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PREFACE

This paper was witten in response to a request fromthe House
Armed Services Committee for an analysis of the effect of changes in
US policies regardi nqh arms sales abroad. Specifically, the paper
examnes and projects the cost savings fromthe foreign mlitary sales
programon the basis of data analysis of 35 weapon systens.

This report was prepared by James R. Capra, Robert E Schafer, and
Patrick L. Renehan of the Budget Analysis Division of the Congressional
Budget Cifice. The authors would 1ike to acknow edge the assistance of
Terry Nel son and Ranon EsRl|anosa of the Budget Analysis Division and
Sheila Kean Fifer of the National Security Division.

A related CBO staff working paper, Foreign Military sales and_US
\apons Costs, examnes the circunmstanceS 1n which budgefary savings
result from the foreign mlitary sales program

Alice M. Rivlin

D rector
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SUMVARY

e of the elements of current debate on US policies regarding
the sate of arns abroad has been the econom ¢ consequences of signifi-
cant changes in the foreign military sales %FIVBL rogram  Assessment of
these consequences centers on two issues: the budgetary cost savings to
the US which result fromforeign military Sales and fhe macroeconom c
effects of such sales. This study addresses the first of these issues,
the budgetary cost savings. A later analysis will focus on the macro-
econom ¢ effécts of foreign mlitary sales.

This study quantifies the budgetary cost savings attributable to
foreign mlitary sales and estimtes the dollar value of savings associ-
ated with an $8 billion sales program under certain assunptions about
the m x of sales anong the categories of weapons, services, and construc--
tion. The results are based on analysis of data fromsales of 35 major
weapon  Syst ens.

Among the findings of the study are the following:

t An $8 billion sales programwill, on the average, generate
$560 mi11ion in cost savings annually. This estimte
assumes the current mx of sales of weapons, services, and
construction. The estimate also assumes that the US would
not significantly alter the defense production base in the
absence of foreign mlitary sales,

o O the $560 mi11ion in savings, approximtely $160 m|lion
represents savings which are attributable t0 research and
devel opment .(P&l% recoupments, a category of savings which
is insensitive to assunptions about the US production base
and the pace of US procurement in the absence of foreign

military sales.

t Assuming the current mx of sales, a decrease in the level
of sales fromthe $8 billion [evel would result in a pro-
portional decrease in the savings. For example, a $4 billion
sales programwould on the average result in savings of
$280 million annually.

~The analysis in this study begins by cIaSS|fy|n% savings into five
major categories: R&D recoupnents, learning curve effects and econonmi es
of scale, overhead, production |ine %ap, and other. R&D recoupnents
refer to the R&D surcharge which is added to the purchase price of a
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Wweapon system sold to a foreign buyer in order to recoup sone of the
resources which the US put into the devel opment of the weapon. Sav-
ings from learning curb effects are those savings which result from
the Tower average costs associated with a |onger production run, while
econom es of scale refer to the lower avera%e costs due to a larger rate
of production. Overhead savings refer to the fact that foreign buyers
my partially pay for indirect costs, such as facilities costs, that
would have otherw se been borne solely by the US Government. Savings
fromavoi di ng production 1ine gaps occur when a foreign sale allows a
contractor to keep a production |'ine open for a subsequent US. buy,
thus enabling the US to avoid production 1ine termnation and sefup
costs. Qther savings is a residual category for those savings which do
not faill in the first four categories.

The study contains estimtes of savings for 35 major weapon systens
due to foreign mlitary sales over the 1972-1981 time period. These
savings are partitioned into the five major categories of savings. The
estimites showthat the nost significant savings are due to R&D recoup-
ment and overhead savings.

~ The study notes that not al1l foreign military sales result in cost
savings. For exanple, sales of training or other types of services do
not in general result in cost savings to the US  For the current mx
of sales the study estimates that only f|fLy percent of foreign military
sales result in cost savings to the US For those sal es which can
generate savings, the study estimates that on the average one dollar of
sales results In fourteen cents in savings to the u.s., of which four
cents represent R&D recoupnents. These estimtes are based on analysis
of the data for the 35 major weapon systens.

The study concludes with estimtes of savings under alternative
Tevels and aTternative mxes of foreign military sales.

@



| NTRODUCTI ON

This is a report on the financial aspects of the sale of US arns
abroad. Specifically, this report deals with the budgetary cost savings
to the US Department of Defense which are generated by foreign mlitary
sales. Based on the current mx of sales of weapons, services, and con-
struction, an $8 billion sales programwould on the average generate
$560 million in savings annually. This estimte of savings presumes then
the US. would not significantly alter the defense production base in the
absence of foreign military sales. |f only research and devel opment
(RED savings are considered, an $8 billion sales programwoul d on the
average generate $160 miliion in R&D recoupments. If the m x of sales
were to remain the sane but the foreign mlitary sales programwere
reduced, the savings would be reduced proportionally. For example, a
$4 billion programwoul d on the average generate $280 million in total
savings of which $0 mi|lion represents R&D recoupments

The report first discusses the types of savings which can be gener-
ated and classifies savings into five groups or categories. Next, data
on past and projected savings for 35 selected meaﬁon systems are pre-
sented. This is followed by a discussion of what kinds of foreign mli-
tary sales for fiscal year 1975 had the potential to generate savings.
Finally, an estimate i's made of the dollar value of savings for an
$8 billion sales program based on data for 35 major weapon systems and

on two alternative m xes of sales.

Thi s paper focuses on government-to-government arns sales and for
the nost part does not discuss comercial sales. " Aswill becone clear
upon di scussion of the types of budgetary savings which can be generated
by foreign mlitary sales, comercial arns sales have Tittle potential
for generating budgetary savings to the Department of Defense.

This report does not address the questions of whether foreign arns
sales further US security interests nor does it discuss the macro-
economic effect of foreign'mlitary sales. This latter subject will be
the topic of a later report.

1)






CATEGORI ES OF SAVI NGS

. The savings generated by foreign military sales can be classified
into five myjor categories. Following is a brief definition and charac-
terization of each category. A nore detailed discussion of these cate-
gories, especially research and devel opment (R&D recoupments and "learn-
curve effects,” leading to |ower unit costs, can be found in CBO staff
wor ki ng paper, Foreign Mlitary Sales and U. S. Weapons Costs.

Research and Devel opment Recoupnent

The first and most readily identifiable saving fromforeign military
sales is R&D recoupment. R&D recouprent refers to the Re&D surcharge
which is added to the purchase price of a weapon systemsold to a foreign
buyer. This surcharge represents R&D expenses which woul d ot herw se have
been borne by the US alone, and consequently would appear to be a clear
cut exanple of a cost saving. The magnitude of R&D recoupnent varies, of
course, with the weapon system.!

Learning Curve Efects and Economes of Scale

Savings from learning curve effects refer to those savings which
result froma [onger production run for weapon systenms, especially aif-
craft and mssiles. As described in "Military EqU|pnent Cost Analysis,"
It IS a relatively well-documented fact that in the absence of other
factors the cunul ative average cost of aircraft and m ssiles decreases as
the total number produced increases.” Factors which are frequently
mentioned as being responsible for this decreasing average cost are job
familiarization by worknen, general inprovenent in total coordination,
and development 0of nore efficiently produced subassemblies. |f the sale
of arms to a foreign country makes it possible for sone of the itens
produced for the US to be purchased at a lower average cost due to
learning curve effects, then the foreign sale in fact produces cost
savi ngs.

1. For a detailed di scussion of the guidelines for setting the size of
the R&D surcharge, see: CBO staff working paper, Foreign Military Sales
and US. Weapons Costs éhﬁg 1, 1976), p. 7, and DoD Directive 5105.38
(Aug. 11, 1971: anmended My 10, 1973).

2. Rand Corporafion,_Military Equi pment Cost Analysis (Santa Monica,
Calif.: Rand Corporation, June 1971?

(3
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Econom es of scale refer to the economc principle which states that,
under some circunmstances, expanding the rate of production (for exanple
fully utilizing an existing production facility) can result in |ower
average costs. Again, if a foreign sale enables U S weapons to be pur-
chased at a lower average cost, then the foreign sale can be said to
generate cost savings.

Despite the general agreenent among analysts that Tearning curve
effects and economes of scale can generate cost savings, such savings
are relatively difficult to estimate since accounting records do not
facilitate isolation of these savings from other savings, such as over-
head savings.

Over head

Another source of potential cost savings is related to overhead
costs. In general, not all of the costs which are charged to a contrac-
tor for a-weapon systemare attributable to the materials and |abor which
are going into that weapon system The contractor also bears certain
indirect costs that are passed on to his customers. To the extent that
foreign buyers gay for indirect costs that would have otherw se been
borne by the US ~ Government, foreign military sales generate overhead
savi ngs.

Overhead costs can be classified in mny ways. (One particularly
useful classification is that between fixed and variable overhead costs.
Fixed overhead costs are costs which do not vary with the nunber of goods
produced; that is, they are costs which are relatively insensitive to
changes in the volume of sales. The costs of facilities or of a fixed
staff of design engineers are exanples. Variable overhead costs are
those which do vary with the volume of sales. To the extent that the
costs of facilities or the size of the staff of design engineers vary
with the volume of sales, these costs can be said to be variable.

Foreign military sales generate overhead cost savings when they
make it B033|b|e for fixed overhead charges to be paid partially by
foreign buyers rather than solely by the US Government. Unfortunately,
these savings are relatively difficult to estimte. An upper bound on
such savings would be the amount of overhead costs paid by foreign huyers..
However, it should be noted that, to the extent that these overhead costs
are not fixed or would be borne by other than US Government business
(e.g., private buyers such as commercial airlines), they do not represent
savings which are the result of foreign mlitary sales.

The attribution of significant overhead savings to foreign mlitary
sales assunes that in the absence of foreign sales the US would not
significantly change its production base. A rationale for this is the
argunent that the US production base is sized to neet ener?ency require--
ments and woul d not be reduced in peacetime in the absence of foreign



o

military Sales.

. The sharing of overhead costs is one savings which could theoret-
ically result froma conmercial foreign mlitary sale as well as a
government-to-government sale. For example, if a foreign country is buy-
Ing equipment directly froma contractor and the contractor is sinulta-
neous| y Frodum ng a weapon system for the US., then the comercial sale
ma;r/] result in the US 'having to pay |ower overhead costs than would have
otherwi se have been the case. It does not appear at first glance that
commercial sales very often result in savings of this type. ~ The only
exanple identified to date is the c-130 aircraft.

Production Line Gap

~The next major category of cost savi n?s whi ch may result from
foreign mlitary sales i's associated with the closing and openi nP of
Productlon Tines With concomtant setup and termnation costs. [f a
oreign sale allows a contractor to keep a production |ine open for a
subsequent US. buy, then it would appear that the foreign sale generates
some cost savings. Like other savi n(_?s, those associated with avording
gaps in production lines are difficult to validate. Amjor difficulty
I's that they depend on a conparison of current, proposed, and hypotheti cal
production plans. For exanple, it is clearly not the case that every
time a foreign sale occurs in the mddle of tw production runs for the
US, the US would have incurred costs for a production 1line gap were
it not for the foreign sale. In certain instances, the US would nost
Tikely have merged the two production runs into one were it not for the
foreign buy.

Q her

There are other savings which may result from foreign military sales.
Most of these fall into the category of nonrecurring costs which the US.
Government is able to share with foreign buyers. For example, Suppose
the US wants to expand or accelerate the Rroducuon of tanks from
thirty to forty per month. Also, suppose the acceleration causes the
oR.em ng of a new production |ine capable of producing an additional
thirty tanks per nonth. Settmqlup a new production 1ine involves cer-
tain nonrecurring costs for tooling and so forth. If a foreign buKer
decides to purchase twenty tanks per nonth and assunmes a prorata share of
the nonrecurring costs of “setting up the new production line, then the
foreign sale generates savings.






SAVINGS ESTI MATES FOR 35 MAJOR WEAPON SYSTEMS

The Departnment of Defense has provided estimates of savinﬁs gener -
ated by foreign military sales for 35 nmgjor weapon systems. The savings,
calculated in current dollars, are for ﬁast.sal es, in the fiscal years
1972-76 period, and future sales, in the fiscal years 1977-81 period.
Tables 1 through 3 contain DoD's estimates of savings according to the
categories of recoupnment, |earning curve, overhead, production |ine
gap and other. Table 3 also contains estimates of dollar value of the
sales which generated or will generate the savings.

Past and Projected Savings

The savings listed in tables1 through 3 are ag?regate nunbers and
are not in constant dollars. This neans that the effect of inflation on
the estimtes is indetermnate. In order to account for the effects of
inflation it is necessary to break out savings by year. DoD was unable
to provide a yearly listing of savings for each of the systens |isted in
tables 1 through 3. After negotiation between representatives of the DoD
and the Congressional Budget Ofice, DoD agreed to ﬁrow de a yearly list-
ing of savings for five selected weapon systems. These listings, in
current and constant dollars, are contained in table 4.

Quality of FEstimates

The estimates of savings and sales intables 1 through 3 were made
by the Arny, Navy, and Air Force. Although time and resources did not
ﬁermt a detailed validation of all the services' estimtes, CBO staff
el d extensive discussions with personnel responsible for the estimates
for six of the systems: the M0 tank, the TONmissile system the H-1
helicopter series, the HARPOON missile, the F-4E aircraff, and the F-16
aircraft.  These discussions focused on the methodol ong used for estimat-
ing both cost savings and sales. In the case of the Arny systens, field
personnel provided extensive backup for the estimates. In fhe view of
the CBO staff involved, the savings and sales estimtes for the six
systens are reasonable, given the time and resources available. Although
the remaining systens were not investigated in detail, service personnel
vere asked general guestlons on the estimates. There is no evidence that
the methodology used to conpute savings and sales for the remaining
systens differed in substance from that used on the six selected systens.

‘ : 4



TABLE 1. PAST SAVINGS FISCAL YEARS 1972-76
(Millions of Current Dollars)
Total Research and Learning Production
System Savi ngs Development Curve Overhead Line Gap Other
M60A1, Conbat Tank 124.1 1.9 0,0 59.5 0.0 62.7
2B, " Conbat Engi neer Vehicle 1.1 0.0 0.0 0.7 0.0 0.4
M60A1, Tank Chassis for AVLB 2.0 0.1 0.0 1.5 0.0 0.4
Launcher
AVLB Launcher 0.2 0.0 0.0 0.0 0.0 0.1
AVL Bridge 0.1 0.0 0.0 0.0 0.0 0.1
M113A1 APC - Family roll-up 27.4 0.0 7.7 15.6 2.5 1.6
SP8" M110 Howitzer 14.5 0.7 5.4 6.7 1.6 0.0
M578 Recovery Vehicl e 5.8 0.6 4.2 0.5 0.6 0.0
SP 155MM,M109A1B Howit zer 16.5 1.4 0.0 13.6 1.5 0.0
M88A1 Recovery Vehicle 0.0 0.0 0.0 0.0 0.0 0.0
AA,SP,M163 (VULLO Qun 5.8 0.0 0.0 5.3 0.5 0.0
H1 He11copter Series 36.4 4.9 0.3 31.3 0.0 0.0
Dragon 0.0 0.0 0.0 0.0 0.0 0.0
Tow 89.6 25.5 21.8 5.7 0.0 36.6
Chapparal Launcher 0.0 0.0 0.0 0.0 0.0 0.0
VAEparal (M) 0.0 0.0 0.0 0.0 0.0 0.0
M ssile System 25.3 8.3 5.7 11.3 0.0 0.0
Lance Missile System 10.0 4.0 0.0 0.0 6.0 0.0
Phoeni x 19.1 15.5 1.2 0.3 0.0 2.1
Sidewi nder (AIM-9L) 0.0 0.0 0.0 0.0 0.0 0.0
P-3 1.2 1.2 0.0 0.0 0.0 0.0
S 3A 0.0 0.0 0.0 0.0 0.0 0.0
E-2C 0.0 0.0 0.0 . 0.0 0.0 0.0 °
F-14 229.2 168.6 20.6 40.1 0.0 0.0
A-7 1.5 0.2 1.3 0.0 0.0 0.0
Har poon 22.0 3.4 4.6 10.2 0.0 3.8
F-15 0.0 0.0 0.0 6.0 0.0 0.0
F-16 0.0 0.0 0.0 0.0 0.0 0.0
F-5E F 40.0 18.8 8.0 9.6 0.0 3.6
AWACS 0.0 0.0 0.0 0.0 0.0 0.0
AIM-98 Mbd. to AIMIS 0.0 0.0 0.0 0.0 0.0 0.0
Maveric 5.6 56 0.0 0.0 0.0 0.0
F-4E 299.4 25.4 1.2 263.8 9.0 0.0
Pave an ke 0.0 0,0 0.0 0,0 0.0 0.0
5.9 0.0 0.5 0.0 0.0 5.4

Source:  Department of

Def ense



TABLE 2. ESTIMATED FUTURE SAVINGS FI SCAL YEARS 1977-81

(Mi11ions of current dollars)

Total Research and Learning Production

Syst em Savi ngs Development Curve Overhead Li ne Gap Q her
M60A1, Conbat Tank . 335.7 3.9 0.0 216.2 0.0 115. 6

M72B, Conbat Engineer Vehicle 11.4 0.3 0.0 7.2 0.0 3.
M60AT, Tank Chassis for AVLB 1.2 0.2 0.0 5.8 0.0 1.3

Launcher

AVLB Launcher 0.3 0.0 0.0 0.0 0.0 0.3
AVL Bri dge , 0.4 0.0 0.0 0.0 0,0 0.4
M113A1 APC - Fam |y roll-up 91.3 0.0 26.9 54.7 9.5 0,2
SP8" M110 How tzer 0.2 0.2 0.0 0.0 0.0 0,0
M578 Recovery Vehicle 5.1 0.6 1.7 2.8 0.0 0.0
SP 155MM,M109A1B Howi t zer 53. 9 2.3 5.9 37.3 8.4 0,0
M88A1 Recovery Vehicle 5.7 0.0 0.0 5.7 0,0 0.0
AA,SP,M163 (VULC) Gun 17.9 0.0 0.0 15,1 2,8 0.0
H1 Helicopter Series 27.1 3.9 0.7 19.0 3.5 0.0
Dragon 40,7 20.7 17.5 2,5 0.0 0.0
Tow 75.9 23.6 31.4 8.0 5.0 7.9
Chapparal Launcher 17.0 4.5 8.6 1.6 2.3 0.0
Chapparal (GM) 11.6 3.7 2.7 1.5 3.7 0.0
Hawk M ssi| e System 63.5 23.4 9.5 30.6 0.0 0.0
Lance M ssile System 60.0 6.0 0.0 0.0 5.0 0.0
Phoeni x 13.5 0.0 4.5 1.2 0.0 7.8
Si dewi nder (AI'MIL) 6.1 0.0 6.1 0.0 0.0 0.0
P-3 6.8 4.8 0.0 2.0 0.0 0.0
S 3A 13.5 7.5 0.0 2.0 0.0 4.0
E-2C 16.6 6.8 0.0 9.8 0.0 0.0
F-14 0.0 0.0 0.0 0.0 0.0 0.0
AT 4.1 0.5 3.6 0.0 0.0 0.0
Har poon 94.5 49.7 20.0 10.3 0.0 14.5
F-15 70.1 40.0 30.1 0.0 88 88

F-16 126.0 67.7 43.7 14.6 : .
F-5E F 67.0 23.0 11.6 24.9 0.0 7.5
AWACS 338.6 219.8 118.8 0.0 0.0 0.0
AIM-9B Mod. to Al MO9S 3.0 0.4 0.0 0.0 0.0 2.6
Maveri ck 114.8 17.2 58.5 0.0 34.1 5.0
F-4E 113.6 10.8 0.0 102.8 0.0 0.0
Pave Spike 1.0 1.0 0.0 0.0 0.0 0.0
EOEB || 1.5 7 0.0 0.0 0.0 0.7

Source:  Departnent of Defense



TABLE 3.

System

M60A1, Conbat Tank

M'2B, Conbat Engineer Vehicle

Me0NAT, Tank Chassis for AVLB
Launcher

AVLB Launcher

AVL Bridge

M113AT APC - Family roll-up

SP8" M110 Howitzer

M578 Recovery Vehicle

SP 155MM, M109ATB Howitzer

M8B8A1 Recovery Vehicle

AA,SP,M163 (VULC) Gun

H1 Helicopter Series

Dragon

Tow

Chapparal Launcher

Chapparal (GM)

Hawk Missile System

Lance Missile System

Phoeni x

Sidewi nder (AIMOL)

P-3

S3A

E-2C

F-14

AT

Har poon

F-15

F-16

F-5E/ F

AWACS

AIM-98B Mbd. to AIMOS

Maveri ck

F-4E

Pave Spike

EO&B 1

ESTI MATED TOTAL SAVINGS AND SALES FI SCAL YEARS 1972-81

(Mi1lions of Current Dollars)

Total Total Research and  Learning Product i on
Sales Savings  Development Curve Over head Line Gap O her
1,232.7 459.8 5.8 0.0 275.7 0.0 178.3
26.9 12.4 0,3 0.0 7.9 0.0 4.2
46.9 9.2 0.3 0.0 7.3 0.0 1.7
53.1 0.4 0.0 0.0 0,0 0.0 0.4
10.5 0.5 0,0 0,0 0.0 0.0 0.5
1,346.2 1187 0.0 34.6 70,3 12,0 1.8
21.8 14.7 0.8 5,4 6.7 1.6 0.0
50.9 10.8 1,1 5,9 3.3 0.6 0.0
241.1 70.4 3,7 5.9 50.9 9.8 0.0
84.9 5.7 0.0 0,0 5.7 0.0 0.0
205.8 23.7 0.0 0,0 20..4 3.3 0.0
601.0 63.5 8,8 1,0 50,.3 3.5 0.0
291.0 40.7 20.7 17,5 2.5 0.0 0.0
670.7  165.5 49,1 53,2 13,7 5.0 44.5
133.0 17.0 4.5 8,6 1.6 2.3 0.0
58.0 11.6 3.7 2.7 1.5 3,7 0.0
181.1 88.8 31,7 15,2 41.9 0,0 0.0
297.0 70.0 10.0 0,0 0.0 60.0 0.0
193.0 32.6 15.5 5.7 1.5 0.0 9.9
34.1 6.1 0,0 6,1 0.0 0,0 0.0
249.1 8.0 6.0 0,0 2.0 0.0 0.0
350.0 13.5 7.5 0,0 2.0 0,0 4.0
11.1 16.6 6.8 0.0 9.8 0,0 0.0
1,412.2 2292 168.6 20.6 4.1 0,0 0,0
206.3 5.6 0,7 4.9 0.0 0.0 0.0
395.4 116.5 53.1 24.6 20.5 0.0 18.3
240.0 70.1 40.0 30,1 0.0 0.0 0.0
885.6  126.0 67.7 4307 14.6 0.0 0.0
1,683.6  107.0 41.8 19.6 3.5 0.0 1.1
3,476.0  338.6 219.8 118.8 0.0 0.0 0.0
8.8 3.0 0.4 0.0 0.0 0.0 2.6
241.5 120.4 22.8 58.5 0.0 3.1 5.0
2,142.0  413.0 36.2 1.2 366. 6 9.0 0.0
20.0 1.0 1.0 0.0 0.0 0.0 0.0
14.3 7.4 0.0 1.3 0.0 0.0 6.2

Source:  Departnent of Defense
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TABLE 4

SAVINGS AND SALES IN CURRENT AND CONSTANT DOLLARS FISCAL YEARS 1972-81
(Millions of dollars)

System

o 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 Total
Savings (current) 16.1 22.5 3.1 5.9 106. 6 68.7 65.8 60. 6 56.6 53.9 459. 8
{constant) 24.6 32.8 4.2 6.8 115.7 68. 7 62.0 54.3 48.6 4.5 462. 2
Sales (current) 40.8 50.0 8.5 13.7 213.6 212.6 186.3 174.3 167.9 165.0 1,232.7
constant) 62.3 72.9 11.4 15.9 23L.9 212.6 175.6 156.0 144.1 136.4  1,219.1

M113A1APC
Savings (current) 10.8 6.6 5.6 1.1 .8 9.7 14.6 16.9 16.6 24.0 106.7
(constant) 16.4 9.6 7.5 1.3 .9 9.7 13.8 15.1 14.2 19.8 108.3
Sales (current) 48.1 37.9 375.3 8.8 333.2 141.6 253.0 75.0 0 0 1,359
constant) 73.4 55.2 505.1 9u.7 361.8 141.6 238.5 67.1 0 0 1,537.4

HARPOON

Savings (current) 0 0 0 0 22.0 . 21.0 20.1 15.1 14.1 18.2 116.5
constant) 0 0 0 0 23.9 21.0 18.9 13.5 12.1 15.0 110.4
Sales (current) 0 0 0 0 86.2 109.4 60.2 39.2 37.1 63.3 395.4
constant) 0 0 0 0 93.6 109. 4 56.7 3.1 31.8 52.3 378.9
ﬂ&avi ngs (current) 0 0 168.6 22.8 38.0 0 0 0 0 0 229.4
(constant) 0 0 226.9 26.4 41.3 0 0 0 0 0 294.6
Sales (current) 0 0 1,3412.2 0 0 0 0 0 0 0 1,412.2
constant) 0 0 1,900.7 0 0 0 0 0 0 0 1,900.7

MAVERICK
Savings (current) 0 0 0 5.6 13.0 37.4 29.0 20.5 10.1 4.8 120.4
(constant) 0 0 0 6.5 14.1 37.4 27.3 18.4 8.7 4.0 116.4
Sal es current% 0 0 0 69.5 4.3 83.6 84.1 0 0 0 241.5
constant) 0 0 0 80.4 4.7 83.6 79.3 0 0 0 248.0

Source: Department of Defense

11
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Characteristics of Estimates

The following is a discussion of some of the characteristics of
the estimtes of savings and sales. In general, the estimtes of R&D
savings are the nost straightforward. For nost systens savings were
based on a fixed charge per unit of equipnment delivered. Learning curve
estimates proved to be nost elusive. For-those systems for which learn-
ing curve savings were claimed, the assumed tearning curves were between
90 and 92 percent; that is, at each doubling of the production quantity,
the cumulative average cost would he 90 to 92 percent of its forner value.
For one system the TONm ssile system it is Tikely that estimates of
Tearning curve savings probably include some overhead savings. For other
systens, the opposite nay be the case, with overhead including sone
|'earning curve.

Overhead savings, together with R&D recoupnents, conprise the bulk
of the savings for the 35 weapon systens. Overhead savings for the Arny
apEear at first glance to be relatively high. As a result, the CBO staff
asked for and received further detail on the estimate of overhead for the
M60 tank and the H-1 helicopter series. In each case, the Arny appor-
tioned overhead costs among different categories, such as general admni-
stration and overhead burden, and then estimated that only a percentage
of these costs are fixed. The fixed percentage varied from 66 percent
for overhead burden to 80 percent for general admnistration. di s-
cussed earlier the basic assunption underlying these savings is that in
the absence of foreign military sales the US would not significantly
alter its production base.

~Savings associated with gaps in the production |ine do not conprise
a significant part of the savings in tables 1 through 3 and consequently
were not investigated in detail.

Savings which were classified as "other" were significant for only
the m6o tank and the HARPOON missile (fiscalyears 1977-81). In each
case these ampunts represented one-time, nonrecurring costs for expanding
production facilities which the US was able to charge foreign buyers.
It is the viewof the CBO staff that these savings are more questionable
than the overhead and R&D savings since it appeared possible that expan-
sion was to some extent to acconmpdate foreign mitlitary sales.

The sales estimates in table 3 reflect actual deliveries for fiscal
years 1972-76 and anticipated deliveries for fiscal years 1977-81. It
appears that the methodology used to proHect future sales was not con-
sistent from system to system however, for a glven system the methodol-
ogy used to project sales was consistent with
ings.

hat used to project sav-



SALES WHI CH ARE LI KELY TO GENERATE SAVI NGS

The current estimate of sales (orders) through the Foreign Mlitary
Sales Trust Fund for fiscal year 1977 is ‘approximately $8.2 billion.
However, not all foreign arns sales have the potential for generating
cost savings. For example, a considerable part of the dollar value of
foreign military sales represents the sale of services such as training
and repair. These sales in general do not generate R&D recoupnents,
learning curve savings, overhead savings or production |ine gap savings.
The purpose of this section is to discuss briefly the conposition of
forergn military sales, With special reference to the question of what
types of sales generate savings.

Sales by \Weapons Category

Aircraft

Aircraft clearly represent one category of sales which can poten-
tially generate cost savings. The Department of Defense has been able to
recoup costs from the sale of aircraft, such as the F-14. Learning
curve effects in the aircraft industry are well-documented. To the
extent that the aircraft industry would operate at below production
capacity in the absence of foreign mlitary sales, the sale of aircraft
has the potential for generating overhead savings. On the other hand,
it should be noted that the sale of older, well-established aircraft
types may generate S|%n|f|cant|y lower R&D recoupnents. If the foreign
sale takes place at the end of a production run, it will not generate
Tearning curve savings. Also, if in the absence of foreign sales the
aircraft industry were able to operate at capacity by selling to pri-
vate industry, the overhead savings generated by foreign sales would be
negligible.

Missiles

Missiles are very similar to aircraft in their potential to gener-
ate savings. Mssiles produced in large quantities may have less poten-
tial for producing learning curve effects than aircraft unless the
foreign sale cones rel atlveﬁy early in the production run. On the other
hand, to the extent that missile production is a specialized industry
With Tittle potential for sales in the private marketplace and to the
extent that the industry would operate at less than full capacity in the
absence of foreign sales, missiles have a greater potential for generat-
ing overhead savings than aircraft.

(3
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Tanks and Tracked Vehicles

Tables 1 through 3 provide exanples of the potential savings from
the sale of tanks and tracked vehicles. Savings would generally take
the form of R&D recoupments and overhead savings. It should be noted
that the savings computed in tables 1 through 3 were based on the US
procurenment schedule and the existing US production base. If a differ-
ent production schedule or a changed production base were assumed,the
savings associated with foreign sales would change.

Communi cations Equi pment

~This category of sales includes items which range in complexity from
sophisticated electronics gear to simple radios. No data was available
on the savi n(r;s associated with the sale of this te/pe of equipment. How
ever, it would appear that it offers the potential for at least sone
overhead savings and possibly some R&D recoupnents.

O her Equi pment

This category of sales is not well-defined. Consequently, it is not
possible to evaluate its potential to generating savings. [Insofar as the
purchase of other equipment is subject to overhead charges, foreign sales
may result in some savings.

Ships

Ships represent a category which probably offers 1ittle potential
for savings due to foreign sales. Research and development costs for
ships are not significant, at least for the types of ships which are
bei ng sold to foreign countries.3 Learning curve effects have in general
not been observed in the shipbuilding industry, largely due to the fact
that to a very real extent each ship Is unique. Overhead savings are a
theoretical possibility. However, in recent years the shipbuilding
industry has been operating at near capacity with Tlarge back orders.
This means that the elimination of forei %n sal es would probably not re-
SW'C in nore overhead being charged to US Navy ships on a per ship
asis.

3. ReD costs for ships would be distinguished from the R&D costs for
the weapon systems on the ships.
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Anmruni ti on )

The sale of ammunition provides no opportunity for R&D recoupnents
Also, due to the large quantities produced, amunition sales do not in
general lead t0 learning curve savings. Sone overhead savings from amu-
nition sales are theoretically possible. However, the cases selected b¥

the Departnment of Defense to illustrate savings did not include sales 0
ammunition.

Military Construction

“Military construction in foreign countries is a growng part of
forelgy military sales. However, it offers 1ittle prospect for savings
US mlitary construction costs

Servi ces

This category of sales includes supply operations, training, repair
and rehabilitation and other services. These sales do not generate RED
recoupnents.  There is no reason to expect that they would generate
| earning curve saV|ngs. Al'though it is possible that the sale of ser-
vices | ke repair and rehabilitation m ght generate some overhead savings,
DoD has provided no data on such savings and, given the magnitude of

repair and rehabilitation sales, the significance of such savings would
be limited.

Conmposition of Foreign Military Sales

Table 5 contains a historical breakout of foreign military sales by
the type of sales. The table shows that prior to fiscal year 1975 an
average of approximately 70 percent of foreign military sales were com
prised of aircraft, mssiles, vehicles and weapons and conmunications
equi pment.  As discussed ear|ier these are the types of sales which can
generate savings.

The mx of sales prior to fiscal year 1975 was_associated with a
somewhat lower sal es prq?ram than in fiscal year 1975.  For exanple,
sales IN fiscal year 1973 were approximately $3 billion conpared to
$9.5 billion in fiscal year 1975. In addition, the mx of sales changed
significantly SO that only approximately 50 percent of sales in fiscal
year 1975 fall into_the category of sales which have the potential to
generate savings. The mgjor factors in the changing mx of sales were
Increasing sales (on a percentage basis) of ships and amunition and
decreasing sales of aircraft
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Table 5

FOREI GN M LI TARY SALES BY SALES CATEGORI ES 2
(Fiscal Years)

Percent 0f Annual Sales?

Cat egory 1972 1973 1974 1975
Aircraft 53 53 45 27
Missiles 6 18 7 14
Vehi cl.es &Weapons 9 13 12 7
Conmuni cat 1 ons
Equi pent 3 3 2 2
Subt ot al 71 7 66 51
Ships 2 2 12 15
O her Equi pment 5 3 4 7
Subt ot al 7 5 16 22
Amuni tion 6 5 5 10
Construction 0 0 0 1
Repair and
Rehabilitation 4 1 0 2
Suppl'y Qperations 3 3 4 4
Training 4 4 2 3
Q her Services 7 5 6 9
Subt ot al 24 17 17 29

a. \apons system sales include sales of spare parts.

b. Totals may not add due to rounding.



ESTIMATION OF THE DOLLAR VALUE OF SAVI NGS

An estimate of the dollar of the savings associated with foreign
military sales is conprised of two conponents. The first is an estimte
of the dollar value Of sales which have the potential to generate savings.
The second is an estimte of the dollar value of savings per dollar of
sales for those sales having a potential to generate savings. The esti-
mates given here represent long run average savings for an assumed m X
of sales. The estimates discussed in this section should be considered
to be steady state estimates in the sense that in any one year the sav-
ings could be %mte different from those given here due to a different
mx of sales and the variability of savings associated with the sale of

any given item

The Percentage of Sales Which Can Cenerate Savings

As discussed in the previous section, only some foreign military
sales generate cost savings to the US Covernnent. Also, over the past
few years, the mx of foreign military sales between those which do and
those which do not generate savings has changed. For the purposes of
this analysis, two alternative mxes of foreign mlitary sales will be
assumed, roughly equivalent to the percentages which pertained from
fiscal year 1972 through fiscal year 1974 ?Mx 2) and those for fiscal
year 1975 (Mx 1).

Mx 1 Mx 2

Percent Capable of Generating Savings 5 T
Percent not Capable of Generating Savings 5 3

Savings Per Dollar of Sales for Sales Which Generate Savings

The data from the 35 weapon systems in table 3 was analyzed in order
to estimate the savings per dollar of sales for those sales With the
potential to generate savings. As shown in table 6, the estimated aver-
age savings per dollar of sales for those sales Wth the potential to
generate savings iS $.14. Since estimtes of overhead savings and to a
Tesser extent the remaining categories of savings rely on particular
assunptions about the US “production base and the pace of US procure-
ment, the R&D savings have been separated from the other categories of
savings. For RED recoupments, the estimated average savings Per dollar
of sales is $.04 Table 6 also contains the standard error of the
estimat es.

(1)
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TABLE 6

SAVINGS PER DOLLAR OF SALES FOR SALES
WHI CH GENERATE SAVINGS?@

Total Savi ngs R&D Q her Categori es

Average Savings $.14 $.04 $.10
Standard Error .02 .ol .03

a. The estimates were conputed using a |ogarithm c nodel of savings
and sales. See the technical appendix for details on the estinator
and on alternative estimators.
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~ The estimtes in table 6 were conputed using the data on sales and
savings in the fiscal years 1972-81 time period.” \Wen the data are sub-.
divided into fiscal years 1972 - 76 and fiscail years 1977 - 81, the
results for the two time periods are not significantly different in a
statistical sense and in fact are practically identical, being within
$.0L of each other for total savings and exactly equal for savi ngs.

Savings Under Current and Reduced Progranms

- Using the results in table 6 and the two assumed mixes of foreign
mlitary sales it is possible to estimte the average savings per dollar
of sales for the total FMS program  Table 7 contains these estimates.
They were derived by multiplying the savings per dollar of sales for
sales which generate savings tines the percentage of total sales which
generate savings. Using tﬁe current mx of sales, with approximately
50 percent of sales having the potential to generate savings, total sav-
i ngs 85 dollar of sales are $.07 and RD savings per dollar of sales
are $.02






THE EFFECT OF A BAN OR REDUCTI ON OF FOREI GN M LI TARY SALES

The current level of foreidgn military sales iS approximately $8
billion per year. Tables 8 and 9 contain estimates of total savings and
RE&D savings under an $8 billion sales program using the current mx of
sales (mx 1) and the previous mx of sales (mx 2. (A discussed
earlier, R&D savings have been broken out separately since they are rela-
tively insensitive to particular assunptions about the US production
base and the pace of US procurement.) Under the current mx of sales,
total savings would on the average be $560 million annually, while R&D
savings would be $160 million per year. Tables 8 and 9 also.contain
estimtes of the savings under a $4 billion sales program It should be
noted that the estinates are averages and in any one year the savings
n1?ht be different fromthe estimtes, depending on the mx and timng of
rates.

Using Tables 8 and 9 it is possible to estimate the budgetary inpact
of a complete ban or a substantial reduction in the Tevel of foreign
mlitary sales. Under the current mx of sales, a complete ban on
fore|g§ military sales would on the average result in the loss of savings
of $560 mi11ion per year, which includes a $160 million loss in REDrecoup--
ments. If the level of sales were to be reduced to $4 billion and the
percentage of sales With the potential to ﬁenerate,saV|ngs were to remin
at _the current 1evel of 50 percent, then the loss in saV|£gs woul d be
$280 mi1lion per year, including an $80 million loss in RED recoupnents.
However, if the mx of sales for a $4 billion program were assuned to be
similar to the mix under $4 billion prograns in previous years Sﬂ) per -
cent of sales have the potential to generate savings), then the loss in
savings would he $168 m | |ion per year, including million in RE&D
recoupnents.

(21)
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TABLE 7

AVERAGE SAVI NGS PER DOLLAR OF SALES FCR
FOREI GN M LI TARY SALES PROGRAM

(dol | ars)

Total Savings R&D Savings Gt her Categories
Mx 1 07 _ .02 .05
Mx 2 .10 .03 .07

TABLE 8
TOTAL SAVI NGS
(Millions of dollars)
$8 Billion Sales Program $4 Billion Sales Program
Mx 1 560 280
Mx 2 784 392

TABLE 9

RED SAVI NGS
(M11ions of dollars)

$8 Billion Sales Program $4 Billion Sales Program
Mx 1 160 80
Mx 2 224 112




TECHNICAL APPENDI X A

The purpose of this appendix is to discuss the estimtion of the
average savings per dollar of sales for sales which generate savings.
The following di Scussion focuses on three alternative estimators: the nean,
the wei ghted nean, and an estinator based on a logarithmic model. The
| ogarithm ¢ model was the one used for the estimates presented in the main
body of the report. Follow ng the discussion of the three alternative
estimators, .a conparison is made of the alternative estimates for the data
on sales and savings for the 35 weapon systens.

The Sanpl e Mean

e estimator of the average savings-sales ratio is the sanple mean

savings-sal esratio:
Yi
8 = ._X

3 k|
i=1 n

Where Y. I's the savings for system i

Wiere %% IS the sales for systemi
n is the nunber of systens in the sample

3 is the sanple nean ratio,

This estimator is the [east squares estimator for a model of sales and
savings of the following form

Y. N
X;

where y; IS a randomvariable with expected val ue of
zero and a variance of o2,

3
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Vi ghted Mean )
A second estimator for the dollar value of savings Fer dol I ar of
sales, B, is a weighted average of the sample savings-sale ratios;
g = EY§
T X3

The above estimator is a weighted one since

B = E Y. . x.

= M ex

In contrast to the unweighted nmean which gives equal weight to each obser-
vation, this estimtor grves a weight to system i which i's rproport|onal

to the magnitude of sales for that systemas a per_centa?e of total sales
for all systens in the data base. This estimator is a [east squares
estimator for the follow ng model:

Yi
~y— =B+ uj
Xi a8y Xy
X
w]@erze us 1S a randomvariable with an expected value of zero and a variance
Ol 2.

While the estimator for the variance of the sanple mean is straight forward,

being equal to n
> G-
i=1 (

n(n-1)

the estimator for the variance of the weighted mean is not quite so straight-.

forward. It equals .
Y -8 2 X
E' . (__-r']i- /X
i=1

(n-1)
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Logarithm ¢ Model

~ The two previous estimates are maxinum likelihood estimators for a
savings-sale ratio which is normally distributed. However, the nornal
distribution is a symetric distribition With infinitely long tails. ,
Since the savings-sales ratios are by definition nonnegative the normality
assumption is clearly an approximation. The distortion in estimating B,
the average sales-savings ratio, which may result from this approxinmation
Is especially troublesome if B IS small. An alternative estimator is one
based on the assunption that the savings-sales ratio is lognormally dis-
tributed. The lognormal distribution i's a nonnegative distribution which
provides a better estimate if B is small. The underlying mail is:

__X_,i - S nl_i’

\AhereI u- i lognormally distributed. Note that this model is linear in

the logarithms “so that
]n(—‘Yi) = In g + Inuj
X3 :

where 1n uj s a normally distributed random variable with an expected
value of zero and a variance of

The estimator used for B is the so-called "jackknife" estimator, as dis-
cussed by Mitler. ' Estimation of the variance of the Jackknlfe estimator
Is also ‘discussed in the same reference. The logarithmic mode] Was the

oHe used to estimate the average savings-sales ratio in the main body of
the report.

Conparison of Results

~ Table A contains the results of estimation of the savings-sales ratio
usi n? the three alternative estimators. The unweighted and weighted neans give
simlar results. As one would expect hoth estimates are higher than the
results using the logarithmc model.

1. Rupert L. Miller, "A Trustworthy Jackknife," Annals of Mathematical
Statistics. vol. 35 (1964), pp 1684 - 1695.
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Table A

ALTERNATI VE ESTIMATES OF AVERAGE SAVINGS-SALES RATIO

Total Savings

. Logari thmc
Sample Mean Vi ghted Mean  Model
Average Ratio 21 .16 14
Standard Error .03 .02 .02
R&D Savi ngs
Average Ratio .0 .6 04
Standard Error .01 01 .01



