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DEVELOPMENTS IN AIR TARGEE;DJG

“I. THE MILITARY RESOURCES ‘MODEL

L Bmpe

Robert W. Leavitt

The basic objective for air targeting is to present measure-
roents of the abllity of the enemy to take _actions which e i I
threaten our national security. These measurements must be ’ ‘
presented in such a way as to guide our action against the
enemy’s strengths. This objective is usually broken down into
subobjectives which illustrate clearly its breadth and com-
plexity. Expressed in terms of courses of enemy action which
are unacceptable to the US, these subobjectives are, in descend-
ing order of importance:

1. To deliver atomic weapons against the US, our forces
abroad, and our allies.

2. To resist the penetration of his airspace by our air forces.

3. To develop and produce potentially decisive weapons or
weapons systems.

4. To conduct large-scale land and naval operations against
our forces and our allies.

5. To develop and maintain the economic, political, and psy-

chological strengths necessary to support prolonged military
operations.

With the development of new weapons and weapons systems,
however, and the resultant capability of a single aircraft or
missile to deliver the equivalent of millions of tons of TNT on
one mission, the analysis and presentation of the strengths -
supporting the first three subobjectives have assumed ever- P S B P
increasing importance and urgency. :This compression of fire- f— CoTEe L e e
power in time brings the realization that the decision in future _‘ U T
warsmnybereached!namatterofhoursordaysatmost W e h s T
* Old problems have béen accefitiated and’ MANY hew Ones ere-= Tyl S
* Zated by these developments. > For example, selection of target™ -
. systems to achieve the subobjectives time-phased in the order

shown above is no longer sufficient. Analysis must produce
not only a priority of targets within each subobjective and
targetsystem,buta!somlndieaﬂonothowmmyolthm '

o cmies covme a- m e '
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must be attacked to achieve the objective. Thus analysis by
increments in time and space is becoming an essential element -
in the targeting process. '

The complexity of these problems and the speed with which
they must be solved have led to the introduction of new statis-
tical methods and of new machine computing techniques into
the targeting analysis process. For example, immediate
assessment of the damage and contamination effect of a given

attack will be necessary in order 1o determine the destruction ~ =~ T

required of succeeding attacks. This involves a continuing
evaluation of target priorities and of net offensive strengths
throughout an air offensive until a decision is reached. Two-
sided war-gaming offers the best possibility for providing the
answers needed for this and similar problems. Because of the
time element and the great volume of data required by the new
statistical techniques, high-speed electronic computing is
essential. By this process hypothetical but highly probable
military situations in both peace and war can be examined and
tested for the types of detailed targeting information needed
by the analyst to guide and evaluate target selections. Only
in this way can the totaltargetingeﬁorttnﬂybesaidtopre-
sent measurements of the enemy’s strengths in such a way as
to facilitate action against them.

During the last several years it has become increasingly
apparent that mathematical “Monte Carlo” and “input-out-
put” type models offer a new and promising technique for “war-
gaming” and for analyzing a nation’s economic and military
resources for targeting purposes. The rapid advances in the
speed and data handling capacity of modern electronic com-
puters have now made these models feasible for application to
many air targets problems. U I S

The purpose of the mathematical models is the selection of _
targets for optimum forestalling of enemy courses of action.

~his requires the models to answer the following questions m -~ .. .. -

_order._--‘ LR s et ) T g
1. Present situation .= ... -iF i veoio~i TR STaml -
a. What is the size and composition of the enemy mifli-

tary establishment (military resources)? :
b. What is the size, composition, and productive ability ..

e e ra o e T e A

of the enemy economy (economic rmuroes) '_’ ;‘ TR
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¢. What levels of military action will these resources sup-
- PR . 4%

2. Mobilization capability

a&. What would be the size and composition of enemy
military resources and economic resources after an all-out
mobilization period of x months? '

b. What levels of military action would these resources

support?
3. Evaluation of damage -

a. For any specified bombing attack what would be the
yield and location of all exploding weapons?

b. Given these explosions what would be the size and com-
position of the post attack military and economic resources
(including population) ?

¢. Given the post attack resources what level of enemy
military action could be maintained? ‘

4. Recuperation
What would be the size and composition of enemy mili-
tary and economic resources Yy months (or days) after the
specified attack, taking into account repair, rebuilding, con-
version of other facilities, and new construction?

For “war-gaming,” that is, estimating net offensive capabili-
ties, the above questions must be asked about our own country
as well as about the enemy country. .

The system of mathematical models which would answer
these questions is shown schematically in Figure 1.

The air battle, the damage, and the contamination models
would answer questions 3a and b above. Discussions of these
models are plannedinsubsequgnigis_sues. . -

The remaining questions concerning the present; post miobi-
lization, post attack, and post recuperation capabilities of the

military and the economy are the province:of the military re- "
sources model, which includes economfc resources. =~ - -~ ¢

_ Procedurally, the mifitary resources models detérmine ths

number and size of missions, both offensive and defensive of
various types, which each country can carryout in a given span

of time. This information is fed to the air battle model which = .

together with the damage and contamination models’ deter-

R R "
T G

- S~ T .
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mines the military, economic, and population resources re-
maining in each country after a period of air Battle. The dain-
age information is in turn fed back to the military resources
model which determines the number, type, and size of missions
which each country can carry out after the first phase of air
battle. The process is then repeated for later phases of the air
battle.

If the models can, as is believed possible, answer the ques-
tions posed we have an exceedingly powertul tool not only for
target selection, but also for estimating the capability of a

- country to carry out military action now and in the future

under various conditions and assumptions. The testing of
alternative target systems in the first and succeeding phases
can lead to the choice of the optimum target system for any
of several different strategic situations.

When then, is the military resources model and how is it de-
signed to answer the questions put to it? :

The military resources model is an input-output model. This
is a kind of mathematical model about which it has been said,
it is much easier to understand what it is expected to do than
how it does it. What the military resources model is expected
to do is to estimate the capabilities of a military establishment
and its supporting economy to carry out military action. The
essential problem of making this estimate is that everything
must be considered simultaneously.

It is not enough to know that the capacity of the aeroengine
industryissomanyenginspermonth. One must also know
whether there is enough steel (or electric power, copper, petro-
leum, ball bearings, and so on) to produce these engines while
at the same time the tank, gun, shipbuilding, ammunition, and
many other key industries (including reconstruction in a post

attack period) are also requiring steel.- Furthermare, not only’ R

the direct demand for steel must be considered. The aero-
engine industry consumes-not.only steel but also aluminum,

- ¢electric power, transportation, and many other lﬂputs,_ghe Ppro--~ ?“T‘{:" R EEIRE
- duction of which alsg requires sOmesteel:- In ghort,_to know - _

the capabilities of one industry we must account for require- -
ments of all industries for a vast range of raw materials, labor,
capital equipment, components, goods in process, transporta-

tion, and communications. In: ut-output models are a tech- . - "i--

nique for doing just this. * An

s LTI s . T
e R —

tnput-output model shiovs for
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each industry (or military activity) the requirements for sup-

~ plies from each other industry.: o

The military resources model consists of three sub-models or

grids; the military grid, the economic grid, and the transpor-
tation grid. The economic grid is in turn broken down into
geographical regions which are related to each other by the
transportation grid. The military resources model can be
illustrated schematically.

e s ek e
e BE L TG e Vit e

THE MILITARY RESOURCES MODEL

1] ] 11
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Each of these grids consists of an inventory of resources and
a table of coefficients in the form of inputs required per unit
of output. For the economic grid the inventory of resources is
the capacities of all producing industries. The table of coeffi-
cients shows material, labor, and capital inputs per unit of in-
dustrial output; for example, kilowatt hours of electricity per
ton of aluminum and tons of aluminum per heavy bomber air-
craft. The military grid shows labor, equipment, and supplies
required per unit of military activity; for example, tons of fuel
per flying hour, number of aircraft per wing, tons of ammuni-
tion. (by type) per division month, and so on. Its inventory
of resources is the number of military units of each kind and

their associated equipment.. The: transportation grid has as - ]
its output units of transportation capacity on'a regional basis: - - .-
‘This grid acts as a'restraint on both the economic grid and the =

military grid as transportation can be a bottleneck or restraint
both in the economy and within the military structure itself.-

*See Studies in Intelligence, Vol. 1, No. 4, “The Role of Interindustry
EﬂndhshxBanumﬁclnkﬂhnnu#'nohnt;pﬁpg'

TX i




e
B NN | W

SECRer 57

Without knowing the full complexity of the statistical and e
computational procedures (which is awe-inspiring)#the readde" o S TR
can now visualize the operation of these grids in answering our
initial questions. The military grid shows for a given set of
military forces the level of combat actions that could be main-
tained if the economy provides all the supplies the military re-
quires. The coefficients of the military grid determine the re-
quirements of the given level of combat actions from the econ- L
omy. The economic and transportation grids determine how . R
much of these supplies can be forthcoming from the existing
inventory of economic resources,

At the present time the economic grid of the Soviet Bloc has
been largely completed. It has been constructed in two
parts — one covering the USSR and European Satellites and
the other the Peoples Republic of China. For the European
Bloc the grid distinguishes 240 producing industries or sectors
and their materials, components, capital equipment, and labor
inputs. Five test runs have been made and evaluated? On
the basis of the evaluation of these test runs, application of
this grid to certain types of live air targets problems is now be-
ing undertaken. However, a substantial data improvement
research program is going concurrently.

The military grid has been under development for about nine
months. It is expected that test runs of this grid will be made
in the summer of 1958.

The transportation grid has been under development for
about six months, and it is expected that test runs of this grid
will be made in the summer of 1958, _The construction of this
grid is being undertaken on two fronts, The first involves the
geographic disaggregation of the economic grids in terms of

local regions. The second consists of the development of a =~ - R __ R

- transportation grid based on these regions. To date, 159 re- ) S
gions covering the USSR have been designated, outlined, and --

fhoes: . The transportation net has been divided according to ., - R

- - - these regions and the‘tgrminals_andjljnkiwithin_'ei;c_h_“@égion - EA o E R
* coded and catalogued.  The 159 Teglons correspond to Soviett - - < I oo
oblasts wherever possible in order to take advantage of the data ’ '

* Distribution of these runs has been tﬁAde throughout the intelli-
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on production and transportation published by the Russians.
The effort to gather Soviet source information for the grid is
linked to a concerted effort to gather applicable data, both
classified and unclassified, from all other available sources. °

The enormous complexity of the computations involved in
model analysis makes hand calculation completely unthink-
able. In the economic grid for the European Soviet Bloc, for
example, there are per unit of output of each of the 240 sectors
the commodity input requirements from each of the other 239
sectors. This will be further broken down into 159 geograph-
ical regions. Thus the number of coefficients to be simultane-
ously processed theoretically could be of the order of 240 x 240
X 159, or about 9 million? For any major problem millions of
individual arithmetic steps may be involved. Modern elec-
tronic computers, however, can perform this job. The revolu-
tionary aspect of these computers is the speed with which they
can file, sort, recall, and manipulate large masses of data.
These partially routine steps in arriving at intelligence esti-
mates on large areas, such as the Soviet Bloc, have always been
time-consuming and cumbersome. For the more difficult an-
alytical problems, electronic computers together with mathe-
matical models provide the analyst with a tool for considering
and holding in juxtaposition a great many more of the ele-
ments of the analysis than formerly was possible. This tech-
nique does not, by any means, eliminate the human judgment
factor. Rather it is believed that it will prove to be a powerful
tool in assisting intelligence analysts and planners to make
better judgments, and {o be able to make them more rapidly.

Some of the more specific applications of the military re-
sources model to air targets problems are presented below.

l Enemy Capabilities

Themjntaryresourcamodelmbeusedtoasswsthe B

_capability of the economy of the Soviet Bloc to mount and sus-

tain elements of military strength during a pre-attack period . -
““under varying Bloc objectives, policies, and assumptions “The. -~
" government is constrained to work its available resources and - -
within technological relationshipa. It it wants a jet medium

*The number is actually smaller since msnyotthe coefficients are
Zero. OnlyamachIne.however mldremunberwhlchonaa
. N e By ad-sginc

o S~ -
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bomber regiment it must provide planes, bombs, crews, air-
bases from which to operate;and:so on, in specific quantities. - -
If a ton of steel is needed the govemment must see that steel
mill capacity, pig iron, scrap, coal, labor, and so on, are avail-
able in the correct amounts. If more steel capacity is needed
it must provide the steel, concrete, machinery, and so on, in
the right quantities and types to construct a new steel mill
These resource restraints and technological relationships are
set out comprehensively and in detail by the military resources
model. The ability of the economy to support the mobiliza-

tion of desired combinations or “mixes” of air, land, and sea

forces can be measured. A typical problem would be a deter-
mination of the maximum “balanced” air, land, and sea forces
which could be activated in a specified mobilization period with
specified stockpiling and capital expansion policies. In addi-
tion to measuring the maximum activation of combat units,
the economic grid can be used to determine under a variety of

" Bloc policies and objectives the maximum capability to pro-

duce specific weapons such as guided missiles and H-bombs at
specified times.

However, the economic-industrial grid does not take into
account any restraints or bottlenecks that might develop
within the military structure itself. Therefore, the outputs of
the economic grid are fed into the military grid as inputs. The
military grid is then used to assess the capability of the Soviet
Bloc military structure to mount and sustain, during a pre-
attack period, elements of military strength fully prepared to
engage in combat activities required by given strategies. The
ability of the military structure to support desired combina-
tions or “mixes” of air, land, and sea combat activities can be
measured under varying Bloc mobilization objectives, policies,
and assumptions. In addition to measuring. ‘the ‘maximum:
combat capabilities that can be sustained, the military model -

can be used to determine the capability of the military struc- . *- -
» turetoputmtooperaﬁonspeciﬂcweapons suchasguid

missiles, within the available military F resources, “that is, trajned
personnel, missile sites, logistics, and repair tacilities.

The transportation grid would then be used to establish any
transportation restraints or bottienecks which mlght develop
wlthjn the eeonomym' mmtary structure ltself
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2. Effects Analysis ) _
Following their use in pre-attack situations, the three grids™ “#- e
of the military resources model can be used to determine the
capability of the Bloc economy, military structure, and trans- !
portation system to re-mount various types of military strength ‘
in the post-attack period after air attacks of different scope
and intensity. The analysis can be applied to various time
periods after the air attack. In very short periods of time only _
the military, or possibly the military and transportation grids - - T
might come into play, as the answers needed would be the avail- -
abilities within the immediate military structure of the Soviet . i
Bloc to re-cycle air attacks and to sustain ground and naval
action. These answers would be in terms of availabilities of
aircraft, runways, fuel, men, and ammunition to produce flying
hours, and the needed inputs to produce ground division
months and units of naval action. The longer the time period
involved the more industrial and economic resources must be
analyzed and brought into play as supporting military re-
sources. In the analyses of recuperation periods of over a few
months the economic-industrial grid is heavily drawn upon.
However, the model as a whole is designed to cope with imme-
diate post-attack military assessment, as well as long range
economic and industrial recuperation assessment.

3. Selection of Air Targets
One of the outstanding advances of the model-computer

technique is the possibility of rapidly testing a great variety of
simulated air targets problems, using various assumptions, and
considering air attacks of varying magnitude and scope. Opti- -
mum air target systems can be developed for a variety of cir-
cumstances as a result of repeated running of both pre-attack S .
capabilities problems and post-attack air target effects prob- - -7~ - - .- - <= " T o T
lems (a. and b. above). The resources such as-airfields, mis- = - - - - -
sile sites, storage, supply, repair facilities, and industrial and. ~_ - " e T
transportation installations which prove to bé limiting factors: [~ 7T LTI e SE el
or bottlenecks in pre-attack mobilization problems and in the =~ =~ e =
re-mounting of combat activities in the post-attack period be-
come the air targets. The same techniques applied in simu-
lated problems would, of course, be applied Yo actual hot war
problems. - e e s R T e L




. “purposes. Thus the priority list of air targets inteligence rex ~~_ = _ :
" quirements can be sharpened, and emphasis can be placed on
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4. Feasibility Testing .

The necessity for balancing the internal flows withifi‘the
matrix of an input-output model make this type of model par-
ticularly suitable for testing the internal consistency of either
announced Soviet Bloc plans or of US intelligence estimates of
Soviet Bloc military or economic growth patterns. For exam-
Ple, the internal consistency of either Soviet Bloc plans to
mount military strength or US intelligence estimates of Soviet
Bloc military growth plans can be tested. ‘Estimates inde-
pendently projected for various types of air combat strength
can be tested one against the other in order to determine
whether or not the total projected strength estimate is internal-
1y consistent and whether or not such total strength can be sup-
ported by the Soviet Bloc military structure. The economic
grid can be used to check production estimates independently
arrived at for various military end products to determine
Whether or not the production pattern so established is eco-
nomically feasible. The transportation grid should be of great
help in checking estimates of Soviet Bloc transportation pat-
terns and capability.

5. Mobvilization Indicators

The military resources model can be used to establish indi-
cators of mobilization build-up. By testing the model under
various assumed mobilization conditions certain economic
changes as well as changes within the military structure can be
identified as indicators of partial or complete mobilization.
Specific changes in the use of resources can be identified as in-
dicating specific types of mobilization.

6. Intelligence Collection Indicators

In using the military resources model to solve a series of

simulated air targets problems, certain areas of economic and o ) B
military activity will be shown to be of critical significance to” -~ - " - -

~ the capability of the Soviet Bloc to mount and maintain mil- T -
tary strength. These critical sectors-are those on which itis - . - - ]
mos§ importa.nt;to_obta'.in _aoqura!_:e, current data for'targetj.ng S R e T

Bz e,

the collection of certain key military and economic data.
7. Inputs for Operational Models - : o
Themmtaryresourcesmodelktobeusedtotranslateany Tt e tFLou L i e
given over-all military strategy into requirements upon the SmmmEameo il

L. B T e R TRy TR
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economic-industrial, transportation, and military structure for S
the creation. of military:formations & ‘military resotirce elé e - ENIRT
ments together with the necessary military supporting activi-
ties in both pre- and post-attack situations. Operational )
models such as the air battle model, currently being tested,
serve to indicate these requirements in a realistic manner.
The military resources model is designed to provide appropriate
inputs for these operational models in the form of units of com-
bat capability and to reflect the output of operational models
in changing requirements upon the military structure. Thus
the military resources model can define the maximum levels of
combat activity possible within the limitations of the Bloc mili-
tary and economic structure at any specified time.
8. Data Requirements
The validity of problem solutions provided by the military
resources model is dependent upon the accuracy of the data
inputs as well as the logic of the mathematical design of the
model. Each of the component parts of the model — the eco-
nomic grid, the military grid, and the transportation grid —
has its own data requirements which must be initially assem-
bled and subsequently kept up to date.

The economic grid contains a classification of economic ac-
tivity in the Soviet Bloc in the form of three submatrices or
grids; the commodity input grid, the capital input grid, and
the capital expansion grid. The data requirements of the com-
modity input grid or matrix consist of the commodity inputs
Per unit of production for each of the 240 sectors of the matrix,
These sectors cover most of the commodities produced in the
Bloc. The data requirements of the capital input matrix con-
sist of the inputs of capital equipment and labor per unit of
production of each of these same commodities. _The data re- . _ o
quired by the capital expansion matrix consist of the com- < - T
meodity and capital inputs necessary to increase available cap- -
ital by one unit. The data described above are in the formof = - .. -

B IR A
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technological coefficients which. reflect the techn olagical rela-" —~ 7T e o - vl ol

“tionships currently operating as the eéo,horiifq:’.i‘gstra_mt.slh.any’; A LT
desired mobilization or recuperation by the Soviet Bloec. In - - ) - .~

order to reflect fully the flexibility of the Soviet Bloc economy
In meeting mobilization or wartime requirements the data in- - - - ] o ,
puts must reflect not only production processes currently im _: - -- . - N e

usebutalsothealtermﬁveprwessesivhlcpeoh}q[)elmed@f”'
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break bottlenecks, or stoppages resulting from air attack. Thus
the economic grid requires the introduétion of all practical
alternate input coefficients in order to establish realistic tech-
nological restraints. Because production technology changes
with the passage of time, these coefficients must be continually
scrutinized to insure that they reflect current technology. In
addition, changes are necessitated in the classification of com-
modities and capital equipment in the light of experience
gained in using the model for various types of problems. Those
economic sectors which prove to be the most sensitive to mobi-
lization or recuperation demands may require a more detailed
or disaggregated classification in the model, whereas less vital
sectors may be further aggregated.

The running of a simulation on the economic model requires,
in addition to the technological coefficients, data on the eco-
nomic resources available to the Soviet Bloc for the time period
being considered. Thus for each of the 240 commodity groups
in the grid, current data on Bloc capacity, inventory, and for-
eign trade must be assembied.

The data requirements of the military grid of the model
parallel those of the economic grid, but pertain to military
activities rather than economic activities. As previously men-
tioned, the output of the military grid, equivalent to commodity
outputs in the economic grid, is in units of frontline activity,
for example, flying hours of a specific type of bomber. For
each such military activity data on inputs of other military
activities as well as inputs of industrial commodities must be
determined. In addition, for each unit of military activity the
requirements of military capital aggregated in the form of
‘“resource elements” such as airstrips, naval bases, and repair
facilities must be determined together with the inputs neces-
sary to expand a military “resource element” by one unit. As

“in the case of the économic grid, input data for alternative
" processes of producing a unit: of military activity must be

. assembled and all coefficients in the grid must be kept in accord

".- with the most thodern Jogistical processés used by the Soviet

Bloc. In the running of simulations on the military grid, data
on total Soviet Bloc capacity, inventories, and possible incre-
ments from foreign trade for each of the military activities in

the grid should be avallable for the time period under consid- _

eration.
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The introduction of transportation factors into the military-
resources model requires an analysis of the Soviet Bloc eco-

* nomic and military commodity flow structure in terms of geo-

graphic regions, thus greatly increasing the data needs. For
each region the types and amounts of transportation facilities
available must be determined in order to establish the freight-
handling capabilities of each region. For example, the analysis
of the USSR railroad system, currently underway, requires for
each terminal, link, and region estimates of the terminal motive
power and freight-car handling capacities, rail-link capacities,
and regional car-day requirements. In addition to these trans-
portation data requirements, the Soviet Bloc production and
consumption pattern must be established by geographic region.
This task requires the identification of the types and amounts
of economic and military capital facilities, or ‘“resource ele-
ments,” available in each region. In addition, the Soviet Bloc
“bill of goods,” or final demand for military and civilian goods,
must be determined by geographic region. The regional con-
sumption of goods for military, government, and civilian use as
well as the regional consumption of construction materials and
producer durables must be estimated. Only when all these
data are introduced into the military resources model can the
transportation restraints, or “bottlenecks” under specified
mobilization and recuperation conditions be identified.

The data problem is formidable, but considerable progress
has been made, and new sources of data are being found and
exploited. The data requirements for the model-machine tech-
nique do not represent a marked change from the require-
ments of traditional methods of analysis. However, the rigor-
ous analysis made possible by this technique or method simply
makes existing data deficiencies more apparent. Moreover,
this technique has the additional advantage of enabling the
analyst to identify those specific data requirements which are

- the most crucial in target analysis by subjecting the data to
various types of sensitivity testing, e.g., the variation of coeffi-
. cients;and data aggregations.” The model also offers a means
_~of testing the Teliability of coefficients in the light of known
" output patterns of past years. It is believed that these various
- testing techniques will contribute to a sharpening of the pri-

ority list of intelligence collection requirements.
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