical trends. This inhibits considera-
t ion  o f  dynamic  changes  in  economic ,
demograph ic , o r  t echno log ica l  t r ends .
Capacity installations are projected on the
basis of information from the aluminum in-
dustry, but no significant technologically in-
duced structural changes were contemplated
d u r i n g  t h e  m o d e l ’ s  p l a n n i n g  h o r i z o n
(1972-76), Furthermore, model performance is
very sensitive to discontinuities in the re-
quired time-series inputs, Another limitation
is that AFM accounts only for the market
clearing mechanism for one stage of the
aluminum industry (production of aluminum
ingots); it does not account for price, supply,
and demand patterns in other segments of the
industry (in the bauxite mine segment or the
final aluminum user segment), The model ap-
pears to be very rigid in that the set of equa-
t ions describing the market  adjustment
mechanism does not apply during periods of
rationing, Indeed, it is a limitation generic to
econometric regression models that they are
special-purpose tools and are only appropriate
for a narrow range of applications,

b. Input/Output Models. The information-
generat ing capabil i t ies  that  input/output
models offer to materials management are
shown in the information flow summaries of
Figure IV–2 for (1) CIAS (GSA’s Contingency
Impact Analysis System), (2) EEPPM (Univer-
sity of Illinois’ Energy -Employment-Pollution
Policy Model), (3) INFORUM (Interindustry
Forecasting Model—University of Maryland),
and (4) SEAS (EPA’s Strategic Environmental
Assessment System). The similarities and dis-
similarities between input and output among
these models are apparent. In general, they ac-
count for the demand side of the materials
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FModal

APM

SEAfPM

SEAIO
0EA12M

SESOM

I CACM

CAIDM

Cm
CMIDM
CPCM
m

DEMOS

DESM

ONRUM
EEWM

I EFFIM

EMuS
EQM

FREPAS

GIOM

I INFORUM

MANERGY

MEM

MRIO

NIRAF

I NSEM
PIES

OMCwEM
ffEADY
RFFM

RCPS

SAM

SEAS

TPEcM

WAIF

WfM

W)RLD3

P!!E-

Table IV-7.-Mathematlcal/AnaJytical Models Surveyed

Alumnum Forocadme  Model
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COmIIWUWV  Im$wa  Antivm  SVSram
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Gmmod,w  Production CVcle$ MoM

Cost.Prwa Pmaura  Madd

Damqrxic  E-m Moddmff  Sysmm

Dvnsnwc Erwrw  Systmn  Modd
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Metal Endowment Model

Multi-Regtond  Input/Output Mcdd

NmI.md  Inwrrqmml &,cultura! Projacwm  System

Natumal  Socm.EwtwrItc  Mcdel

Projact  Indqendancc Evdumon SVsteM

OIIMn  Muv Cdlqt  World ErICrW Model
Attack  %WIWI.X and Damagt  Ata-t  kfodd
Fteaowca$  for ah Futwa Mcdoi

Rwwut Prcducwm  Eudustnm  Morhl

ShwtJga  Aflc4atbn  Modd

Strstmsic  Environwtantd  Astcstmm t Systcm

Tax Policv  and  E- Gwwrvatkm  Modd

Wwrton  Arm@ MCI  industry Fc.mmtirq  Wadd

Wodd  I**  w

Limita  to Growth  M@d

wdd RosIond  IIWM/Otnpm  MCI&l

U8af

GsA

DOC

OCW
Doc

EROA
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. . .

Doc
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. . .

. .

. .

. . .
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ERDA

U30A
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USOA
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EPA

EPA

-.

-.
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economic system, with the supply side treated FORUM, 367 for EEPPM), the number of
in a rudimentary fashion. The basic input for material groups for which requirements are
e a c h  m o d e l  i s  a  s e t  o f  f u n d a m e n t a l computed on the basis of industry output (9 I

demographic and macroeconomic projections. material groups for CIAS, 23 material groups
The lists of output, however, reveal the for SEAS), and the extent of further operations
differences due to the number of industries on the output, such as computation of employ-
into which the economy is divided by the ment requirements, capital requirements, and
various models (86 for CIAS, 185 for IN- pollution residuals.
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Figure IV–1. Econometric Regression Model Information Flow Summary

Inputs outputs

. Unit costs of bauxite production fac -

i i

. U.S. aluminum ingot shipments by
tors utilization categories

● Unit costs of aluminum ingot produc- . Aluminum scrap recovery by world
tion factors areas

. Net GSA aluminum sales . Prices of aluminum ingots and

. Aluminum production capacities by
aluminum scrap

world areas . Wage Indices and other national and

● U S. Disposable income and other
international indicators for the
aluminum industry

macroeconomic indicators I

. Exchange rates and other interna-
tional trade indicators
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Figure IV-2. Input/Output Model Information Flow Summaries
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An input/output model typically does not
offer the richness in detail of an econometric
regression model such as AFM for a particular
industry or application, but it does offer an in-
tegrated framework for the analysis of interac-
tions among the various industries of the
economy and a wide range of applications.
The basic capability of such a model is to com-
pute the total output required from each in-
dustrial sector of the economy to satisfy a
given set of final demands for the products
(goods and services) of each sector. In doing
so, the input/output computations take into ac-
count both the first and second order effects of
a change in the demand for a product on the
output requirements of all industries. Thus, a
change in the demand for autos will have an

impact not only on the output required by the
auto industry, but also on the output required
by the steel industry and all other industries
supplying input to the auto industry.

Although input/output models are basically
a tool for macroeconomic analysis, their im-
portance for  environmental  and resource
policy is that they can be modified or extended
(by using additional matrices of appropriately
defined coefficients) to compute pollution
residuals and material resource requirements
for  a  given level  of  economic act ivi ty.
However, as noted, only the demand side of
the economy is considered, although SEAS has
been developed to the point where certain
feedback effects between supply and demand
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have been taken into account. It also must be
pointed out that, while it is easy to extend the
analytical input/output framework to incor-
porate both materials residuals and material
resources, it requires a considerable amount of
time and effort to develop the required data
base, with the data collection and reduction re-
quirements becoming more severe as the level
of disaggregation of either industry sectors or
material groups increases.

c .  L inear  Programming  M o d e l s .  T h e
capabilities of linear programming models to
format materials production and distribution is
illustrated in the information flow summaries
of figure IV-3 for four such models: (1) BESOM
(Brookhaven’s Energy System Optimization
Model), (2) FREPAS (USDA Forest Range En-
vironmental Production Analytical System),
(3) PIES (FEA’s Project Independence Evalua-
tion System), and (4) QMCWEM (Queen Mary

Figure IV-3. Linear Programming Model Information Flow Summary

A
I npu t

\ (
output

. Supply constraints by type of energy
resource

. Demand constraints by type of end
use

● Environmental constraints

Minimum cost production-distribution
activity levels for combinations of

BESOM . 26 supply categories

● 16 end-use categories

. Other (ad hoc) constraints ) (

B
I npu t o u t p u t

. Product requirements by 22 types Minimum cost resource unit-land use
practice activity levels for combination of

. Land constraints by 34 types
. 34 resource categories

. 18 land use categories

c
I npu t

. Supply constraints by region and by
type of energy resource

. Demand constraints by region and by
type of end-use

o u t p u t

● Minimum cost production-distribution
activity levels for combinations of a
given set of resources categories,
end-use categories, and regions,

I npu t

. Forecasts of world petroleum de-
mands by 300 product groups for 22
world areas

. Price of marginal crude 011

● Capital and operating costs

. Crude resources, refining capacities
and tanker capacities constraints ,

QMCWEM
●

o u t p u t

Equilibrium prices of oil and gas
products by product groups and
world areas

Minimum cost program of world-wide
refinery construction (by size, 12
types of processes and 22 world
areas) and tanker construction (by
size)

106



CHAPTER IV

College World Energy Model). In contrast to
the input/output models’ rudimentary treat-
ment of the supply side of the economy, linear
programming models provide a detailed treat-
ment. The supply structure is the web of ex-
traction, processing, conversion, and transpor-
tation activities required to make materials ac-
tually available for use by industry and the
final consumer, These activities can be repre-
sented conceptually in the form of a network
and, for the case of several materials measura-
ble in the same physical units (e.g,, energy
mate r ia l s  in  BTU’s) ,  a re  amenable  to
mathematical formulation as a linear program-
ming model.

The treatment of the demand structure of
the economy in BESOM, FREPAS, and QMC-
WEM is limited to an exogenous specification
of demand requirements for the various
materials, PIES offers more macroeconomic
content. It has been developed to provide a
comprehensive framework within which to
evaluate specific energy policy issues and
changing world and domestic conditions and
to assess the impacts of alternative policy op-
tions. Specifically, it is designed to generate
projections and impact assessments required
for Project Independence, including planning
estimates depicting possible states of the U.S.
energy system, recognizing the effect of rela-
tive prices, the potential for fuel substitution,
and the technological constraints on energy
supplies. PIES is composed of an econometric
demand model and a linear programming sup-
ply model coupled together, and it forecasts
both quantities and prices of fuels on the basis
o f  a  marke t -c lea r ing  mechan i sm which
iteratively yields a balance between supply
and demand. More specifically, the demand
model is embedded in the supply model. In
searching for the equilibrium point between
supply and demand, the model iterates in a
recursive fashion until the market-clearing
prices and quantities of energy products for a
given year are found. The demand model used
by PIES does not offer as much detail on the
demand structure of the economy as the pre-
viously discussed input/output models, but it

does provide the means for examining policy
questions that can be stated in terms of
changes in supply and demand curves,
modification of energy production distribution
technologies, or operational constraints on the
energy supply system. However, an unlimited
physical availability of fuels is still implicitly
assumed, and there is no provision for con-
sideration of second-order effects.

d. Break-Integration Method of Combin-
ing Models. The process of using models to
p r o d u c e  m a t e r i a l s  i n  f o r m a t  i o n  f o r
policy makers involves both human judgment
and data processing. Although in theory much
of the judgment might be programmed into the
models, in fact, a break-integration concept—
whereby human judgment interacts with the
various models for any given analysis—pres-
ently offers the most effective way to utilize
available models. Thus, in forecasting the de-
mand for a given material, the analyst will
break in between the analysis of the time
series and the computation of the forecast to
select the appropriate forecasting model.
Similarly, in assessing the economic ramifica-
tions of demand or supply adjustment options
to solve an anticipated shortage, the analyst
will break in after exercising the respective
materials consumption and production models
in order to analyze intermediate results.

Figure IV–4 depicts a concept for a break-in-
tegrated policy analysis facility, The system is
composed of a data base, a number (n) of
forecasting and impact assessment models, a
master model, and a man/machine interface,
For a materials policy support facility, the n

models could be, for example, the nine models
outlined in figures IV-1 through IV–3, Each
model includes its own individual data base in
addition to the generic data base. Furthermore,
each model can be used either individually or
in conjunction with other models via the
master model, The master model would pro-
vide the interface between the analyst and
each model, and between each pair of models.
To interface between the analyst and the data
base, the master model would include data
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analysis programs and model-building tech-
niques in addition to tabular and graphic dis-
play capabilities. To interface between the
analyst and the models, the master model

Figure IV-4. Concept of a Break-Integrated
Policy Analysis System

Data

I

/

+

would include programs to access and exercise
each one of the models. Furthermore, for one
or more pairs of mutually complementary
mode l s ,  i t  wou ld  inc lude  p rograms  t o

transform the output of one model into input
for the other model. In order to validate the
decisions of the analyst at the break, his ac-
tions should be recorded along with the
reasons for his selection,

A c t i v e  i n v o l v e m e n t  at t he  b reak  by
policy makers would be another way of ensur-
ing valid decisions. In any case, policy makers
should understand the assumptions that were
made in running and/or integrating the various
models. As an example, the break-integration
method could be used in an analysis of the use
of energy materials in the United States, This
involves consideration of energy requirements
and the energy production and distribution
system. These systems interact; moreover,
they are affected by foreign considerations.
Thus, a domestic economic energy system
model, such as INFORUM, should be comple-
mented with an international model, such as
QMCWEM, Because of the difficulties associ-
ated with operating large-scale models, it may
not be possible to accomplish their full integra-
tion. However, it may be possible to develop
the capability to exercise both models by using
the break-integration technique. The structure
and information content of INFORUM and
QMCWEM, presented in figures IV-2 and
IV–3, are indicative of some of the interfaces
that would have to be worked out to use them
in a break-integrated fashion.
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D. REQUIRED IMPROVEMENTS IN MATERIALS INFORMATION SYSTEMS

Although  the  rev iew was  necessa r i ly
limited, and the results should be interpreted
with care, several areas of deficiency, vis-a-vis
the integrated capabilities were noted. With
respect to the ways agencies (a) collect, han-
dle, and analyze data and (b) present resulting
information, there appear to be six key areas in
which significant improvements would have
to be made to achieve the kind of performance
envisioned in the integrated capabilities.
These are summarized in table IV–8 along
with an assessment

1. Completeness

of their criticality.

of Data Bases

Among the most serious deficiencies are in-
sufficient data on private domestic reserves
and inadequate data on foreign holdings,
resources, reserves, productive capacity, con-
sumption, etc. The number of materials now
covered by existing systems may also be in-
adequate for the integrated capabilities. For
example, the Bureau of Mines’ MAS currently
has reasonably complete coverage on only four
minerals; plans are in place to increase that
coverage to 36 minerals over the next 5 years.
In addition, current systems do not cover all

the different kinds of data
system would require. Thus,
more complete information
would need to be acquired.

2. Accessibility

the improved
for example,
on recycling

This problem area refers both to problems in
obtaining needed data, primarily from private
industry, and in transferring data and informa-
tion among agencies. Experience of existing
materials information systems in acquiring
data from industry show these issues to be par-
ticularly sensitive. Controversy abounds on
the merits of setting voluntary versus com -
pulsory submission requirements. Many of the
agencies, often those that have established
close working relationships with industry,
believe that voluntary methods yield higher
quality data than do mandatory regulations.
Other agencies feel  that  only mandatory
methods can ensure necessary completeness
and reliability. There appears to be little objec-
tive experience available to weigh the claims,
Experiments to perfect techniques for collect-
ing geological and other kinds of data via
remote sensing from satellites are underway.
Such a capability could make it easier to obtain
needed  in fo rmat ion , e spec ia l ly  in  un -
developed areas where data on resources and

Table IV-8.-Criticality of Problem Areas in Selected Systems

Information
System
Elements

Complete- Acces-
ness sibility

Data
Collection

Data
Handling

Analysis

Reporting

Serious

Moderate

Moderate

Serious

Critical

Serious

Moderate

Serious

Problem Areas

Standard- Reliability/
ization Accuracy

Critical Serious

Serious Moderate

Moderate Serious

Moderate Moderate

Critical-Critical level of concern; critical need for improvement inferred.
Serious—Serious level of concern; serious need for improvement inferred.

Moderate

Serious

Moderate

Serious

Serious

Not
Applicable

Critical

Not
Applicable

Moderate-Moderate level of concern; occasionally cited as area in need of improvement.
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reserves are sparse. Early results are promis-
ing. However, much refinement is apparently
needed before fully practical satellite systems
can be applied. 2

W i t h  r e g a r d  t o  d a t a / i n  f o r m a t i o n
transferability, the review indicated that only
a limited interchange was being made among
agencies at the unprocessed data level. Most
information transfer occurs via formal, serial
reports published by the various agencies.
Sharing of information at the raw data level
and use of processed results before formal
publication (conditions inherent in the con-
ceptual system) have been inhibited by several
factors, Because of agreements made with
firms supplying needed information, some
data is not available to all interested parties;
for example, data collected by ERDA was not
made fully available to the Bureau of Mines,
Often, an interested party does not know that
the desired information exists, or the data is
not available in a suitable form to enable
transfer from one agency to another, Even
when the information exists in a computerized
format, differences in format and definition
often make it difficult for a second party to un-
derstand it,

3. Standardization

This problem area refers both to common
standards and data formats (technical details)
and to the more difficult issue of establishing
common definitions of terms. Shared use of
current systems is impeded by inconsistent
use of units of measure (long versus short ton);
confusion over meanings of terms (bauxite
and aluminum are used interchangeably); and
incompatible time-tagging of data (some data
corresponds to shipping date, other data to

~Experiments  to perfect these methods are underway.
A new satellite, LANDSAT D, with approximately three
times the resolution of current satellites. LANDSATS A
and B, is planned to be launched, but not before 1981.

contract date), These conditions introduce
double counting and gaps and limit the ability
to compare and aggregate data from different
sources. It is particularly troublesome to the
industrial user of the information, who nor-
mally has no means to reconcile inconsisten-
cies.

4. Reliability/Accuracy

While each agency applies judgment in ac-
cepting data submitted to it, there appears to
be limited formal opportunity or technique to
validate input. This applies particularly to data
submitted voluntarily, but it also applies to
data which must be provided by law.

5. Timeliness

This problem area refers to the turnaround
time in responding to requests. Timeliness
does not appear to be a critical constraint.
However, it would be an important considera-
tion in responding to unanticipated shortage
situations. For many planning studies, the ac-
ceptable turnaround time may be measured in
weeks, but for crisis situations, it may be days
or even hours. Assuming other system defi-
ciencies (completeness of data bases, standard-
ized formats, etc. ) have been reconciled, im-
proved  t ime l iness ,  i f  needed ,  cou ld  be
achieved (but at higher cost) through use of
more powerful data processing hardware.

6. Statistical/Analytical Capability

This problem area refers to the use of
forecasting models. The review disclosed that
while no agency was using models covering all
the funct ions included in the integrated
capabilities, many agencies were experiment-
ing with using several models akin to those
discussed here.
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E. SUMMARY

The large number of agencies operating
materials information systems, each focusing
on particular aspects but dependent on many
agencies’ systems for input data, confirms the
need for more integration. The existing array
of Government systems provides a strong
starting point for that development. Many of
the deficiencies noted in the systems ex-
amined here have been recognized by their
developers. In many cases, programs are un-
derway to correct  them. part icularly in
upgrading the data bases.

It should be recognized that some of the ex-
isting systems have been in the developmental
phase for decades; most of the more automated
systems are relatively new. Almost all were
designed to address specific, pressing single-
agency problems. Coordinating and integrating
them, particularly as they expand, to achieve
the kind of functions envisioned in the inte-
grated capabilities will present a significant
challenge, The options for effecting this
upgrading are discussed in the next two chap-
ters.
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