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PREFACE 
-

This document is one of a se r ies  of r epor t s  descr ibing the r e sea rch

activit ies under t aken  to comp lete Defense Advanced Research  Pro jec t s

Agency (ARPA ) suppor t ed  cont rac t  number MDA9O3 -76-C-02 55 , entit led

“Developmental Methodolog ies for Medium- to Long-Range Es t imates . ”

These repor t s  describe the project ’ s emp ir ica l , methodological , sub-

stantive , technica l , and theoret ical  cont r ibut ions .

The Final Technical  Repor t  is p r e sen t ed  as a set of document s ra ther

than a sing le repor t .  They are 
- 

-

• Executive Summary,

• Long-Range Reg ional Forecas t ing  Models ,

-
- 

• The Soviet Force Effect iveness  Model ,

i’ • User ’s Manual for the Long-Range Reg ional Forecas t ing
Models , - - -

- 
r- ~~ ~~~~~~~ - ) - ‘ -. .

- .  
• f r E . J -~~~~ .~

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

• Program Documentat ion for the Soviet Force Effective-
ness Model.

The f irs t  three volumes substant ively describe all r esearch  tas~zs ,

provide the ra t ionale  for research decisions , and report  impor tant  find-

ings. The remaining four volumes document the two computer  pro-

grams del ivered to the Defense Intell i gence A g e n c y / D i r e c t o r at e  for

Est imates  (D IA/DE)  for  ins ta l lat ion  on the Defense In te l l i gence A gency

On -Line Syn t e m  (DIAOI.S).

1.

1.

- ~ —~~~~— ---~-.~ — - - - - - . , —— -



The Execut ive  S u mm a ry  b r i e f l y (tescr1bes thc overal l  project .  The vo l—

) umes on the reg ional  fo recas t ing  model and (he force e f fec t iv e n ess

modcl , by far  the most substant ive and complex of the documents ,

discuss the desi gn and deve lopment  of each of these n-iodcls , r c m sp c c —

tively. The f i r s t  reviews the reg ional models , iden t i f i e s  a reas  where

improvements were made for DIA/DE , and p resen t s the f i nd ings  from

sensi t ivi ty tes t s  and computer  s imulations for Europe , the Middle East ,

Latin America, and Af r i ca .  The second full y d iscusses  the develop-

ment of the Soviet fo rce  effe ct iveness  model. The volum e is c lass i f i ed .

The remain ing  four volumes focus on the two computer  models de-

livered to DIA/DE. A user ’s manual  and p rog ram documentat ion hav e

been wr i t t en  that provide all neces sa ry  informat ion for using and main-

taining the models.

- • J 
- 

-

1, ,  - -
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I

E X E C U T I V E  S U M M A R Y  -

The Defense Intel l i gence A gency /Di rec to ra te  for Estimates (DIA/DE )

is charged  with supp ly ing mi l i t a ry  in te l l igence  es t imates  to the Joint
• Strateg ic Planning System (JSTPS). In this capacit y, the Direc tora te ’s

mission includes generat ing estimates that , in whole or in part , provide

the basis for national intelligence and securit y planning.  Because DIA L

DE is charged with supp lying medium - to long-range es t imates  of ex-

ternal  threat  to the United States , it focuses  on:

• World poli t ical  re la t ions , par t icu lar ly those affect ing
developed and underdeve loped  nations that are  impor-
tant to the United States because they are  all ies , sup-
pliers of raw mater ia l s , s t ra teg icall y located , or

• 
- 

opposed to U. S. in te res ts .

- 

• Future mi l i t a ry  capabilit ies , pa r t i cu la r l y technolog ical
ad~ ances that mi ght su rpass  U .3 .  exper t i se .  The tech-
nolog ical sophis t ica t ion  of major  U. S. adve rsa r i e s  is
cr i t ical  for fu ture  p lanning.  Sound pro jec t ions  can en-
sure that the current  U. S. lead is maintained.

• Likely courses  of actions by other countries , changes
in ali gnment  pat terns , economic growt h , in ternat ional
tensions , and domestic  unres t .

In the past , these important  factors  have been processed  using tradi-

tional pencil and paper methods. However , with the completion of this

project , DIA/DE has two on- l ine , use r - in te rac t ive  forecas t ing /s imu-

lation technolog ies. These technologies make ini t ial  fo recas t s  more

credible and permit  a l ternat ive  fu ture  envi ronments  to be examined.

4
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They enable DIA/DE to

• Link p resen t  t r e n d s  and deve lopm ents  and m e d i u m —  to
l o n g — r a n g e  f u t u r e s  more exp lici t l y,

• U p date f o r e c a s t s  rap id!y when unexpected pa t te rns  occur
in remote areas ,

• Simulate a l ternat ive  policies ,

• Project alternative U.S. , Soviet, and Chinese involve-
rnent in Europe, the Middle East, Latin America , and
Africa, and

• Estimate total Soviet force effectiveness and evaluate
Soviet potent ia l  to meet various projected fu tu re  envi-
ronments .

This Executive Summary desc r ibes  the development of these impor-

tant anal ytical  technolog ies under  Defen se  Advanced Resca rch  P r oj e c t s  
-

- ‘ Agency (ARPA ) contrac t  No. M D A9O 3 - 7 6 - C - 0 2 55 , desi gned to improve

-
~ the capabili ty to forecas t  important  f ac to r s  that def ine  the in te rna t iona l

mil i tary envi ronment  and have imp licat ions for l ong- range  intelli g ence

estimates.  Two user- in teract ive  computer models were developed

in this project. The first enhances existing Department of Defense

(DoD) forecasting capabilities (CACI, 1975b , 1974 , 1973) by app lying

social science research methodologies to long- range  fo recas t ing  of

important  economic, mil i tary,  and polit ical var iables .  The second

major product developed is a model that enables DIA/DE to measure

total Soviet force effectiveness for use in estimative intelligence. To-

gether, these efforts constitute technological innovations that enhance

the reliabi l i ty ,  accuracy ,  relevance , time liness , and the re fo re , the

credibi l i ty  of l o n g - r a n g e  forecas t ing  for defense  intel l i gence es t imates

and planning .
V

d
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This projec t  had four objec t ives :

1 . Ref ine  and e q u a l i z e  the  e x i s t i n g  long — r ~, nge foreca  s t i ng
mock ] S developed for  Eu rope , the Midd le  Eas t , Lat in
A m e r i c a , and sub —Sa h a ran Africa , pr Cv iou sl y deve 1—
oped u n d e r  ARPA c o n t r a c t s  for the Jo in t  Chiefs of
Staff  (J CS/ J -5) .

2. Enr i ch  the ex i s t ing  models  by inchiid ing the Peop le ’s
Republic of China as a m aj o r  ac to r  in the superpowe r
simulation capab i l i t y and adding the option to sim u la te
the impact of polit ical  reg ime changes.

3. Develop a model to es t imate  fu ture  Soviet force effec-
t iveness based on the Defense  Intel]i gcnce Pro jec t ions
for Planning (DIPP) document , including the capaci t y
of the Soviet Union to improve the quali t y and quan t i ty
of its major weapon systems and pose inc reased
threats to U.S.  in te res t s .

4. Imp lement the enriched fo recas t ing  models and the
Soviet force  e f f ec t iveness  model on the D efense  I n t e l -
ligence Agency On-Line System (DIAOLS ) with a u s e r -
interact ive capabil i t y to permit  DIA anal ys ts  to fore-
cast a l ternat ive fu tu res  by a l te r ing  data , superpower
behavior , or reg ime type , and/ o r  fo r eca s t i ng  param-
eters to simulate d i f fe ren t  courses  of action.

RESEARCH DESIGN

To accomplish these objectives, CACI designed a two-part research

program . The f irs t  task focused on improving and equal iz ing  ex i s t i ng

regional forecas t ing models  and associated computer sof tware .  The

second involved develop ing a Soviet force effect iveness model. To

accomplish the f i rs t  major effor t , CACI

• ‘Carefull y reviewe d the fo recas t ing  m odels for Europe ,

~~ the Midd le  East , Latin A m e r i c a , and A f r i c a  by exam-
in ing each fore cas t  equal  ion f r o m  a su si a n t  lye an d

d -

6
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,Th s ta ti~;l ic ;t l l ) C 1 5 1) C C I i V( ’  to ( l e t e r I I l i r l ( ’  th e  v a l i d i t y  of (~~( h .
Equ at i onS  t h a t  ~VC mc ii ia cicqu a te  01’ m a  t ’P~ o~ i - i  a t we it -
r cspc ci f l ed  and m e t e  st ed wi th  e mp i r i c a l  d a t a .

• Upgraded  the  European  model t o  t he  comp l e x i t y  of t he
less — d e v e l o p e d  reg iona l  m o d e l s  by r e — c  s t i i n a t in g  new
p a r am e t e r s  for the  r eg iona l  forecasting equations and
us ing  c o u n t r y — s p e c i f i c t ime  — s e r i e s  p a r am e t e r s  on
investment , consumption, im po r t s , and cxJ ) o r t s .

• Addcd  the Peop le ’s Republic  of China to the s u p e r p o w er
in f l ucu c e r s  by spec i f y ing equat ions  to include China ’ s
impor tance .

o Improved the capacit y to a s se s s  reg ime change to g ive
DIA anal ys ts  the flexibi l i ty  to s imula te  reg ime change
by r e f i n i n g  and i n c r e a s i n g  the number  of g o v e r n m e n t
t ypes , and specif y ing a set of fo recas t ing  equation s
with app rop r i a t e  pa ra m e t e r s  to cause changes  in fore-
cas t s  when government  change is s imula ted .

• D~ veloped a u s e r - i n t e r a c t i v e  p r e p r o c e ss o r , a main
ca lcu la t ion  p r o g r a m , and a r epo r t  w r i t in g  p r o g r a m  ~o
anal y s t s  can m a n i p u l a t e  data , p a r a m e t e r s , superpov . ’er
behaviors , and reg ime change direct l y t h rough DIAOLS
computer  t e rmina l s .

o Evaluated the sens i t iv i ty  of the reg ional f o r e c a s t i n g
models  and p roduced  :-eg ional s i m u l a t i o n s  by eh t e r i ng
app rop r i a t e  supe rpower , data , and p a r a m e t e r  changes
through the preprocessor and e x e r c i s i n g  the forecas t -
ing p rogram.

The improved regional  models  have been in s t a l l ed  on the DIAOLS. A

user ’s manual (CAd , 1976 1) descr ibes  the opera t ion  of the p r ep r o ces  -

sor , the forecas t ing  p rogram , and the r epor t  wr i t ing  p rog ram . A secon d

manual  (CAd , 1 97Gm) documents  and d iscusses  the log ic of the corn-

puter  program , p r e s e n t s  al l  p rogram s t a t em e n t s , and d e s c r i b e s  each

phase  of the f o r e c ast i n g  process .
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-~~~~ To deve lop  the  Soviet  fo rce  e f f e c t i v e n e s s  model , CACI

• Reviewed app roache s to m e a s u r in g  Soviet  f o r c e  e f fe c —

t ivcne  s s a n d , in c o n s u l t a t i o n  ~‘it h DIA / l)E , sele ct ed
le tha l i t y, a ccu r a c y ,  and su r v i v a b i l i t y for  ev a h i a t  i ng
Soviet force  e f f e c t i v e n e s s .  CACI ana l y s t s  i d en t i f i e d
approp riate dat a in the l)efense  I n t e l l i gence Projec  -
t ions for  P l a n n i n g  O n — L i n e  Sy s t em  (l)IPI ’OLS) to
ca lcu la te  Soviet fo rce  e f f e c t i v e n e s s.

o Programmed  i n t e r a c t i v e  fo rce  e f f e c t i v e ne s s  model
and s t r u c t u r e d  an a u t o m a t e d  sys tem for mani p u l a t i n g
DIPPOLS data.

• Pe r formed  s e n si t i v i t y t es t s  and s imula t ions  us ing
actual Soviet force charac~cristics for several corn -
binations of d i f f e r e n t  f o r c e s .  The s e n s i t i v i ty  t e s t s
evaluated the flexibili t y, accuracy, and reliability
of the model .

The Soviet effectiveness model is c u r r e n t l y opera t i ona l  on DIAOL S. A

user ’s manual  (CAd , 1 97 6n )  d i scusses  the opera t ion  of the  Soviet fo rce

e f f e c t i v e n e s s  model and exp lains the op t ions  available to u s e r s .  The

system documentation manual  (CAd , 1 9?Go) d i scusses  the compute r

program , its interface with DIPPOLS, and all o ther  t echn ica l  a s p e c t s

of the software.

ACCOM PLISHMENTS

All phases of the research were comp leted so that of f ices  with es tab-

lished DIAOLS l inkages  can access  e i ther  the CACI reg ional f o r e c a s t i n g

models or the Soviet force effectiveness model. As proposed ,

• The regional forecasting models have been stand arclim -ed
at comparab l e  complexity for Europe , t he N l i c l d t c  Eas t
Lat in  A i n e  mica , and ~uh — S a l i a r a n  A f r i c a , and  Ch ina  has

~~~~~ 

i been added to the ~;u p e r p o w e r i n f l uen c e  ~;e t.

8

- 4.,

r- - - - - - -- - ---- -_- —
~~~~

__ - --. - -- --- -- ---— ---- - — - - - - —~~~~~~~~~ — - --- - - - -- — - -~--— - - — - - - -

- —&- — -,__ -- ~~~~~~~~ ~~~~~~ . S .~~~~~~~~~~ -- -- - -  ——



- - - - ---~—----.~~~~~ -‘- ~~- —~~~--—-- --—~-— -----

/ -
-‘ 

• ‘lhc- c a 1) a b i ht y t o  i n f l u en c e  f o r e c a s in  l)y s i m u l a t i n g
reg in~e c h a n g e  Wa added and  the  iiwdc Is  we i- e l1)ade
usel- —intera ctive.

o S e n s i t i v i t y t e s t  and  s i m u l a t i o n s  have  bc-en p er fo rmed
w i th  each of t he  m o d e l s  and th e  t h r e e  p r o gr a m s  a s s o —
cia ted  with the reg ional  f o r e c a s t i n g  models  (the  p ’-~ 

—

proce sso r , f o r e c a s t i n g  p r o g r a m , and r e p o r t  g e n e r a t o r )
have bc-en i n s t a l l e d  on DIAOLS .

• T h e  Soviet force  e f f e c t i v e n e s s  mode)  has been d e ve l o p e d
using i n f o r m a t i o n  avai lable  in the DI PP on the number
and cha rac t e r i s t i c s  of Soviet weapon sy s t ems .

• An equation was developed that se lect ivel y aggi -ega tes
weapon cha racte  i-i sti c s , i n t e r f a c e s  them with DI PP
force level i n f o r m a t i o n , and g e n e r a t e s  e s t imates  of
Soviet force  e f f e c t i v e n e s s .

o A p r o g r a m  for the Soviet fo rce  e f f e c t i v e n e s s  model that
permi ts  user  in t e rac t ion  with the weapons  system data
and a l ternat iv e assumpt ions  about the g rowth  and struc-
ture  of Soviet f o r c e s  has been imp lemented  on DIAOLS
and is p resen t ly available.

The two compute r  models  cons iderably enhance DIA/DE ’ s f o r e c a s t i n g

capabi l i ty ,  as in te l l i gence  e s t ima to r s  can now genera te  and anal yze

l o n g - r a n g e  a l ternat ive  f u t u r e s  for  Europe , the Middle East , Latin

Amer ica , and A f r i c a , or a l te rna t ive  es t imates  of Soviet force  effective-

ness .  In each case , the anal yst n o wh a s  available a computer  technology

that p e r m i t s  s t r u c t u r e s  and a s sumption s of e i t h e r  model to be a l t e r e d

to re f lec t  an ins ig ht about the phenomenon being s tudied .  F u r t h e r m or e ,

the in te l l i gence es t imator  has  been provided with gu ide l ines  on how to

interface the long-range regional forecasts with estimates of total Soviet

fo rce  e f f e c t i v e n e s s .  As anal ysts become more familiar with both models,

the i r  s e n s i t i v i t i e s  to the imp l icat ions  of the g e n e r a t e d  f o r e c a s t s  and

estimates svill increase. M o r e o v e r , quest  ions  tha t  wi l l  tax  the  l i m i ts

of t h e  mode ls  w i l l  e v en t u a l l y he a shed.  F i n a l l y,  as they  g a i n  c u r r e n c y
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t h roug hout - the  m t  - ) I ige ncc conmiuni t  y, demands  for in c r e a se d  S op his —

ticat 10)) and i-c fi ne nc -n t  can be CX PC cte d.

The models  produced by th i s  r e sea rch  i n t e g r a t e  I r a d i t i on a l  academic

approaches  and comp lex  quan t i t a t ive  methodologies to  develop tools  that

can be u sed to improve  in te l l i gence e s t i m a t e s .  In addi t ion , the r esea rch

interfaced qualitative and quant i t a t iv e techni ques that  a re  in t e r m ing led

in any n-iodehing e f for t  and p roducedvas t ly im proved , s t anda rd iz ed , and

user  - in teract ive  vers ions  of CA CI ’s reg ional f o r e c a s t i n g  models .  More -

over , it produced the f i r s t  generat ion of a u s e r - i n t e r a c t i v e  Soviet force

effect iveness  model that relies on hi ghl y sophis t ica ted  in te l l i gence da ta .

The lessons l earned  in completing these two major  e f f o r t s  should be

intensel y scru t in ized  by all potential  u s e r s .

ADDITIONAL CONSIDERATIONS

CA CP s past e f fo r t s  in develop ing the reg ional fo recas t ing  models have

involved collecting and o rgan iz ing  s ta t i s t ica l  informat ion , app lying

stat is t ical  analytical techniques, examining  the imp l icat ions  of dat a

e r ro r , desi gning and cons t ruct ing  fo r ecas t i ng  models , desi gning  and

develop ing user  - interact ive  p r o g r a m s , app lying reg ion a l  ve r sus  c o u n t r y -

specifi c forecast ing equations , and so on. Each e f fo r t  has clearl y im-

proved the reliabil it y and validit y of the reg ional fo recas t in g models ,

thus considerably advancing the credibi l i ty  of f o r e c a s t s .

Even with these advances , continuing technology a s s e s s m en t s  suggest

a number  of unmet , yet very necessa ry ,  steps which must  be take n to

ensure  that the best possible  reg ional models are  developed for the

national  secur i ty  community. They include the fo l lowing:

• Develop w o r l dw i c l e m~~d i u m - t o _l o n i ~-~~a~~~o_eS t i i l ) a I l V e
in t e l l i ge_nec I .- _t-h . noI~~gjes. C u r r e n t l y ,  no m ode 1 c x i s t  S

-- -3
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for Asia .  Lin ii t e d  e f fo i•t wou ld  be r equ i  red to exp a n d
th e  cur  r c nt  ys Ic in o i n c l u de  t ha t  r eg ion . Fu r l lie r ,
thc cur  i- cut  st i-n et n r c  cont a m the  U i i i t  V d S t a t e s , t h e
Soviet U n ion , and th e  Peop le ’ s Repul ) 1 Ic  of China as
in f lu en t  i a] s u p e r  pow- - r s . This set could and shoti l d
be expande d to i n c lud l e  Japan and the  majOr  W e s t e r n
European  countr ie s .

• Q~~~~Io sI o c h - i s t i  c me ch ani  sin s for sup evpower  i n t e r  —

action s im u l a t i o n .  While  i n c l u d i n g  a d d i t i o n a l  super  —

powe r inf luences  is  a subs t an t i a l  step t o w a r d  im p v o v_
ing the rea l i sm of a wor ldwide  model , onl y the inde-
pendent e f f ec t s  of the  s u p e r p o w e r s  will  have been
modeled. The ac t ion - reac t ion  na tu re  of superpower
behaviors  and the impac t s  of such act ivi t y on other
nation s can now only be indirectly simulated. These
aspec t s  can and should be modeled  in g r e a t e r  deta i l .

• Exp lore  and app ly methodo lor i i e s  to e n r i c h  r eg io na l
f o r e ca s t s-. Cons t r a in ing  the anal ys t ’ s p e r s p e c t i v e  to
define set s  of c o u n t r i e s  g e o g r a p hical l y has , to Some
extent , made modeling more diff icul t .  One solut ion
is to es t ima te  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 a p —
proach tha t  has worked  ext remel y well with the e c o —
nomic sec tor  of the cu r r en t  mode-I . However , wh en
c1ata are i n s u f f i c i e n t  or inadequate , the re la t ionsh i ps
among e n v i r o nm enta l  var iab les  should be mode led  for
similar types  of count r ies .  These p rocedure s  should
produce increas ing ly accurate  fo recas t s.

The lessons learned from modeling Soviet force  e f fec t iveness  should

alsobe in tense ly evaluated.  As expected , the data in the DIPP a - e

more readil y available for large weapons. Consequentl y, a force effe c-

tiveness model favoring the availah ]e data was developed. Thus , the

~ j~ 
effec t iveness  of general purpose  forces  (naval , tact ical  air , and g r o u n d )

I 
• is less well  assessed  by the c u r r e n t  model .  Dur ing  the project , CACI

continual l y cla r if ied DIA/DE ’ s speci f ic  in te res t s  on Soviet force  e f f e c —

t iveness .  For cxamp lc , the d i s t r ibu t ion  of o f f - l i n e  and o n — l i n e  systems

became impor tan t , as did t h e  d i s t i n c t i o n  be tw een  nuclear  and non-

~~ nuc lear  weapons . Fu r t he  m ore , d i s t i n c t i o n s  as to the  r ole of spec i fi-

11

ii

______  ________  - - -- --

- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — - ~~—--~-— — - -- -~~~~~~~ ———-—



weapon s (c i the  r offensive or de fe mis ive)  ~omet 1 ow became  i i  opor t  ant

in cons ider ing  weapon e f f e c t i v e ne s s .

The c u r r e n t  Soviet force  e f f e c t i v e ne s s  model d i s c i - im in a t e s  between

nuclear  and  n o n — n u c l e a r  weapons  and o f f - l in c  and on- l ine  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 nt  weapon sys tems  to s imula te

spec i f i c  m i s s i o n s .  Other a d v a n c e s  can read i l y be made.

• Id entif y f o r c e s  by geographical  reg ion , p e r m i t t i n g
combinations of o f fens ive  and defens ive  capabi l i t ies  in
specifi c locations such as Europe , South Asia , and
China.

• Evaluate Soviet force  e f f ec t i venes s  of weapons in both
an of fens ive  ari d defens ive  role.  This would conside r-
ably enhance tile intel l i gence e s t ima to r ’ s knowledge  of
the dimensions of fo rce  e f f ec t iveness  and the overa l l
e f fec t iveness  of speci f ic  forces  analyzed in the DIPP.

j o Develop measures  of U. S . force e f fec t iveness  for
offens ive  and defensive sys tems , located in selected
geographical  a reas , to compare  with Soviet force
ef fec t iveness  m e a s u r e s .  Such an anal ys i s  could
eventually develop ne-~ technolog ies for quantat ive
net assessment .

Technology a s se s smen t  is an ongoing process  in which model b u i l d e r s

and model u se r s  review and t r y  to improve the range  and quali ty of

existing products.  CACI ’ s long-range forecast ing models have been

subjected to prec ise ly thi s kind of s c ru t iny .  This d i scuss ion  ident i f ied

• new areas where further improvements should be made.  The same is

true of the Soviet force ef fect iven ess  model . As more users become

:~. acquainted with it , technology a s ses smen t  will beg in. The r e s u l t i n g

fe edback ~‘ill c o n t r i b u t e  to time g rowt h that  must  con t inue  if f o re c a s t i n g

and e s t i m a t i o n  c a p a b i l i t i e s  w i t h i n  the D e p a r t m e n t  of Defense are  to

becom im par t  of I h it! po l l  cy —p h a m i n i n g  p n o e l - s  i n  th e  n a i l  c,nal s ec u r i ty

communi ty .
12
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