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PREFACE

This Interim Technical Report describes the research activities under-
taken during Tasks 1 and 2 of ARPA-supported contract number MDA903-76-
C-0255 entitled "Developmental Methodologies for Medium- to Long-Range
Estimates." The report elaborates the theoretical, empirical, substan-

tive, and methodological aspects of the first two phases of this project.

Chapter 1 is by far the most complex and detailed chapter in the report.
It reviews the existing JCS/J-5 family of models, identifies areas where
the CACI research staff felt improvements in each could be made, presents
specifications of all improved forecasting equations, and presents the
results of all empirical tests performed so far. Chapter 2 focuses on
the two innovations that enrich this third generation model, namely, the
addition of China to the superpower influence set and the introduction

of the capability to stimulate the impact of government change.

Chapter 3 deals with the technical aspects of the interactive program
development and provides the logical structure on which this important
advance is based. Chapter 4 treats Soviet force effectiveness, focus-
ing on the conceptual and methodological requirements for modeling Soviet
force effectiveness and presenting accomplishments in developing the
interactive computer program to allow analysts to produce measures of

total Soviet force effectiveness.
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EXECUTIVE SUMMARY

This Interim Technical Report describes CACI's progress to date on
Defense Advanced Research Projects Agency (ARPA) contract number MDA903-
76-C-0255. The research, which began in March 1976, will improve the
capability of the Defense Intelligence Agency/Directorate for Estimates
(DIA/DE) to forecast important factors that define the international
military environment and have implications for long-range, national

intelligence estimates.

This project, "Developmental Methodologies for Medium- to Long-Range
Estimates," represents the fourth phase of CACI's development of new
technologies to enhance forecasting capabilities within the Department
of Defense (CACI, 1975b, 1974, 1973). Each effort has improved the
long-range forecasting capability within the national security commu-
nity by applying social science research methodologies to long-range
forecasting of important economic, political, military, and social
variables. Furthermore, each effort has generated technological
innovations that enhance the reliability, accuracy, relevance, timeli-
ness, and hence the credibility of long-range forecasting for defense

policy and planning.

The current project has four objectives:

1. Refining and equalizing forecasting models developed
for Europe, Latin America, sub-Saharan Africa, and
the Middle East, previously developed under contracts
DAHC-15-71-C-0201 and MDA903-75-C-0179 for the Joint
Chiefs of Staff (JCS/J-5).

2. Enriching the existing models by includiug the People's
Republic of China (PRC) as a major actor in the super-
power simulation capability and adding the option to
simulate the impact of political regime changes.

3. Developing a model to project future Soviet force
effectiveness, based on the Defense Intelligence

E-1
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Projections for Planning (DIPP), including the capac-
ity of the Soviet Union to improve the quality and
quantity of its major weapons systems and pose
increased threats to U.S. interests.

4. Implementing both the improved forecasting models
and the Soviet force effectiveness model on the
Defense Intelligence Agency On-Line System (DIAOLS)
with a user-interaction capability to permit DIA
analysts to forecast alternative futures by altering
data, superpower behavior, or regime types, and/or
forecast parameters by simulating different condi-
tions a~/or assumptions.

PROGRESS TO DATE

This Interim Technical Report describes research activities undertakzn

to complete project Tasks 1 and 2.

Task 1.

Further Develop, Equalize, and Adjust International Region

Projection Models

Four subtasks are subsumed under Task 1.

Subtask 1-A. Update the European forecasting model to
the level of sophistication of models for Latin America,
Africa, and the Middle East by increasing model complex-
ity and collecting new data.

Subtask 1-B. Add the People's Republic of China to the
potential influence set that currently includes the United
States and the Sovi:t Union.

Subtask 1-C. Develop submodels linking the impact of
changes in national leadership orientation to the current
long-range forecasting models for Europe, the Middle East,
Latin America, and Africa.

Subtask 1-D. Adjust the existing programs to permit
direct user interaction and simulation of alternative

futures through on-line alteration of data files and
rarameters.

E-2
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Task 2. Develop Total Soviet Force Effectiveness Model

Two subtasks are subsumed under Task 2,

Subtask 2-A. Review approaches to assessing Soviet total
force effectiveness using information produced in the
Defense Intelligence Projections for Planning On-Line
System (DIPPOLS) and select the best method for building
a force effectiveness model.

Subtask 2-B. Develop an interactive computer system allow-
ing DIA analysts, using information from the DIPP, to pro-
duce measures of total Soviet force effectiveness.

In completing Tasks 1 and 2 CACI has

e Carefully reviewed the forecasting models for Europe,
the Middle East, Latin America, and Africa, and

- Examined each forecasting equation both from a
substantive and a statistical perspective;

- Specified, whenever necessary, new equations for
an: region;

- Identified and collected the necessary data to
evaluate new equations;

- Improved the presentation of forecast variables
such as those describing intermational economic
and political alignment.

e Upgraded the European model to the complexity of the
more recently generated, less-developed regional models

by

- Identifying and collecting appropriate data to
reestimate region-specific parameters for equa-
tions commensurate with those for the Middle
East, Latin America, and Africa;

- Identifying and collecting time-series data to
generate country-specific economic parameters
on investment, consumption, imports, exports,
and domestic product;

- Adjusting the rival defense spending in the
less-developed regional model to reflect the
importance of the European military alliances
to that region;

E-3
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Structuring the revised equations into an inter-
active forecasting model for the European region.

e Added the People's Republic of China to the set of super-
powers by

Identifying the quantifiable major dimensions of
Chinese foreign policy and behavior;

Specifying equations to be tested for each region
in which the Feople's Republic of China has shown
interest;

Assembled data on PRC trade, aid, military aid,
and cooperation for parameter estimation.

e Improved the existing regime change mechaniem to give
DIA analysts flexibility to simulate regime changes by

Refining and increasing the number of government
types from three to five;

Identifying a specific subset of equations
empirically demonstrated to react to regime change;

Generating alternative parameter sets for each
regime type to replace existing parameters when a
government change is simulated.

e Developed a user-interactive capability by

Constructing a main control program to guide the
analysts through the forecasting models;

Constructing a '"preprocessor" to control access
to data, parameters, superpower behaviors, regime
change parameters;

Altering the existing forecasting program struc-
ture to include the European region, Chinese
influence, and the regime change module, and to
accommodate changes in the basic forecasting equa-
tions and the presentation of actual forecast
output.

o Reviewed approaches to measuring Soviet force effective-
ness and, in consultation with DIA/DE,

Determined concepts relevant to evaluating Soviet
force effectiveness such as lethality, accuracy,
and survivability;

Identified DIPP and DIPPOLS components relevant
to calculating Soviet force effectiveness;

E-4




- Jpecified methods for aggregating DIPPOLS data
into meaningful combinations for presenting and
forecasting Soviet force effectiveness.

® Began structuring an interactive computer program to
produce measures of total Soviet force effectiveness
from existing DIPP files.

These technological innovations advance considerably the long-range
forecasting and simulation capability currently available to the national
security community. Once completed, the regional forecasting/simulation
models will permit defense analysts to evaluate different assumptions
about improving or deteriorating national and international conditions,
improving or deteriorating relations between a specific country and the
United States, the Soviet Union, or China, or the increasing or decreas-
ing influence of any predictor variable or variables in the forecasting
model. Finally, upon completion analysts will be able to assess how
well-equipped the Soviet Union is to handle certain projected interna-

tional environments given projected force levels and structures.

Having completed most of the model restructuring and interactive program-
ming, CACI's immediate concern is to implement the interactive portion of
the long-range forecasting model on DIA's Honeywell 365 to evaluate its
logic and to develop, in consultation with the cont-act monitor, additional
sections to facilitate use of the forecasting/simulation model. Simulta-
neously, CACI will continue to develop its Soviet force effectiveness

model and its linkages to the international regional forecasting models.




CHAPTER 1. EQUALIZING THE LONG-RANGE FORECASTING MODELS

This chapter describes the research strategy for equalizing the long-
range forecasting models developed by CACI for the Joint Chiefs of Staff
(JCS)/J-5, Long-Range Branch (CACI, 1974, 1975a, 1975b) under two sepa-
rate projects supported by the Defense Advanced Research Projects Agency
(ARPA). The first project, focusing on Europe, produced a model to gener-
ate long-range forecasts of national economic and military power base,
international trade, international alignment, international conflict,

and domestic instability. The second project produced more elaborate

forecasting for Africa, Latin America, and the Middle Past.

Because the countries modeled in the two projects differ considerably,
and because important research and development advances were made in

the first project that permitted further advancement in the second, the
two generations of forecasting models differ greal.y. Relatively s!mpler
structures for Europe were expanded to more complex models for Africa,
Latin America, and the Middle East. Region-specific forecasting para-
meters for Europe were supplemented with region- and country-specific
parameters for the less-developed regions. More output variables are
forecast for the African, Latin American, and Middle Eastern models, and

an initial simulation capability was also added for these regions.

The current effort standardizes or equalizes the model structure, input
and output variables, forecasting equations, and simulation capability
across all the models. This chapter discusses the research necessary to
equalize the complexity of the models for all the regions. Hence, it
presents efforts that included

o Reviewing the European and less-developed region models
for substantive empirical similarities;
e Standardizing theoretical equations for which parameters

would be generated;

1-1




T

o Collecting necessary data and estimating forecasting
parameters; and

® Assembling the newly tested forecasting equations,
equalized across all four regions, into a new long-
range forecasting model.

The chapter is arranged by model sector beginning with domestic economics,
followed by a discussion of the international economic sector. Economic
and military aligament are then treated, followed by international polit-
ical alignment. The last three sections focus on military power base,

and domestic and international violence. Each section focuses on the fore-
casting equations describing a particular sector. Each sector is discussed
from both theoretical and empirical perspectives. Past research findings
that guided specification of the initial, theoretical forecasting equations
are discussed and summarized in a table on the hypothetical relationships
among variables for the specific regions. The research findings generated
through tests of these relationships (derived from the regression analyses)
are then presented. The resulting parameters are used in the forecasting

model discussed in this report.

THE ECONOMIC SECTOR

Theoretical Considerations

Two quite different approaches to depicting the economic sectors are
found in the current JCS/J-5 long-range forecasting models. The simplest
perspective is presented in the European region model (CACI, 1974) where
the economy is not disaggregated but only considered as gross domestic
product (GDP). Values on current GDF, in turn, are predicted from prior
GDP values. No effort is made to predict the various components of GDP.
Contrasted with this is the much more complex approach used in the models
for Africa, Latin America, and the Middle East, which attempts to forecast

both aggregate national output (GDP) and its various components (investment,

consumption, trade) as a classic Keynesian, demand-driven system. A series

of predictors of the components of GDP are employed in this approarh and

1-2
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the GDP is then computed as an identity (where GDP = consumption +

1
investment + exports - imports).

While the more complex economic sectors for the less-developed regions
permitted country-specific parameters to be developed, they also created
numerous parameter estimation problems and limited gain in the accuracy
of the results, Moreover, recent CACI (1976a, 1976b, 1976c) research on
the economies of the members of the Organization of Petroleum Exporting
Countries (OPEC) determined that the behavior of economic sectors, even
in countries that have had substantially expanded revenues, could be pre-
dicted with relatively simple forecasting equations. Hence, sultably
accurate, simpler country-specific estims.ion procedures (combining the
best of the two existing approaches) were used in the current version of

the model.

Table 1 presents the hypothesized structure of the economic sector for

the new equalized model that is estimated for all regions.2 It describes
a simplified economic sector that is assumed to produce accurate forecasts
for each country. The economic sector presented in the table is based on
lagged, autoregressive, time-series analysis. The parameters generated
from such analyses are compound growth races that describe the historical
rate of expansion for the economy.3 Each of the equations identified in

Table 1 can be algebraically expressed as

= + +
Ye 7 © Byt-l €

1 An elaborate discussion of this sector for Europe is found in CACI
(1974). The sector is discussed for Africa, Latin America, and the Middle
East in CACI (1975a). The discussion in that report focuses on CACI's
assessment of the economic sector model in the model for the less-developed
regions.

Appendix A lists all countries included in the four regions.

Two separate, lagged autoregression analyses were done for all 90 coun-
tries. First, the dependent time series was regressed onto a lagged time
series of the same variable (autoregression). In every regression, change
in gross domestic product (AGDP) was also entered. Second, these regres-
sion analyses were repeated without the change variable. Since the impact
of AGDP was negligible, this alternative was discarded.

1-3
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where e is a time series of an economic variable, and Yeo is a lagged
value of the same variable.4 This form is precisely that required for

the ordinary least squares (OLS) estimation.5

Simplifying the model so that it is based on lagged behavior accomplishes
several goals. First, the lagged model parameters smooth the rather wild
fluctuations that chara “erized less-developed economies during the late
1960's. Thus, the resulting growth rates more accurately reflect economic
growth.6 In the more economically stable European region, a parsimonicus
economic sector means that the forecasts are based on accurate growth rates

that ensure more precise projections.

i This form is linear, but nonlinear formulations are equally reason-
able. What is most important from the forecaster's viewpoint, however,
is the ability to interpret the forecasts. Using unnecessary transforma-
tions to increase explained variance produces output that is more diffi-
cult to translate into real world obseivation.

> Although this form is the simplest kind of growth equation, a com-
pound growth form is also appropriate for specifying growth parameters.
The compound growth formula gives an average growth rate for a variable
based on the first and last years of a time series.

n
Now = YO (1 + 1)

t
Where:
Yo = initial value of y,
Yt = final value of C,
r = annual compound rate, and
n = number of time between
Yo and Yt
6

The late 1960's and early 1970's were periods of great uncertainty
for the international economic system. Both commodity prices and
national currency exchange rates suffered greatly from market uncertain-
ties and inflation. Economic downturns in the United States during the
1970's only exacerbated these problems.

1-5




Although the new submodel sacrifices complexity, it also aids overall
forecast stability in other sectors. Because the economic submodel
influences several other sectors of the model, incorrect, exaggerated,
or depressed economic projections help to producc inaccurate forecasts
in the other parts of the model. By 3implifying the economic submodel,
greater stability is assured for all forecasts. Additionally, using
parameters that reflect a country's past growth captures many intrinsic
forces operating in a particular ccuntry. While the model assumes that
future growth will follow historical trends,7 the analyst is forced to
think in terms of past performance or annual growth rather than about a

large number of complex (and often needlessly confusing) relationships.

Finally, reducing the complexity of the economic sector balances the
influence of all model sectors move evenly. Simplifying the economic
sector eliminates compounding data error, which is a particular problem
in the less-developed regions (CACI, 1975a: 33-43), as the model cycles
through 20 years of forecasts. In a model with numerous interactive
relationships, data crror is circulated throughout the system of equa-
tions. Error grows with the data and the forecasts become increasingly
problematic over time. Thus, the fewer linkages that the model has,
that is, the simpler and more parsimonious its structure, the less ten-

dency there is for error to be compounded.

Research Findings

Appendix C, Tables 1-6 present the regional and country specific para-

meters for imports, exports, consumption, and investment. The first

Note that the nature of empirical relationships described by statis-
tical information subjected to quantitative analysis is discussed here.
These analyses are used to (1) structure the forecasting model, (2) set
initial forecasting parameters, and (3) identify base year data for fore-
casting. With the capability to simulate alternative futures, both data
and paramecers can be changed. Therefore, this assumption can be tested
when parameters or data in the economic submodel are altered.
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two tables display the regional parameters for imports and exports.
Table 3 presents the growth parameters for both of these variables for
each of the individual countries covered in this research. The fourth
and fifth tables are composed of the regional parameters for consump-
tion and investment, while Table 6 gives these same data for specific

countries.

The time series covered for the countries vary greatly. Although an
attempt was made to gacher data from 1955-1970 for each, this prcved
impossible for some countries in the less developed regions. Hence,
variations from the 1955-1970 time series are noted on the appropriate
tables in Appendix C. Additionally, data were collected in current
U.S. dollars, meaning that the historical inflation rate is built into
the measure. Thus, the figures presented on Tables 1-6 are growth in
selected economic variables including expansion due to inflation.
Given the 20 year forecasts that are to be produced from these data,
including the historical inflation rate seemed more realistic than

computations for 90 countries based on constant U.S. dollars.

Examination of Tables 1 and 2 indicates that the four regions averaged
between 8 and 12 percent growth in imports and between 4 and 17 percent
growth in exports over the periods covered. Latin America (with 12 per-
cent growth in exports) had the largest growth in each category. Africa
and Latin America imported from 2 to 8 percent more than they exported,
contributing to the collective balance of trade deficit for countries

in these regions. Europe and the Middle East exported from 2 to 7 per-
cent more than they imported, creating a healthy regional balance of
trade surplus. Countries within each of the regious varied greatly,

however, as Table 3 demonstrates.

Tables 4 and 5 document the growth of consumption and investment in the
four regions. Growth in investment varies from a regional high of 12
percent (for Africa) to a regional low of 9 percent (for Europe). Con-

sumption ranges from 7 percent growth in Europe and the Middle East to
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11 percent growth in Latin America. 1In all regions but Latin America,

the regional average growth for investment exceeds average regional

growth for consumption. In Africa and the Middle East investment exceeds
consumption by 4 percent, thereby laying the foundation for sustained
ecocnomic growth and development. Latin America has a 1 percent deficit,
however, as consumption exceeds investment. When combined with the most
severe of the regional average trade deficits, the prospects for con-~
trolled economic development in Latin America appear particularly bleak

if historical growth patterns persist. Again, as with imports and exports,
Table 5 shows considerable variation across each region for the growth of

investment and consumption.

INTERNATIONAL ECONOMIC INVOLVEMENT SECTOR

Theoretical Considerations

Table 2 represents the hypothesized forecasting equations for a nation's

international economic involvement with the United States, the Soviet

Union, and China. In all instances, the equations follow the same gen-

eral form as the imports from and exports to each superpower, respec-

tively, are a function of the wealth (GDP) of the country and the super- |
power, the population (POP) of the country and the superpower, and the |
U.N. voting alignment of the country with the superpower (VOTOUS, VOTOSU,

VOTOCH). Each super.ower is considered separately.

Each of these equations is predicated on findings from analysis done on
65 less-developed nations (CACI, 1975a, l975b)8 that consistently revealed

the influence of both exporter and importer economics and population on

These were regional time-series analyses in which the dependent var-
iable consisted of the imports or exports of all countries in a region
from 1960 to 1970. The independent variables were arranged in the same
form. When the dependent variable is regressed onto the four indepen-
dent measures, parameters on the extent to which change in the indepen~
dent variables produce change in the dependent are generated.
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dyadic (i-j, j-1) trade. In essence, this empirical evidence reveals
the interdependence among the GDP and population of exporters and impor-

ters in international economics.

Beccuse each equation that forecasts over time, dyadic trade between,
individual nations and one of the three superpowers contains GDPj and
POPj, it is necessary to project these variables as well. Thus, separate
forecasting equations of U.S., Soviet, and Chinese gross national products
(GNP) and population -- designated as USGNP, USPOP, SUGNP, SUPOP, CHGNP,
CHPOP -- must be specified. Based on previous findings (CACI, 1975b)
these equations include the prior value of the variable and a fixed

growth rate (c).9

1) GNPj (1 +¢) GNPj

(2) POPj (1 + c) PoP

3

Both of these equations establish a linear extrapolation of each super-

power's gross national product and population into the future.
|
J

Research Findings

OLS regression analysis was used to estimate parameters for each nation's
trade involvement with the United States, the Soviet Union, and China.

To ensure more stable parameters, the data were arranged in time series
by region. A region-wide regression analysis was then done.10 These
results for economic involvement (Tables 7 and 8 in Appendix C) reveal
that trade with the superpower:, especially the United States, is gen-

erally a function of a nation's economic well-being as a country's GDP

? These two variables are also manipulable in simulations (see Chapter 3).
An increase in U.S. or Soviet GNP, for example, arbitrarily altered by the
analyst may encourage trade between the superpower and the countries in a
region.

L0 The regression results for these economic involvement equations (Appen-
dix C) show a large number of cases. This is due to the additional years
of data in the time-series.
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is key to involvemert fn the international economic sector. GDP size

is indicative of a nation's ability to absorb goods and services. Thus,
GDP enters into the U.S. import equations (TIMUS) for each region.
Clearly, a country's ability to absorb U.S. goods and services 1is

enhanced or constrained by its GDP.

On the other hand, a nation's GDP is often indicative of the strength
and diversity of its economy. Diversification and irduscrialization
enable the production of more goods and services for export. Hence,

a nation's GDP should partially explain growth, or fluctuation, in its
exports to the United States. In addition, the size of a nation's
import market is a factor in international economic involvement. As

a result, a nation's population partially irfluences the size of its

imports from the United States.

Because international economics often reflects the operation of certain
international political forces, U.N. voting behavior was included to
test whether a country's political behavior in that organization could
influence its economic orientation. As Tables 7 and 8 reveal, this is

the case in several instances.

Interestingly, the TIMUS and TEXUS equations for each region contain
both the economic and political variables. VOTOUS also enters into each
regional equation. Indeed, the structure of each regional equation is
remarkably similar. However, this is not so in equations for Soviet
Union and China (TEXSU, TIMSU, TEXCH and TIMCH) where motivations for
trade with these two superpowers are far less systematic. As demon-
strated in Tables 7 and 8 of Appendix C, the lower multiple st and a
general mix of independent variables appear across regions for Soviet

and Chinese trade.

The picture is less systematic for China. Only in the equations for

Europe is consistent behavior exhibited. European interaction with
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China appears to be purely economically based. China clearly requires
basic and advanced manufactured and technological goods and services
from Europe. Europe's larger, more elaborate economies are thus excel-

lent trading partners for China.

China's relative isolation during the 1960's and its internal self-
sufficiency explain the paucity of strong results from the remaining
regions., However, the results presented in Appendix C are preliminary.
The parameters presented may vary when the final model is assembled.
Nonetheless, the regression results do accurately depict the interna-
tional economic structures of the four regions. Consequently, fore-
casts generated by the final equations should provide realistic projec-

1
tions on international economic involvement with the three superpowers. L

INTERNATIONAL ALIGNMENT SECTOR

International alignment is a key international relations concept that

is relevant to national security policy planning. Previous research by
CACI (1974) on Europe focused on political alignment with the Soviet
Union and the United States. Because international alignment is far
more complex in the less-developed countries, additional measures were
included to assess this behavior in the Africa, Latin America, and
Middle East models., The multidimensional character of international
alignment in the less-developed regions necessitated adding interna-
tional economic alignment and international arms alignment (CACI, 1975a,
1975b). International economic alignment was measured by the proportion
of exports and imports going to and from the two superpowers. Interna-
tional arms alignment was captured by important linkages between countries

composed of aid and trade in military hardware. Less-developed countries

11 International economic alignment is based on the forecast values of

a nation's activities with the three superpowers. International economic
alignment is calculated in the forecasting model after total trade (TRDTOT)
is calculated. The projections of TIMUS and TEXUS are summed and divided
by a nation's total superpower trade.
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are often dependent on a particular superpower for their arms. In Europe,
this linkage is much more voluntary and is characterized by international
arms trade rather than arms aid. A final, but less significant factor
that contributes to alignment is economic aid. This concept is measured
as the ratio between aid from one superpower and the total aid received
by a particular country. Of course, relative economic aid has little

current meaning in Europe.

International Economic and Arms Alignment

Table 3 shows the equations for international trade and arms alignment }
for all regions. Earlier research on international political alignment ]
(CACI, 1974, 1975a, 1975b) served as the model for developing the mea- %
sures of international economic alignment. Studies often identify direc- 1
tion and intensity as two key dimensions, of alignment. In the earlier |
research, CACI translated these two notions into quantitative measures
based on elationships of each country with the United States and the
Soviet Union. Each country was located relative to the two superpowers.
For the European nations, political alignmest alone was analyzed and
the countries were located relative to the United States and the Soviet

Union by their U.N. voting agreements with each.

This same measurement model was employed in the less-developed regional
analyses. As a result, each nation in the three less-developed regions
was identified as more involved with either the United States or the
Soviet Union (direction of alignment) and more or less involved with
both superpowers (intensity of alignment). Tu capture the important
international economic linkages that exist between the superpowers and
the less-developed regions, and to try to capture the influence of wili-
tary dependence, a similar approach was taken using relative trade and
relative arms transfers. Thus, values for each nation could be located
on trade, aid, and arms variables depending on the direction and inten-

sity of involvement with the Soviet Union. In Table 3, the dependent
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variables reflect the direction and intensity of involvement as TRADR
refers to the intensity of trade alignment with the superpowers and
TRADBUS reveals the extent to which a nation is economically oriented

toward the United States.

These dependent variables are calculated in the forecast of a particular
region. First a country's dollar value on future exports and imports to
and from each superpower is forecast using the equations discussed in the
last section. These are summed, giving total trade with each superpower.
The TRAD® values are then calculated as the ratio of each superpowvers
trade to total superpower trade. The TRADR values are the ratio of a
nation's trade with all superpowers to its total trade (exports and
imports) that is forecasted by the economic sector of the forecasting

model.

International economic alignment reacts both to growth in the economy

of a particular country and growth in the economies of the superpowers.
In a similar fashion, trends in military dependency are shown to follow
patterns of economic growth. However, in the current model arms align-
ment is not forecasted. Rather, it serves as an independent, manipu-
lable variable whose influence on other sectors of the forecasting model
can be altered by the analyst. Finally, because these international eco-
nomic and arms alignment variables are not directly forecasted, empiri-

cal analyses were unnecessary.

International Political Alignment

International political alignment for Europe and the less-developed coun-
tries has been discussed at length elsewhere (CACI, 1974, 1975, 1975b).
Those reports presented considerable detail to support the equations spe-
cified for generating forecasting parameters. To equalize the models,
the European voting equations were reexamined in detail. Operational
measures were ldentified to upgrade the European model and the European
alignment sector was completely redone. Table 4 shows the respecified

equations for U.N. voting alignment in Europe.
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The forecast equations for voting alignment for the three less-developed
regions were also carefully scrutinized. This effort produced a single,
less-developed region equation for voting intensity and voting direction
as the best approach to forecasting political alignment with the three
superpowers. Finally, aligument instability (ALINS) had to be modified

to accommodate China in the equation. Thus, alignment instability cur-
rently reflects the imbalance between political and economic alignment
with each superpower. However, only by looking at alignment instability
for each of the superpowers and comparing the extent of such Imbalances
can the analyst get a true feel for extent of disequilibrium in a nation's

alignment with any particular superpower.

As in the international alignment sector, VOTR refers to the intensity
of involvement with the three superpowers in U.N. voting. Thus, VOTR
reflects the extent to which a nation participates in issues involving
the superpowers in the United Nations. The VOTO measures refer to the
propensity of a nation to vote with (in the direction of) one super-
power. The independent variables hypothesized to explain voting inten-
sity and voting direction are also shown in Table 4. In Europz, involve-
ment intensity results from a combination of international and domestic
conditions. International forces are represented by trading involvement
(TRADR, LTRADR), past voting patterns (LVOTR), military hardware acqui-
sition over-time (ITOTA), and past conflict levels (LCONF). Government
type (GOVT) and economic well-being (GDPOP) are domestic factors liypoth-
esized to contribute to vote intensity. Although three separate equa-
tions are proposed for VOTR to capture subtleties in the rela