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PREFACE

This document is one of a series of reports describing the research

activities under taken to complete Defense Advanced Research Projects

Agency (ARPA ) su pported contract number MDA9O3 .-76-C-0255 , entitled

“Developmental Methodologies for Medium- to Long-Range Est imates . ”

These repor t s  describe the project ’s empirical , methodological , sub-

stantive, technical, and theoretical  contributions.

The Final Technical Report  is presented as a set of document s ra ther

than a sing le repor t .  They are

— • Executive Summary,

• Long-Range Reg ional Forecasting Models ,

• The Soviet Force Effect iveness  Model ,

• User ’s Manual f o r  the Long-Range Regional Forecasting
Models ,

• • User ’s Manual for the Soviet Force Effect iveness Model ,
and

• Program Documentation for the Soviet Force Effective-
ness Model.

The first  three , volumes substantively describe all research 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 A gency /Di rec to rate  for

Estimates’ (DIA/DE) for instal lat ion on the Defense Intelli gence Agency

On-Line Sys tem (DIAOLS). 

.I. _ _  _ _ _



The Executive Sumrnary bricfl y describes the overall project .  The vol.-

umes on the reg ional forecast ing model and the force effect iveness

• model , by far  the most substantive and comp lex of the documents ,

• . discuss the desi gn and development of each of these models , respec-

tively. The f i r s t  reviews the reg ional models , identif ies areas  where

improvements were made for DLA/DE~ and presen ts  the findings from

sensitivity tests  and computer simulations for .Europe , the Middle East ,

Latin America, and Africa.  The second full y discusses  the develop-

ment of the Soviet force effect iveness model. The volume is classif ied.

The remaining four volumes focus on the two computer  models de -’
• l ivered to DIA/DE . A user ’s manual and program documentation have

been wr i t ten tha t  provide all nece~~sary information for using and main-

taining the models.
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PROJECT OVERVIEW

This User ’s Manual  desc r ibes  one of two important  anal ytical technol-

gies developed for the Defense  Intel l i gence Ag e n c y / Di r e c t o r a t e  for

Est imates  (DIA/DE) under  Defense  Advanced  R e s e a r c h  Projec ts  A g e n c y

(ARPA) Con t rac t  No. M D A 9O3 - 7 6 -C - 02 5 5 , desi gned to improve the capa-

bility to fo r eca s t  impor tant  f a c t o r s  that define the i n t e r n a t i o n a l  m i l i t a r y

environment  and have imp licat ions for  long- range  intel l i gence  e s t i m at e s .

Two u s e r - i n t e r a c t i v e  computer  models  were  developed in this  p r o j e c t .

The f i r s t  enhances exis t ing  Depar tmen t  of Defense  f o r e c a s t i n g  capa-

- bilities (CACI , 1 975 b, 1 97 4, 1973) by app lying social sc ience  r e s e a r c h

methodologies to long- range  forecasting of i m p o r t a n t  economic , miii-

ta’ry, and poli t ical  var iab les .  The second major  product is a model

that enables DLA/DE to measure  total Soviet fo rce  effectiveness for  use

in est imative intelli gence. Togethe r , these e f fo r t s  cons t i t u t e  technolog-

ical innovations that enhance the rel iabi l i ty,  accuracy ,  re levance , time-

liness , and , there fore , the credibility of long- range  fo recast ing  for

defense in te l l igence  es t imates  and planning. This manual descr ibes  the

user - in i t i a ted  p rocedures  for the reg ional long-range  fo recas t i ng  models .

This project  had four object ives:

1. Refine and equal ize  the exist ing l o n g - r a n g e  fo r e -
• casting models for  Europe , the Middle Eas t , Latin

Amer ica , and sub-Saha ran  Afr ica , previous ly devel-
oped under  ARPA con t rac t s  for the Joint Chie fs of
Staff (JCS/J-5) .

~~ 2. Enrich the e x i s t i n g  models by includ ing  the Peop le ’s
Republic  of China  as a major  a c t o r  in the s u p e r p o w e r
sim ula t ion  c a p a b i l i t y and a d d i n g  the op t ion  to s i m u l a t e
the impact  of po l i t i c a l  reg ime changes .

1
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3. Develop a m odel to e s t i m a t e  f u t u r e  Soviet  force effec-
t i veness  based on the  D c f cn s e  In te l l i gence P r o j e c t i o n s
for P l a n n i n g  (DIr ’P) document , i n c l u d i n g  the  c a p a c i t y
of the Soviet  Union  to improve  the q u a l i t y  and q ua n t i ty
of i ts  major  weapon sys tems  and pose i n cr e a s e d  t h r e a t s
to U .S .  i n t e r e s t s .

4. Implemen t  the en r i ched  f o r e c a s t i n g  models  and the
Soviet f o r c e  e f f e c t i v e n e s s  model on the De fense  Intel-
ligence A gency On-Line  Sy s t e m  (DLAOLS ) wi th  a U s e r -
in te rac t ive  capabi l i ty  to p e r m i t  DIA anal y s t s  to fore-
cast a l t e r n at i v e  f u t u r e s  by a l t e r i n g  da ta , supe rpower
behavior , or reg ime t ype , a n d/ o r  f o r e c a s t i n g  pa ram-
eters  to simulate  d i f f e r e n t  courses  of ac t ion .

ACCOMP LISHMEN TS

All phases  of the r e sea r ch  were  comp leted so that  o f f i c e s  with estab-

lished DLAOLS l inkages can access  e i ther  the CACI r e g ional fo r e c a st i n g

models or the Soviet fo rce  e f f e c t i v e n e s s  model.  As proposed ,

• The reg ional f o r e c a s t i n g  moc.els have been s tandard-
ized at comparable comp lex i ty  for  Europe , the Middle
East , Lat in Amer ica , and sub-Saharan  Af r i ca , and
China has been added to the superpower influence set;

• The capabil i ty to inf luence f o r e c a s t s  by s imula ting
reg ime changes  was added and the models w e r e  made
u s e r - i n t e r a c t i v e ;

e ’ Sensi t iv i ty  t e s t s  and s imulat ions  have been p e r f o r m e d
with each of the models , and the th ree  p rog rams  as so-
d ated with the reg ional f o r e c a s t i n g  models (the pre-
processor , f o r e c a s t in g  p r o g r a m , and rep or t  g e n e r a t o r )

.
• have been ins ta l led on DIAOLS ;

• The Soviet force  e f f e c t i v e n e s s  model has  been developed
using i n f o r m a t i o n  ava i l ab le  in the DIPP on the n u m b e r
and c h a r a c t e r i s t i cs  of Soviet  weapon s y s t e m s ;

~~~~~~~~~~~~~~~~~~

2

-Ir-~~~~~~~ .* ~~~~~~ ——— - —--• .- . - .- - .- ------ - ••- • .-.- -- - -- - - .---~~~~~. .• —--• . ——- •.-  -

-

~

• —~~~‘ .~~~~~ .- •. ..— -• --~ -——- , —.-,- ~
-“---—, - - -

~~~•~ .~



• 
, . • . _ • . . .—•—-—•-•,“ •-—‘•—- 

-~~~~ — -• .•— •

• An equat ion  was developed that  se lec t ive l y a g gr e g a t e s
weapon cha r ac te  r i~;t ic  s , i n t e r f a c e s  them wi th  DIl ’P
force level  i n f o r mat i o n , and g e n e r a t e s  e s t i m a t e s  of
Soviet force  e f f e c t i v e n e s s ;

• A p rog ram for the Soviet fo rce  e f f e c t i v e n e s s  model that
• p e rmi t s  u s e r - i n t e r a c t i o n  with the weapons  sys tem data

and a l t e rna t i ve  a s s u m p t i o n s  about the g r o w t h  and struc-
tu re  of Soviet fo rces  has been imp lemen ted  on DIAOLS
and is p r e s e n t ly ava ilab le .

The two computer  models considerably enhance DLA /DE ’s f o r e c a s t i n g

capabil i t y, as intel l i gence es timators  can now g e n e r a t e  and ana l yze l on g -

range a l t e rna t ive  fu tures  for Europe , the Middle  East , Latin Am e r i c a ,

and Af r i ca , or a l te rna t ive  es t imates  of Soviet fo rce  e f f e c t i v e n e s s . In

• each case , the analyst  has available a computer  technology that  pe rmi ts

— s t ruc tures  and assump tions of ei ther model to be a l t e red  to r e f l ec t  an

insight about the phenomenon being s tudied.  Fu r the rmore, the intell i-

gence es t imator  has guideline s on how to in t e r f ace  the l o n g - r a n g e  ~e-

• gional fo recas t s  with est imates  of total  Soviet fo rce  e f f e c t i v e n e s s .  As

anal y st s  ~ ecorne more fam iliar with both models , their  sensit i v i t ie~ to

the implicat ions of the genera ted  fo r ecas t s  and est imate s will i n c r e a s e .

More quest ions  will eventual ly be asked that  will tax •the l imits  of the

models . Finally, as they gain currency throughout the intel l i gence corn-

munit y, demands for increased  sophist icat ion and re f inement  can be

expected.

• The models produced  by this r esearch i n t e g r a t e  t r ad i t iona l  academic

approaches and complex quant i ta t ive methodolog ies to develop tools  tha t

can improve in t e l l i gence e s t i m a t e s .  In addit ion , the r e sea rch  i n t e r f a c e d

qual i ta t ive and quan t i t a t ive  techni ques that  are  i n t e r m i n g led in any model-

ing e f f o r t .  It also p roduced  vast ly improved , s t a n d a r d i z e d , and user-

In te rac t ive  v e r s i o n s  of CACI ’s re g iona l  f o r e c a s t i n g  models .
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• Moreover , it 1) loclucecl the f i r s t  g e n e r a ti o n  of a u s e r - i n t e r a c t i v e  Sovie t

force e f f e c t i v e n e s s  model  that  r e l i c s  on hi ghl y soph i s t i c a t e d  in t e l l i g c n c e

data .  The lessons  l e a r n e d  in comp l e t i n g  t h e s e  two major  e f f o r t s  shou ld

be in t ense l y s c r ut i n i z e d  by poten t i a l  u ser s .

CACI ’ s pas t  e f f o r t s  in develop ing  the reg ional  f o r e c a s t i n g  mode l s  h a v e

involved c o l l e c t i n g  and o r ga n i z i n g  s t a t i s t i c a l  i n f o r m a t i o n , app ly ing sta-

t i s t i c a l  anal y t ica l  t e c h n i ques , examining the imp l i c a t i o n s  of da ta  e r r o r ,

desi gn ing  and c o n s t r u c t i n g  f o r e c a s t i n g  models , desi gning and develop ing

u s e r - i n t e r a c t i v e  p r o g r a ms , app ly ing reg ional  v e r s u s  c o u n t r y — s p e c i f i c

f o r e c a s t i n g  equa tions , and so on. Each e f f o r t  has c lea r l y improved  the

re l iabi l i ty  and v a l i d i t y  of the reg iona l  f o r e c a s t i n g  models , thus a d v an c i n g

considerably the credibility of forecasts.

Even with  these advances , continuing technology assessments suggest a

number  of unmet , yet  ve ry  n e c e s s a r y ,  steps which mus t  be t ab e~ to

ensure  that  the bes t  poss ib le  reg ional models  a re  deve lop ed  fo r  the

national s ecu r i t y  communi ty .  Some of these  a r e

• Develop wor ldwid e  medium-  to lon~~-ran~ e e s t i m a t i v e
intel l i g e n c e  t echn o1 o~~ies .  Cu r r en t ly , no model ex : st s

• for As ia .  Limi ted  e f f o r t  would be required to expand
the c u r r e n t  sys tem to inc lude  that  r e g ion. Fu r the r ,
the c u r r e n t  s t r u c t u re  conta ins  the Uni ted  S t a t e s , the
Soviet Union , an d the Peop le ’ s Republ ic  of China as
influent ial  s u p e r p ow e r s .  This set  could , and should ,
be expanded to include  Japan and the ma jor  W e s t e r n

• European c o u n t ri e s .

• De velop s t o c h a s t i c  m e c h a n i s m s  for  sup e rp ower  in ter -
acti on ~; i r n u I a t i o n .  While including additional super—
powe r in f l u e n c e s  is a s u b s t a n t i a l  s tep toward  i mp r o v i n g
the rea l i sm of a wor ldwide  model , onl y the i n d e p e n d e n t

4 
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e f fec t s  of the s u p e rp o w e rs  wil l  have been  modeled .  The
a c t i o n — r e a c t i o n  n a t u r e  of s u per p o w e r b e h a v i o r s  and the
impacts  of such a c t i v i t y on othe r na t i ons  can now onl y be
ind i rec t l y si m u l a t e d . These aspec t s  can and should be

• modeled in g r e a t e r  de t a i l .

• Exp lore  and  app l y r n e t h o d o l o c~ies  to e n r i c h  r e g i o n a l  fore -
cas t s .  C o n s t r a i n i n g  the  a n aiy s t ’ s pe r s pect ive to define
sets of countries geographicall y has, to sonic extent ,
made m o d e l i n g  more  d i f f i c u l t .  One solut ion is to esti-
mate c o u n t r y - s p e c i f i c  p a r a m e t e r s , an approach  that has
worked e x t r e m e ly well  with the economic sec tor  of the
current model. However , when data are insufficient or
inadequate , the relationshi ps among environmental vari-
ables should be modeled for s im i l a r  t ypes of coun t r i e s .
These procedures  should p roduce  i n c r e a s i n g ly a c c u r at e
fore cast  s.

The lessons learned from modeling Soviet force effectiveness should also

be intensely evaluated. As expected , the data in the DIPP are more read-

ily available for larger weapons. Consequently, a force effectiveness

model favoring the available data was developed.  Thus , the e ffective-

ness of genera l  purpose  fo rces  (naval , tac t ica l  air , and ground)  is l ess

well as sessed by the curr ent model. During the project, CACI corttin-

uall y clarified DIA/DE’s specific interests on Soviet force effectiveness.

Fof~ example, the distribution of off-line and on-line systems became

important , as did the dist inct ion between nuclear and non-nuclear wea-

pons. Fu r the rmore, dis t inct ions  as to the role of spec i f ic  weapons

(either offensive  or defens ive)  sometimes became impor tan t  in c o n s i d e r -

• ing weapon effectiveness.

The c u r r e n t  Soviet force  c f fec t iveness  model d i sc r imina tes  be tween  f lu-

clear and non-nuc lea r  weapons and of f - l ine  and o n - l i ne  sys tems .  It is

also capable of a g g r e g a t i n g  d i f f e r e n t  weapon sys tems  to s imulate  s p e c i f i c

miss ions .  Other advances  can read i l y be made.

4
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• Identif y fo rces  by g e o gr a p hical  reg ion , p e r m i t t i n g
combinat ions  of o f f e n s iv e  and de fens ive  c a p a b i l i t i e s
in spec i f i c  loca t ions  such as Europe , South Asia , and
China.

• Evaluate Soviet fo rce  e f f e c t i v e n e s s  of weapons  in both
an of fens ive  and d e f e ns i v e  ro le .  This would consider-
ably enhance  the i n t e l i l gence  e s t i m a t o r ’ s knowled ge of
the d imens ions  of f o r c e  e f f e c t i v e n e s s  and the overa l l
e f fec t iveness  of spec i fi c  f o r c e s  anal yzed in the DIPP.

• Develop m e a s u r e s  of U .S . force  e f f e c t i v e n e s s  for offen-
sive and defensive  sys t ems , located in s e l ec t ed  geo-
graphical a r ea s , to compare  with Soviet fo rce  effec t ive-
ness m e a s u r e s .  Such an analysis  could eventuall y
develop new technologies for quantitative net assess-

ment.

Technology a s s e s s m e n t  is an ongoing p rocess  in which model bu i lde r s

and model users review and try to improve the range and quality of

exis t ing  p r o d u c t s .  CACI’ s l o n g - r a n g e  f o r e c a s t in g  models  have been sub-

jected to p r ec i s e l y thi s kind of sc ru t iny .  This d iscuss ion  iden t i f i ed  new

areas  where f u r t h e r  improvements  should be made . The same is true of

the Soviet fo rce  e f fec t iveness  model. As more u s e r s  become acquain ted

• with it , technology a s se s smen t  will beg in. The resu l t ing  fe e dback will

cor!tribute to the growth that must  cont inue if forecasting and estimation

capabili t ies within the Depar tment  of Defense  are  to become p ar t  of the

• po l icy-planning p rocess  in the national secur i ty  community.

I—
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