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PREFACE

This document is one of a secries of reports describing the research
activitics undertaken to complete Defense Advanced Research Projects
Agency (ARPA) supported contract number MDA903-76-C-0255, entitled
"Developmental Methodologies for Medium- to Long-Range Estimates. "
These reports describe the project's empirical, mecthodological, sub-

stantive, technical, and theoretical contributions.

The Final Technical Report is presented as a set of documents rather

than a single report. They are

e Executive Summary,
e Long-Range Regional Forecasting Models,
e The Soviet Force Effectiveness Model,

e User's Manual for the Long-Range Regional Forecasting
Models,

. ® User's Manual for the Soviet Force Effectiveness Model,
and

e Program Documentation for the Soviet Force Effective-
ness Model. ‘

The first three volumes substantively describe all rescarch tasks,
provide the rationale for research decisions, and report important find-
ings. The remaining four volumes document the two computer pro-
grams delivered to the Defense Intelligence Agency/Directorate for
Estimates (DIA/DE) for installation on the Defense Intelligence Agency
On-Line System (DIAOLS).

i bl .4



The Exccutive Summarybricefly describes the overall project. The vol-
umes on the regional forecasting model and the force cffectiveness
model, by far the most substnntivc and complex of the documents,
discuss the design and development of each of these models, respec-
tively. The first reviews the regional models, identifies areas where
improvements were made for DIA/DE, and presents the findings from
scnsitivity tests and computer simulations for Europe, the Middle East,
Latin America, and Africa. The second fully discusses the develop-
ment of the Sovict force effectiveness model. The volume is classified.
The remaining four volumes focus on the two computer models de-
livered to DIA/DE, A user's manual and program documentation have
been writtenthat provide all necessary information for using and main-

taining the models,
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PROJFECT OVERVIEW

This User's Manual describes one of two important analytical technol-
gies developed for the Defense Intelligence Agency/Directorate for
Estimates (DIA/DE) under Defense Advanced Resecarch Projects Agency
(ARPA) Contract No. MDAQ03-76-C-0255, designed to improve the capa-
bility to forecast important factors that define the international military
environment and have implications for long-range intelligence estimates.
Two user-interactive computer models were developed in this project.
The first enhances existing Department of Defense forecasting capa-
bilitics (CACI, 1975b, 1974, 1973) by applying social science research
methodologies to long-range forecasting of important economic, mili-
tary, and political variables. The second major product is a model
that enables DIA/DE to measure total Soviet force effectiveness for use
in estimative intelligence., Together, these efforts constitute technolog-
ical innovations that enhance the reliability, accuracy, relevance, time-
liness, and, therefore, the credibility of long-range  forecasting for
defensc intelligence estimates and planning. This manual describes the

user-initiated procedures for the regional long-range forecasting models,
This project had four objectives:

1. Refine and equalize the existing long-range fore-
casting models for Furope, the Middle East, Latin
America, and sub-Saharan Africa, previously devel-
oped under ARPA contracts for the Joint Chiefs of
Staff (JCS/J-5). v

2. Enrich the existing models by including the People's
Republic of China as a major actor in the superpower
simulation capability and adding the option to simulate
the impact of political regime changes.,




3. Develop a model to estimate future Soviet force effec-
tiveness based on the Defense Intelligence Projections
for P'lanning (D11’'1) document, imcluding the capacity
of the Soviet Union to improve the quality and quantity
of its major weapon systeins and pose increased threats 4
to U.S. interests,

4. Implement the enrviched for, ting models and the
Sovicet force effectiveness Il on the Defense Intel -
ligence Agency On- Line System (DIAOLS) with a user-
interactive capability to permit DIA analysts to fore-

cast alternative futures by altering data, supcerpower

behavior, or regime type, and/or forecasting param-

eters to simulate different courses of action.

ACCOMP LISHMENTS

All phases of the research were completed so that offices with estab-
lished DIAOLS linkages can access either the CACI regional forecasting

models or the Soviet force effectiveness model. As proposed,

e The regional forecasting mod- 1s have been standard-
ized at comparable complexity for Europe, the Middle
East, Latin America, and sub-Saharan Africa, and
China has been added to the superpower influence set;

e The capability to influence forecasts by simulating
regime changes was added and the models were made
user-intcractive;

e Sensitivity tests and simulations have been performed
with cach of the models, and the three programs asso-
ciated with the regional forecasting models (the pre-
processor, forecasting program, and report generator)
have been installed on DIAOLS;

e The Sovict force cffectiveness model has been developed
using information available in the DIPP on the number
and characteristics of Soviet weapon systems;




¢ An cquation was developed that selectively aggregates
weapon characteristics, interfaces them with DIPP
force level information, and generates estimates of
Sovict force effectiveness;

e A program for the Soviet force effectiveness model that
permits user-interaction with the weapons system data
and alternative assumptions about the growth and struc-
ture of Soviet forces has been implemented on DIAOLS
and is presently available.

The two computer models considerably enhance DIA/DE's forecasting
capability, as intelligence estimators can now generate andanalyze long-
range alternative futures for Europe, the Middle East, Latin America,
and Africa, or alternative estimates of Soviet force effectivencss. In
each case, the analyst has available a computer technology that permits
structures and assumptions of either model to be altered to reflect an
insight about the phenomenon being studied. Furthermore, the intelli-
gence estimator has guidelines on how to interface the long-range re-
gional forecasts with estimates of total Soviet force effectiveness. As
analysts become more familiar with both models, their sensitivities to
the implications of the generated forecasts and estimates will increase.
More questions will eventually be asked that will tax the limits of the
models. Finally, as they gain currency throughout the intelligence com-
munity, dcn‘mnds for increased sophistication and refinement can be

expected.

The models produced by this research integrate traditional academic
approaches and complex quantitative methodologies to develop tools that
can improve intelligence estimates. In addition, the rescarch interfaced
qualitative andquantitative techniques that are intermingledin any model-
ing effort. It also produced vastly improved, standardized, and user-

interactive versions of CACI's regional forecasting models.




Morcover, it produced the first generation of a user-interactive Soviet
force effectiveness model that relies on highly sophisticated intelligence
data., The lessons learned in completing these two major efforts should

be intenscly scrutinized by potential users.,

CACI's past efforts in developing the regional forccasting models have
involved collecting and organizing statistical information, applying sta-
tistical analytical techniques, examining the implications of data error,
designing and constructing forecasting models, designing and dcvclo;ain:;';
user-interactive programs, applying regional versus country-specific
forecasting cquations, and so on., Each effort has clearly improved the
reliability and validity of the regional forecasting models, thus advancing

considerably the credibility of forecasts.

Even with these advances, continuing technology assessments suggest a
number of unmet, yet very neccessary, steps which must be taken to
ensure that the best possible regional models are developed for the

national security community. Some of these are

. ® Develop worldwide medium- to long-range estimative
intelligence technologies. Currently, no model exists
for Asia. Limited efiort would be required to expand
the current system to include that region. Further,
the current structure contains the United States, the
Soviet Union, and the People's Republic of China as
influential superpowers. This set could, and should,
be expanded to include Japan and the major Western

Europecan countries.

action simulation.  While including additional super-

power influences is a substantial step toward improving
the realism of a worldwide model, only the independent
y 3




ceffects of the superpowers will have been modeled, The
action-reaction nature of superpower behaviors and the
impacts of such :\cti\"ity on other nations can now only be
indircctly simulated. These aspects can and should be
modeled in greater detail,

e Explore and apply methodolocies to enrich repional fore-

casts. Constraining the analyst's perspective to define
sels of countries geographically has, to some extent,
made modeling more difficult. One solution is to esti-
mate country-specific parameters, an approach that has
worked extremely well with the economic sector of the
current model. However, when data are insufficient or
inadcquate, the relationships among environmental vari-
ables should be modeled for similar types of countries,
These procedures should produce increasingly accurate
forecasts.

be intensely evaluated. As expected, the data inthe DIPP are more read-
ily available for larger weapons. Consequently, a force effcctiveness
model favoring the available data was developed. Thus, the effective-
ness of general purpose forces (raval, tactical air, and ground) is less
well assessed by the current model. During the project, CACI contin-
ually clarified DIA/DE's specific interests on Soviet force effectivencss.
For example, the distribution of off-line and on-line systems became
important, as did the distinction between nuclear and non-nuclear wea-
pons. Furthermore, distinctions as to the role of specific weapons
(either offensive or defensive) sometimes became important in consider -

ing weapon effectiveness.,

The current Soviet force effectiveness model discriminates between nu-
clear and non-nuclear weapons and off-line and on-line systems. It is

alsocapable ofaggregating different weapon systems to simulate specific

missions, Other advances can readily be made,




e Identify forces by geographical region, permitting
combinations of offensive and defensive capabilities
in spccific locations such as Europe, South Asia, and

China.

e Evaluate Sovict force effectiveness of weapons in both
an offcnsive and defensive role. This would consider -
ably enhance the intelligence estimator's knowledge of
the dimensions of force effectiveness and the overall
effectiveness of specific forces analyzed in the DIPP,

e Develop measures of U.S. force effectiveness for offen-
sive and defensive systems, located in selected geo- e
graphical areas, to compare with Soviet force effective-
ness measures. Such an analysis could eventually
develop new technologies for quantitative net assess-
ment,

Technology assessment is an ongoing process in which model builders
and model users review and try to improve the range and quality of

existing products. CACI's long-range forecasting models have been sub-

s

jected to precisely this kind of scrutiny. This discussion identified new

arcas where further improvements should be made. The same is true of
the Soviet force effectivencs% model. As more users become acqguainted
with it, technology assessment will begin. The resulting feedback will
contribute to the growth that must continue if forecasting and estimation
capabilities within the Department of Defense are to become part of the

policy-planning process in the national security community.




SOVIET FORCE EFI'ECTIVENIESS PROGRAM SUMMARY

Program Type:

Program Objective:

Program Features:

Program Input:

Program Output:

.
Program Language:
Computer System:

Developer:

Program Opecrations:

Interactive

Computation of the effectiveness of user-sclected
Soviet weapon systems for the years 1972-1981

A user is permitted to

e Select weapons by DIPP table or by

assigned mission,

e Examine questionable data values,

e Change any data values (except in the
permanent weapon data files), and

e Add new weapons.

e DIA DIPPOLS file

o CACI weapon atiribute file

e User-supplied information from the
terminal during program execcution

Tables showing the effectiveness of selected
Soviet weapons for the years 1972-1981.

FORTRAN
DIAOLS
CACI, Inc.-Federal

Shown in Figure 1
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PROGRAMMIR'S NOTES

1. The variables are defined in Table 1.

2. The 36 tables whose ID's are stored in array TLIST (sece lincs
2061 -3065 in subroutine lPﬁl‘) arc read from the DIA file. The
three DIA estimates are stored in the sin4g1c array, IW. Table
names to be entered by the user are stored in array NTABI (sce

lines 160-170 in the main program).

3. The DIA DIPP tables arec read at each program execution. No pro-
gram changes are required when changes inthe DIA estimates of the

numbers of weapons currently in the files are made.

4. If new weapons are added to the DIA files, the following changes

are needed:
e The names and attributes of the new weapons must be
added to the attribute file, '"CONDATAIL."

e The numbers of weapons in the tables must be updated
(array 'NTAB2').

e The initial value of 'NWP' must be reset.
e If more than five new weapons are added the dimensions

of arrays WPNID, IW, XW, and XWAST must be increased.

5. The starting yecar for the computations is 1972. It is controlled by
the variable, 'STARTYR', which is set to 72 in a data statement

(line 140). Changing this value will change the starting year. &

6. An annotated program listing is attached,
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TABLE 1

Decfinitions of Variables

Variable Dcfinition
WPNID(1) " Ith weapon identification code
IW(K, 1) Integer characteristics of the Ith
weapon’

K = 1-5, mission codes
K = 6, on-linc code
K = 7, nuclear code

K = 8, not currently used

K = 9-18, DIA's best estimates of
the numbers of Soviet
weapon I for the years
1972-19681

K =19-28, DIA's low estimates

K = 29-38, DIA's high estimates

XW(K,I) Attributes of the Ith weapon

K =1, Number of warheads
K =2, Yield

K = 3, Payload

K=4, CEP

K = 5, Reliability
K = 6, Velocity
K = 7, Vulnerability
XWAST(K,1) Sct to "' if the corresponding
attribute is estimated
NTABI (K) Name of the Kth of 12 DIA tables |
into which the weapons are organ- 1
ized '
NTAD2(K) Numbers of weapons in the Kth table
LTAB(K) Starting index of the Kth table >

Continucd

10
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Table: 1
Variables Definitions
Continucd

Variable
SMAX, VMAX
NATT (K)

KODS (1)

IWO(L), JWO(L),
XWO(L), IAO(L)

KODN(I)

1ICQ))

CACIFILE, DATFILE,
INDFILLEC

DUMMY, IFLAG, ISRT,
IPMAX, INDMAX,
RPTFILE, FACFILE,
NPREIIX

NWpP

MAXN

NAT
NTB
NMS

STARTYR

11

Definition

MAXIMA of velocity, vulnerability

Name of the Kth weapon attribute

Selcction code for the Ith weapon
) (58 weapon selected for printing;

0, weapon not selected

Storage arrays for initial weapon
attribute values and their indices

Code:

User-cntered weapon numbers for
the Jth year

Names of input f{iles

Common variables necded by the
'SUBATT!' and 'SEEK’ subroutines

Number of weapons read from DIPP
files

Maximum array size for weapon
data (allows space for five new
weapons to be added by the user)
Number of weapon attributes

Number of DIA tables

Not currcently uscd

Starting year (last 2 digits)
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