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A. BACKGROUND

I+ iIs +he intent of +his analysis *o observe pas*

historical growt: <rates >f *te acdjuisition cost of U. S.

.Jo

Navy ships and +*heir in%sraction with the changes 3in crosw

a
size, tonnage and electrical gsnerating capacity. Thkzse

v

re
indicatcrs of the flow of alloca*ing Navy —resources in =
ctanging environment %*o mz2t the Navy's mission in relaz »Hn

*o0 national strategy - n>+* Jjust £5r war a*t sea but ~r
peacetime missions as well. By obszrvirn the long
relationships between fl22+% value, fleet tconnage, b,

manning and fleet generating capacity by classss 2and “ypes
of vess=zls, this study is a basic building block in =hs=
validaticn and limitaticas ¢f£ forscasting the future Navy
based or these listorical grewthk <“rends, I+ addressss

m

basic question cf aggregation, namely: can *reads be
spotted ir aggregated data *hat arsz not obvious when more
detailed observa+ions are exzmined?

The Uni+ed States Navy is ccmpos=2d of manned ships and
aircraft, bo*h supporzted by a large logistic infrastruc+ure.
I~ is +he :intent of this analysis “o suppcrt ths policy
aralyst in viswing +the Navy's past flz2et trends and in
predicrtirg its future course in acguiring new naval vassels,
by conducting a macro-analysis of Navy ship asset valusz
changes that+t occur cver time. Specifically, *his analysis
will suppor* the ongoing Navy Resource Dynamics Model spon-
sored by +*he Office of Naval Research.

In ar interview opressnted in th2 October 1982 Issue of
ALL HANDS magazine, (Ref. 1], <wo months after relieving
Admiral Thomas E. Hayward as Chis of Naval Opera*ions,

A M e i e R - - e e e A
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Admiral James DJD. Watkins stated that readiress, <siustain-
ability and wmcdernization form the basis for our decision
making gcals and objectivas in +hz U.S.Navy for the next %fan
y2ars. With regard %o modsrnizing our Navy, Admiral Wa*kins
arjued

""g ace modernizing our ¥avy, rot just to satisfy paro-
chial reeds but becauss 0of" the.inCredible increase in
numbers and quality of Soviet Union forces. Our objec-

“iyes and gouls ars, of course, _in consorance _with the

fact <ha:t "*the United States Iis largaly depandent upcn

the sea lines cf commuaications for its survival, as are

our allies."

Frecm conception thcough rasearch and development,
design,procurement, and delivery, i+ *akes a lorng *ime arni
an encrmous effort f£cr a naw class of ships %¢ roll down the
launchway and become a commissioned vessel, A1l =his mus=*
occur pefore the new class of ship becomes an integral parc*
of <+he Navy operating forces fulfilling national VNaval
strategy. Relialle sourcas often state that *his time frams
is about fifteen *o *twenty years. This 1length of +*im2

imposes Adifficulty in answering *“he following ques*ions:

<4

Wwhat is happenin <0 the basic <characteristic desig. of
g

L
=

Naval ships and how has 2 design zvolved? Wha* character-

istics will ships built ¢ vears from now have? How much

Ww
je}

is 1% geing =0 ccst the +=axpayers in *he year 1995 for <his
new Navy ship so earnestly desire2d? And, how mpanv destroyer
*ype ships, for instancs, will “he Yavy be abls to build in
*he year 2000 if ccnstrained by a certain fiscal maximunm
amount? I- is the iatant of =his <+h-sis *o help aLnswer
“hese questions ty s=udying relevant historical growth rates
<hrough *hr2e different m2thods and a<%*empting <o explain
thair par*icular results.

As previously quoted from Admizal James ). d3a~kins,
mocdernization cf +the U.S.Navy is

one Oof *he thrIee primary
goais and objec*ives during his ten

iure as Chief c¢f Naval

10




S

T

A G A0 Sn e SUL N SN B oy
- PN

PN S b I SN SN A NN N ARC I

——
-

v

r

p———— " PrTE——— e P ——— o ———

Op=sraticns, Mo dernization has occurred *hroughcuz hiszory
in all walks of life, howzver, 3its impac* has drama*iczlly
changed +he marner in which Naval seapower strategy and
taczics has cecertly evolved. Thas, modernization of +he
flsezt is arn ongcing evclutionary acquisi+ion process that
has produced charging characteristics in ¥Navy ships. Many
factors c¢f interest which are measurable from available data
include suchk i*ems as ship size, tyoa of propulsion s-an-
dard tornage, generating power capazity, acquisition cost,

and crew requirements arz detail=d in Resource Allccztions

in *he U.S. Navy: Perspec-ives and Prospects, [Ref. 2]. By

observing *he basic changes that occur in these measurabla
characterstics of the flz2at and +their ratios to acgquisi+«ion
cost (edjus=ed Zfeor irnflation *o cons*ant dollars), observed
cos=ing *rends will cccuc over +ime and are measurable.

It is ZImpo:tant to discuss the various categories of
U.S. Navy ships In ordsr o maintain consis*z2ncy “hroughou+
this arnalysis.First of all, each ship ia “he Navy belongs to
a specific class of ship. Evary ship in +hat specific class

the same DHasic design charactarcis+ics. These basic
design characteristics are the same =van “hough the ship may

be built in “wo éifferent shipyards on “wo diffaren< coas*s.

(8]

For example, US3 Gallery (FFG-26) is an Oliver Hazard Perr
ciass quided-missile frigate. Her dimernsions, propulsion,
Weapons suite, crewsize, ztc. are 31l the same as USS Cliver
Hazazd Perry (FFG-7), thz first ship ¢f£ +he class. Bach
class c¢cf£f ship belongs to 2 particular *“ype of ship. oz
example, the Brooke <class and Perry <class are ¢he =wo
classes of ship +ha< comprise the uiied Vissils
Frigate (FFG) tyve of ship and perform approximately +he same
mission requirements £or the Navy. The Brooke and Perrcy
have different ‘tasic design featurss, Fer =2xample, <=he
Brooke ciass ship has a steam driven propulsion plart

w
the Percy class has gas zurbine propulsion. Each “yp2 of

11
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ship car likewise be groupzd i~to major types ¢f ships. For
exanmple, amphitious ships ané aircraft carriers ace <wo
major types of ships. It shculd be rnoted that as =hess
different categories of ships are grouped *ogether, =*hey
compriss 2 mixture of characteris+tics. The Navy ships as 2
whole entity are often called the flset or the force.

Thus, each ship «class that is built can be defined in
specific <erms such as <onnage, speed, crewsize, etC.
Hewever, wher a group of ships is aggregatsd tcgether,

describing *he <c¢verall characteristics as i+t changes over-
+ime is an 2volut*tionary dynamic procsss worth studying. The
concept cf system dynamics which has been forwardsd by Jay
e Forrester in [Ref. 3] is appropriate to the s+*tudy o€
U.S. Navy ships. This >verview ¢o2 the growth process is
beirg conducted ty Dr. BRolf Clazk, R=2search Professer of
Operaticns Research of Tha Gecrge Washing*on Universizy, in
his Resource Dynamics Mod=l.

Rescurce Dynamics is an ongoing resea-ch procjec= for
understanrding naval force a2vclution and naval force furding
raquirements. I+t 4is 2an in*tegra:*sd <rcesearch effor* of
acderate scope which complements <+<hz2 Planning Programming
arl Budge*ing System (PPBS) in zhe VNavy by independently
est imating force levels and their associated budget require-
ments over <he lcng +ern. Additionally, Resource Dynamics
pcrvides rapid response and crder »>5f magrnituds answers <o
Yavy pclicy questions. As designed ir [Ref. 3], Rascurce
Dynamics provides projections in%*to the fu=ure which ar2
"varame+rically" derivad. By analyzing past trends and
analyzing policies, paramztezs a-e ob*ained statistically,
and these parame*ers are used to simulate +the future under
alterpative policies. A picture 2f the basic diagram and
interac=ion flow of +he Navy Resource Dynamics Modzl is

shown ir Figqure 1.1 .

12
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Withcut going into 2 detailed sxplaina“ion, an exzmpls
of a set of assumptions for the Rssosurcs Dyramics Model is
shown ir Table I . Th
+ions is shown in Figurs 1.2 . It is noted that there ar=

[

resultant sutput from these assunp-

assumptions listed in Table I which will not be addressed in

this thesis. This study will not 1look at operating and

maintenance (06M) costs, aircraf+t data, moderniza+ion costs

0T manpcwer compensa*icn costs. Skips, <crewsize of ships,

generatirg capacity of =ships, and acquisi*ion cos*s ar=2
-

erface with *he

T BN e

investiga*=d in this analysis. The in
Rescurce Dynamics Model in Figurs 1.1 is shown in <wo
N places, nramely the budget for prccuremen+t funds and +the
% charac+eristics cf the flzet. Thus, *his study =zddresses
' only a por*ion of *he Resource Dynamics Model a2nd i+s policy
i; implicetions.

% The 1e-hcdology with which the system dynamics,

described in {Ref., 3], operatss regquires rfates and ra*ios as
primary Inout variables to> the feedback loop of the svstem.
Since, <the primary purposas ¢f +th= Resource Dynamics Mcdel
is +*o ccmplement <the PPBS process arnd +*o provide gquick
response *o0 policy questions, i* is iapor*ant that “he rates
and ratlos provided <£or the mod=2llirg process accurately
desczibe *he flow of resources in +ths system.

14
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Thus,the study of empirical proporticnal growsh =rates
for U.S. Navy ships and *he subseguent flow of rescurces and
technolegy in this aralysis are expac:ed *o be integra<ed
into the ongoing Navy Resource Dynamics Mcdel, One cf the
input features of Dr. Clark's model is ship uni:t cos%t char-
acteristics growing from historical rates, adjusted for
recent trends and adjustsd for complexi< changes., This
study is a re-eszamirnatica of *he basic ship proportional
acgjuisition cost growth rates. By attempting to disaggre-
gate in various ways and utilizing various computer methods
to “ry to produce the best overall growthL rates and also
produce the best type of ship growth rates, +this thesis will
pzovide these ofptions and their 1limi+tations as arn updated
irput for Dr. Clark's Resource Dynamics Model.

The proportional growth rates o be s+tudied in +his
aralysis are units er dollar(asset valu=2),generating
capacity per doilar, tornnage per dollar, and crewsize per
dellar. Two relevant quastions o this analysis are: Why
should these rarticular proportional growth rat2s be
studied? and Why are all four growth ra%tes expressed as
"per Jollar"™ (o1 asset value)? Classical <ecorcmic theory
has three +traditional :inpu*s to a1 ©production function.
These are manpower, enargy and =guipment. All +three of
these are copresented in this aralysis. Addi+iosnaliy, as in
most business decisions, capital o9or +he budget £funding
avaiiability drives +he acguisition 3dscision-making process.
dithin the Departmen* of Defense,the o2ne variable which cazn
be indirectly cortrolled is the budgae<. The other 2xplaina-
tory varlables are fcr the most part fixed. Thus, +hzough
the use of proportional growth rates(per dcllar), this study
attempts to help translates “he budgstary considecations to
the observable element of <he Navy's production function

which is the compositicn of the fleex. By <studying =he

17
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exogeneous variatles as trends in ation to ship value,

ral
the resuitant policy implica*ions become mcre observable for
the decision makers.

The proporticnal growth rates studied in this analysis ‘
are not so easily ob*ained in the Navy because *heir effects ‘
or the classes of ships ars not th2 same. Yot only are the
ship class characteristics no* <he same, but +the new classes
created cver tige have different characteristics as well. ;
This difference in the Navv's ship class characzeris=ics is
the reason that weighting factors must be utilized in aggre-
gating the various non-homdgenaous “ypes of ships. A strong
trend may exist in a particular class of ship. Yet when the
class is grouped wi+th simiiiar shios into i%*s major mission
type, the impact is minimized. The ship's uniqueress may be

overpowered in quantizty o cost of othsr classes.,

[ 5]

Therefore,even if a trend is stzong in a particular class of

al Yavy trend bescause it is

ot

ship i* may not affect *hz

[
w

o
such a small input to the whole fla=%. For this reascon i+
is impor+*ant “hat the "bast" overall proportional growth
rates are utilized. "3zs+" implies smoothress,consistency
and s*abili+y. To answer “he design question of wha* the
charecteristics ¢f a new «class of d=sstroyer built 3:in the
year 2000 will be , requires the assumption of consistent,
smooth grow«h if the systzm dynamics concept is utilized *o
solve it,

The United Sta*tes Navy is not only changing in quantit
of ship forces bttt in mix as well. Before devising his Navy
Resource Dynamics Model, Dr. <Clark conducted the historical

Navy from 1962 %5 1977. This

stock ard flow analysis of th

aralysis was published

ocations ia the U.S. ‘

as
Navy: Perspectives and Pcospects. document served as

s
“he date base anc¢ conceptual basis £5r ths Resource Dynamics

Model. An update on the 3=2neral change

'.l

n fleet composi+tion
ard individual ship characteristics as presented in +hat
working pap=r, [Bef. 2], Zollows:

18
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It is apprcpriate to digress briefly ard aen+ticr <he
ship <classes leaving and entering the fleet during *=he
historical period of irteres* in this analysis. The period
1962-83 saw the exit of many remaining World War II ships--
the Hancock and Essex class aircraft cerriers, the Des
Moines, Saint Paul, &and Canberra class cruisers, the Sumner,
Gearing, and Ple*cher class destroyers, and the Edsall class
escort all lef+ the flest. Only a few of +the most recen+
diesel submarinres remainzd. The Guppy classes are decon-
nmissiored and are replacad by nuclsar subs. The Desoto
County, Terrebonre Parrish, and Tablo% County landing stips
(LST's) are gone and have been rsplaced by larger, faster
amphibious ships. New classes have names already famous:
the ballis*ic missile submarines (SSBN) Lafaye*te, E*han
Allan, George Washington; the Los Angeles, Sturgecn, and
Narwhal class fleet submarines (SSN); the Nimi+tz CVY, <+hs
Virginia, Califcrnia, ani Belknap cruisers, the Spruanc?
class destroyer, and *he 3roocke, Garcia, Knox, and Perrc
class frigates, all have made their debut. Amphibious
forces saw the introductinsn of the new Tarawa=-class heli-
copter assault ship (LHA). Mary names--£00 numerous to

ment ion all--remained active +hroughout; Tullibese,
Enterprise, it+ty Hawk, Porrestal, Midway, Long Beach,

Bainbridge, Adams, are a faw.

Dr Clark's synopsis of +the chang=zs in the compositior of
the Fleet Is still appropriate to this analysis covering
1962 tc 1983. 1In [Ref. 2], Professor Clark stated:

.. "The data in this aralysis is wmade up of such indi-
vidual ships. Slowly but noticeably, +their procession
changed the characteristic¢s of the flee*. The fleet is
§a§ter, more crew-conscious, anil more powerful than

e& Ore -

During the 1962-77 period the, K mix of shiﬁs changed
and so did the characteristics of inpdividual ship *ypés.
There are fewer ships now and less to*tal *onprage. Large
increases in submariras_  and decrsases in  aircra®~
carriers and -surface combatants, have occurred. , MYine
force ships_ haye practicall disappeared. Amphibious
ships s*tayed relatively constant 1in aumber. Ther=2 ncw

19
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are larger _ships with _more nuclear E;opulsion, olijer
carriers and SSB8N's, anl different amphibious forces."

With so much change in the composition of the force, it
is difficult to easily s22 relationships, most especially
proporticnal rates, that are constant in U.S. Navy ships.
Trhis thesis searches for those relationships that are the
driving influences +o the acquisition cost process. For
that reascn, unit per dollar, créwsize per dollar, gener-
ating capacity per dollar, and tonnage per dollar are +he
four growth rates s+tudied. They help defire the =2volu-
tionary process c¢f changes in the flee+, providing insight
on the future direction of the £flset as it continues to
modsrnize. And, they are derived to direc=ly assist Dr.
Clatk ir his ongcing Resource Dynamics model.

B. INTRODUCTION OF A NEW CLASS OF SHIP

Before observing the data base it would b= beneficial %o
observe *he affect of thes prcportional growth rates when a
new class of ship is 1introduced. The Spruance class
des<royers have teen selected as an 2xample for intrcduction
of a class in%to the flee<. The pertinent basic data on tha
Spruance class is display2d in Table II .

The Spruance class Jdastroyer was +*he f£irst dest:icyer
(DD) +c¢ be 1introduced in the fleet since +the last Forrest
Sherman/ﬁhll class ship, USsS Turner Jcy (DD951), was
launched in 19¢8. Thare were numsrous guided nwnissile
des*royers (DDG), frigates (FF), and guided missile fzigates
(FFG) introduced during +his intervening +*ime period of
1958-1973. Corcurrent with the introduction of the Spruance
class destroyers in the 1970's was “he decommissioning cf
rumerous Gearing, Carpentsr, English, Allen M. Sumner, and

Fletcher class <destroyers. All of *hese destiroyers were
buil+t shecrtly before, during, or shortly aftar World War II.
=
2 20
|
b
-
LJ- el e e A e A - el A A A e o oA e 4 . . .o a h_,_,_}




DM~ IR
PP - .,‘\.|'¢'l

TABLE 1I
Spruance Class Basic Characteristics

Nape Acguisition Cost Stardard cLew
I8 198U DolliIs I5nnage 5223
Spruance 377,869,000 7,300 353
Gererating Launch Number in
Capacity Yeat CommiSSIon Now
€,000 KW 1973 30

.

However, +these graceful "Greyhounds" of the flest wers
becoming obsolete in terms of techrnological capability %

o

fight the modern Soviet “hreat and were reaching the end of
their malntenance sustainability.

The Spruance class destroyer was conceived, designed and
analyzed in +he mid 1960's as a replacement for the aging
Worldé Waxn II destroyers. Althcugh it was an inevi“able
Tequirement to build a new class destroyer, Admiral
MacDonald, as Chief of Naval Operations was the insrumental
catalyst tha*t becan *he gestation of dasign aand planning for
a replacement dJestroyer. It analy*ical requirement was

S
lee: Zscort Forgcs Level study,

solidly based upcn the Major
[Ref. 4]. This Chief of Naval Opera*ions study was
published in duqust,1967 and it strongly influerczd <he
characteristics c¢f <+he Spruance class. After engineering
design pians were formaliza2d4, the Fiscal Y=zar (FY) 1969 New
Cons*tructiorn Program requast=2d funding £for the first five
ships of this class. The funds were denied by Congress. 1In
the Fiscal Year 1970 Program, Congress approvad funds for

the construction for five ships. Howevar, due to incrzasing
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costs, the Department of Deferse was forced *o cons<ruct
only three ships under the FY 1970 progranm.

USS Spruance,the lead ship of ths class, was launched 19
Novamber 1973 and was commissioned 2) September 1975. Thus,
she took approximately two yesars from launch *o commis-
sioning and was effectively introduced “o the fleet in early
1976. Four more Spruance class des*royers were commissioned
in 1976, followed by five in 1977, =2ight in 1978, s=zven in
1979, five in 1980 and ons *¢ be ccamissiored in 1983.

Jane's Pigh*ting Ships (Ref. 5] provides an overall
synopsis of the Spruance class characteris*ics., She is
designed with an extensiva use of +he modular concept to
facilitate both initial construction and block moderrniza+ion
59f the ships. The ships arz2 highly au*tomated, resulting in
abou*t a 20 percent reduction in perscnnel over a similiar
ship with comparable systams.

The primary mission of the Spruance class destroyer is
anti-submarine warfare Including opsrations as an In%egral
par< of attack carrier task forces. These ships are *he
first large U.S. Navy warships to employ gas turbine oropui-
sion. Tach ship has four general 2lectric LY 2500 marine
gas turbine engires and control pitch propellers. The ships
ara fitted with advanced self-noise reduction features.

ree gas turbine generators are irstallied, each with 2000
kilowa+*ts of generating capacity.

Each Spruance class ship has a standard displacement of
7,300 tcens and is historically larges for a destrcecyer. She
carties a wartire,onboard ccmplement of 353 crewmembers.
Bach ship 0of +he class has +he same characteristics as USS
Spruance except for the acquisition cost. Thus, tonnage,
crewsize and genera*ing capacity ars all the same for each
ship of +*he class and acquisition cost is the only major
difference between units of +he class.

22
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The acquisi+ion cest for each ship is 4differen~, -evern
when adjusted fc¢r infla+ion (constan% year dollars). In
shipbuilding as well as other iIndustries, i< is a s=andari
business practice to produce cheaper per uait ccsts when
pmore units are Dbuilt. Additionally, there =2=xists a
“"learning curve" where *h2 employer bzcomes more efficient
in producing new prcducts as he »uilds mecre units, Thesa
tasic businesis facts coupled with the government's practics
of year by year coniracting produces variabili+<y iz <the
acjuisi*ion cost of each unit or ship built.

A year by year display of +the2 acguisi*ion ccsts for the

TABLE IIX
Acguisiticn Costs for SPRUANCE DD Class Ships
Year Tctal in Avg. 984 Total 1984
Class st Acg. Cost
%dlrs) M?dlrs)
1976 1 436.432 436.43
1977 5 361.865 1809.32
1978 10 317.150 3171.50
1979 14 299.539 4193.55
1980 20 285.003 5700.07
1981 29 272.658 7907.08
1982 30 272.505 8175.16
1983 30 272.505 8175.16
Spruance class ships 1is presented in Table III . This

information was obtained from <*he da+*a base used in <his
analysis. The data base will bz =2xplained ia detail in
Chapter II.

23
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Utilizing forward differencing, which will be described
in Chap*ter III, +he four ©propcrtional growth rates Zcor <h2
Spruance class ships which wi1ll be studied in this aralysis
are displayed in Table IV . The information from Table III

was utilized in the forward differencing technique <o create

TABLE IV |
Growth Fates for SPRUANCE Class Destroyers ’
Year Onites / std.Tons/ 52n.Cap Crew Size/
Dollar Dollar Dollar bollar
1976 0.170857 0.170857 2.170857 0.170857
1977 0.123567 0.123567 0.123567 0.123567
1978 0.055528 0.055528 2.055528 0.055528
1979 0.046&528 0.048528 0.048528 0.048528
1980 0.043317 0.043317 2.043317 0.043317
1981 0.000559 0.000559 J.000559 0.000559
1982 0.00C000 0.000000 J.0000CH 0.000000

the grow~h rates in Table IV .

s important to no*e hers

that the forward differencing procedurs utilizes the average
acguisi+ion cost of the ships of <the class tha+ are i:
commission +hat particular year. This can be seen by
looking a* the zverage acjyuisition cost in *he years 1981
and 1982 in Table III . Since the average acguisi<ion cost
decreases only slightly from 272.658 millicn %o 272.505
miliion dollars and the <forward differencing +techniqgue is
utilized, +he growth ra*s for Units / Dollars(Milliecn) in
1981 is only 0.000559. And, because all Spruance class
ships have the seme *“cnnage,crewsize, and electrical gener-
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ating capacity, the four propor+ional growth rates in any
year are equal. This is true sincs the only changsz is in
cost. It is also of note that <“here was no change iz 1982
in the growth retes of Spruance <class ships as showrn in

Table IV . This is because no Spruance class ships wzare

introduced or decommissioned in 1982 so +here is conse-
guently no change. Although Table IV is therefore no+% vary
complex ,it illustrates ons of the 2ffects thz% is changina
+he TFleet. Also,when the Spruanc: class jata is *¢c ©be
grouped with type,majer type, or the fleet, *hese grcwth
rates are needeqd.

To show the 1learning curve 2ffect on *he Spruance class
ship, & ©plot of re of the Spruaace class growth Tates
against years, as formulated by “he data base and *the year
to year forward differ=sncing *echniqus, is iisplay=sd ir
figure 1.3 . I+ should be noted tha* “he other grow=h rat*=
plo*s over time will be in exactly *he same form as *“he
Uni+/Dollar growth rTate which is shown.
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- Fiqgure 1.3 Unit/Dollar Growth Rate for SPRUANCE Class.

An in+erestirg effect on the proportional grow*h rates

occurs when the various homcgensous classes of ships aze
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aggregated with other classes +o form <+he non-homogszsrecus
categories ¢f tyres of shipns and major +ypss of ships. As
mentioned in tke Dbackground section o¢f *“his <chap-er,
numerous World War II destroyer (DD) classes of shios were
decommissioned during +*+he la+e 1960's and early 1970's. The
Sumner, Gearing, and Fletcher class des*royers all lz=f+ +he
active fleet with some remaining as =ceserve units tefore
being retired frcm +he Navy. This excdus cf ships, coupled
with +the introducticn of the Spruiance class can best be
described visually with plots of number of anits active or
reserve, average standard tcnnage, average crewsize, average
generating capacity, average acguisitior «cost and +o*al
acquisition value of destroyer (DD) type ships agains=t time.
These plots are displayed in Figures 1.4 +*hrough 1.9 orn *he
followirg pages ¢f *+his sectiocn. A ver*ical line has been
drawn *hrough “he year 1975 in =all 5f th=2 abhove plots indi-

cating thrhe *ime when *he first of *hz Spruance class became

an active fleet nmenmber. These vwvisual plcts display a
consistent destroyer typs force from 1962 <+o 1967. In
Ffigure 1.4, there is a sharp drop in *he tutal number of

destroyers a2specially in the time psriod 1969 to 1973. Ir
Figure 1.5, the avaeraga +*cnnage of a destc-oyer remained
cselatively “he same until the Spruance class was in+troduced.
In Pigqure 1.6, <the older Adestroyers which were decommis-
siored caused a rise in *he average destroyer crewsize
before *“he introduction of +he Spruance class. In Figura
1.7, it is evident thaz +the Spruance <class has grea<ly
increased generating capacity ov2er <-he o*her dest:
And, in Figure 1.8, thera was some irncrease in tae a
acquisition value cf <+the destrcyers before =he Sp
class arrived. However, it is obvious =hat Spruance i1s much
more expensive ttan *he other des*royer %<ype ships. Figurs
1.9 ,ia concert wi*h Figure 1.4 , shows an interesting
result, With ore-fourth of the number of destroyer ships,
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the Destroyer type in 1582 has more than one-half of <he
cumulative acquisition asset value thar it had in <he sarly
3 1960's.
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Figure 1.8 Total Number of DD Type Ships during 1962-1982.
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Fiqure 1.5 Average Tonnage of DD Type Ships 1962-1982.
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Wher decommissioning and retirement beganr to occur in
the smallier, older World dar II <class destroyers in 1969,
its effect shows changes in the average des%royer *type chip
long before the introduction of the Spruance class ship 1in

1976. These effec*s were shown 3in TFigure 1.4 <through
Figure 1.9 . The evolutionary numerical tabulatiorn of
these ckanges and the resultant "average" destroyer ars

displayed ir Tatltle Vv . I+ is notawor=<hy <that all of +*he
"average" destroyer (DD) statistics increase over +inme. A
decrease in numerical value follow2d by a short peak arni
then ancther fall occurs to both <+the number cf ships and
+he total acquisition value of destroyer type ships listed
in Tabie V .

And finally, the effect on the proportional growth rates
to be studied 3in <this analysis for the sample case of
dest-oyers is displayed in Table VI . Thus, it is =viden:
that when autilizing the forward differencing technique,
theze acze multiple effects occuring *o a *ype o0f ship <%hat
occur over +ime . Both introduction of new ciasses 7% ship
and exit from the fleet 2f older classes have an impact on
this methodology.

A digression into in*erpretation of scme of the entries
and trends in Tatle VI and its relationship with Tablzs Vv is
importanz. It is noted that ther2 were no new ships in=ro-
duced c¢r old ships decommissioned in the early 1960°'s.
Thus, <here are zerc growth rates in all four cos% catego-
-ies. In the late 60's and early 70's, there are changes in
the "average" destroyer statistics shown in Table Vv . This
is also evident in all four growth rates in Table VI showing
negative values fketween 1968 and 197S. Also, it is impor-
tart to no*e in Table VI +he changss in growth ratss *ha+
occur beZore and after ths Spruance class is introduc=d. 1In
+he standard tons per dollar (asset value) growth ra*te, <he
Spruance class introduction actually causes a shif+ frem
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TABLE V
Average Statistics for DD Type Ships During 1962-1983
Year Number 2vg Avg Avg Avg 84 Tctal |
of Tonrs crew G21n. CoSt ir Value |
Ships Size Capacity M (dlrs) MN{(dlrs)
_ 63 197 2329,.44 270.396 1933.33 86.157 16972.9
4 64 197 2329.44 270.39 1933.33 86.157 16972.9 !
9 65 197 2329.44 270.396 1933.33  86.157 16972.9
i‘ 66 197 225,44 270.396 1933.33 86.157 16972.9 !
- 67 197 2329.44 270.396 1933.33 86.157 16972.9
?i 68 197 2329.44 270.39 1933.33 86.157 16972.9
g 69 192 2333.98 270.740 1933.32 86.355 16580.2
70 155 2381.94 274,110 1933.33 88.342 13693.0
71 131 2398.09 274.786 1933.33 90.102 11803.3
72 124 2L12.,30 275.702 1933.33 90.800 11259.3
73 102 2434.56 277.71%6 1933.33 93.372 8524.0
T4 69 2497.83 281.449 1933.33 100.389 6926.3
75 6u 2507.03 282.6417 1933.33 101.988 6527.13
Spruance Zlass In*roduction _______
76 60 2593.75 285.367 2187.50 109.263 6555.8 |
77 53 2¢83.96 294 .906 29503.00 132.3u4 704G.7
78 52 3463.46 304.058 3567.00 152.204 T7I914.5
79 51 3666.18 311.824 4000.00 167.311 8532.9 5
80 51 4439.71 322.294% 4352.94 187.200 9547.2 ‘
81 60 4868.75 326.900 4697.67 195.904 11754.2 ‘
82 61 4¢08.61 327.328 4727.27 197.087 12922.3 ‘
e 83 49 St32.65 323.980 5636.36 206.792 10132.8 I
s %
g ;
E
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0 TABLE VI
- Cost Growth Rates for DD Type Ships 1962-1982
N rear Boifaf  SpoifaRs  S3RifER CE3N.ETRY
. 1962 0.00000 3.000000 0.000000 ¢.00000
1963 0.00000 J. 000000 0.000000 ¢.00000
1964 0.0C000 0. 000000 0.000000 0.20000
1965 0.0C000 0. 000000 0.000000 0.00000
1966 0.00000 0.000000 0.000000 €.00000
1967 0.0C000 0. 000000 0.000000 G.00000
1568 -0.00230 -0, 000350 -0.002300 -3.00103
1969 -0.02301 -0.002415 -0.023009 -0.010433
1970 -0.01992 -0. 013044 ~-0.019916 -0.01710
1971 -0.0C776 -0.001823 -0.007758 -0.900441
1972 ~-0.02832 -0. 018919 -0.028321 -0.02036
1973 -0.07515 -0. 047916 -0.075148 -0.06039
1974 -0.01593 -0. 012205 -0.015935 -0.01165
1975 -0.07133 -0.035513 2.053147 -3.06110
fpruarnce Class In*rcduction ___________
1976 -0.21581 -0. 056820 0.098445 =N.17648
1977 -0. 14574 0.012886 0.050585 -0.11125
1978 -(.0¢926 0.015245 0.021661 -0.07188
1979 -0. 11888 0.025663 -0.028156 -0.08253
1980 -0.04649 0.045726 0.030303 -3.03175
1981 -0.0C604 0.002129 3.000259 -0.00472
1982 -0.04924 J. 051970 0.119991 -0.06009
negative growth to positive growth. Although not as
pronourced, the same effect occurs with the generating
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capaci<y per dollar growth ra<%e. Thaese “rend relaticnships
h

are not difficult *to obsarve at the class and <+ype level.
However, when acgregation in<o largsr groups occurs, =hese

trends become opaque ard nard to de*esce

There is also evident in these A4di ys 1 dependence

a
between years as one observes thes =2volutionarvy process of
e

tha Navy as it mcdernizes itself. This 4 ndence between

o
Ul

years canno* be avocided as one observes +*he flse* changing
over time. The Fleet car only be changed so fas-=. Thus,
+he deperdence ltetween yzars becomes a critical differaznce
and a critical assumption in the proposed methods of aggre-
gating the various classes, +types 2and major “ypes ¢f ships
*hat compose the Naval force of the Uni+ted Stat2s Navy.
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E II. DATA BASE

A. DATA BASE DESCRIPTION AND MEASUREMENT

In order to forecast future *rends, it is necessary %o
have data available and make certain assumptions.
Mak-idakis and Wheelwright {[Ref. 6] stated quantitative
forecasting can te applied wher thr22 conditions exist:

1. There is information about thz past.

2. This information can be gquar+ified in the form of
da*a.

3. I+ can be assumed that the pattern of <+he past wiil
ccntinue in the futurs.

This las® condition is known as +*he agsumption Qf consiazncy

and i+ s an underlying premise of 211 quantitative and many
technolcgical forecasting me+thods, no matter how sophisti-
cated +hey may te. This assumption of constancy aust be
kept in mind during the methodology discussions of growth
rates to be presented in Chapter III.

The aralysis in this thesis is Dased on data dsrived
from U.S. Navy soucces, budget Jocuments, ard data made
available from *he Program in Logistics, Navy R23scurce
Dynamics, George Washing“on University. The ma jority of <he
data base was ob*ained from the Navy Rasource Dynamics Model
researchers by ccmputer “apses sen= through the mail. Since
+he main frame ccmputers it George Washington Uriversity and
*he Naval Postgradua*e School are coampatabls Intsrnaticnal
Business Machine computers, it was possible to directly
+-~ansfer *he data base by +*ape for immediate access. Both
facilities maintain <+he Statistical Analysis System (SAS)
issued by the SAS Institute. These :two compa“abilities were
invaluable in reducing da=a base confirma*ion, 10ading times
ard da=a base maripulatica.
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government's

including government furnished equipment

The data base utilized by “his analysis has the iaforma-

n listed
eption.

VII
The acguisition cost (AQCIST)
factual"

in Table and is self-explaratory wi<h

value cf the

(GFE)

acquisition

on2
is supposedly +hs
ship

ard govern-

TABLE VII
Historical Ship Data Base
Category Descriptior
NAME Name of Ship )
HULL Hull Number of Ship
CLASS Ship T¥pe gexamgle: DD fer destroyer
CLSNAME Name of Ship's Class
LNCHYR Year in which shlg was launched
AQCOST Best eszimate¢ _Of th2 acquisi<icn cosz
of that specific ship (ACSTYR Currernt 3)
No convarsions/modifications inciuded)
ACSTYK ear in whicl acquisi+tion of the ship
occurred . .
RETYR Year ir whicl_the ship was retired
{if applicable) .
TONNAGE Standari? tonnage of the ship
CRELW Size of the ¢rew; Ship's manning
document (SMD) £iguras . .
GENCAP Electrical g=unerating capacity ir
kilowatts _ L
DCODE Shﬁp's m=jor type (=xaaple: amphibious
ships
AQCSTS8U Acqugsition cost in constant 1984 dollars
ment furnished nmaterial (GFM). The da=a base 1lis%s over
1500 ships that have been commissioned in tke U.S.
Javy,Naval Reserve Forcz (NRF) and Military Sealif+< Ccmmand
(USNS).
40
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The Rescurce Dynamics data base contains aidi<icnzal
information not utilized in this +*thasis, This iacludes
major modificaticn cost informa*ion. 1In analyzing <hz 4otal
asset value of +the force, tha* particular <*“ype of costing
information can ke critical. Howevar, it was not essential
for the study c¢f acquisition cost growth rates. It must be
recognized tha* a significant portien of the Navy's cverall
budget Is wutilized for service 'life ex*ertion programs
(SLEP) and major modifications to older units as alierna-
tives to procurring anew ships. Its impact is no%+ £el* on
acquisi*ion costs for new Eplatforms . I+ is felt orn %h

number <f new units that can be purchased.

B. DATA BASE LIMITATIONS

I+ is necessary to make some z2ssumptions in crder %o
obtain +he aggregated growth rates o0f <+he Fleet. Some
degradation in “ransformation occurs when transferring from
individual ship data to the aggregatesd fleet lesvel. It is
critical to 2xplain some of *he idiosyncracizs of the data
base and its applicability +to *the forthcoming methods
described in Charpter III. PFor ins*ance, as was presented in
Chapter IB while discussing the Spruancs class destrecyer, iz
wvas apprcxima<ely <¢two years £from launching to “he aczual
commissicning da+e of USS Spruance (DD963). In the forward
differencing <*echnique used in Chapter III, <he figure of
two years is utilized t> 2stimate *hs ships who were commis-
sioned ir a particular y=ar. Thus, 4in *+he daza base,
commission year equals launch year plus twe. Several ships
were ccmmissioned in less *ime and s.::ral ships were
commissisonad over a longar period of time, not ornly for +he
Spruance class but other classes and types of ships.
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Aro+ter self confessed 1limita*ion in “he £for+thceoming
forward differsncing methodology discussed in Chapmer TIT :is
t+he ipclusion of the inactive units which become recommis-
siored after a certain period of inactivition. For
instance, all four of the 1Iowa class battleships arce
ircluded in the commissioned (active or reserve) forward
dif ferencing computations during the entire period of
196 2-1982. An exception 2xists for USS New Ja2rsey which was
retired in the data base in 1970. USS VNew Jers=ay was
brought out ¢f retirement for both the Korean conflict and
+the Vietnam War and was 7Tecently recommissioned for the
fourth time. Thus, the battleships are a unique class of
ship, They do not follow the normal progression of ~ommis-

sioning,active service, perhaps NRF duty ard then

ct
o

retiremernt. It must be emphasized that this da anomaly

=
1]

does not affect the regrsssion methodology, onrnly ¢ forwar?
differencing metltodology.

An acditioral critiqus of the data base is that not ail
ships heve electrical gensrating capacity displayed. The
data vase is accurate with “he recen%t classes and types cf
ships. dowever, +he data base is missing for some of <he
oldzr ships. As an example, when observing the commissioned
ships ir 1962, a total of 852 ships are lef* in +the deata
base when USNS ships and units urder 300 <%ons (Patrol
Combatants and Patrol Hydrofoils) ars deleted. Oonly 181 oZ
these ships have generating power data availabls. Tha cther
categories are mcre compla+e with 823 units haviag *“connage
iaforma+=ion in 1%2, 796 naving crew complement infeormation
and all 852 units having costing information. These gaps
are all closed Gprogressivsly over the years, so that, by
1983, a *o*al of 518 ships are ac:tive/reserve with all 518
having tcnnage ard costing information, 516 having crew size
information and 494 having electrical generatiag capacity
information. This anomoly again directly affects <the
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forward differencing methodology ard not the regression
technaique.

C. STATISTICAL ANALYSIS SYSTEM UTILIZATIORN

A desirable cbjective of any analysis that is conducted
is to meke the final product and its procedures reprodu-
cible. All of the analysis for this thesis was conducted
utilizirg the Stetis*tical Analysis Sys*em, a product of the
SAS Institute. The Statistical Analysis System is an
outstanding user orisnted tool. Once its basic features and
nomenclaturse have been mastered, SAS provides excellen*
results. Not «c¢nly is the Stastical Analysis Sys*tem user
friendly for the operator, especially in thke handling of
error messages, it is also compu*er efficient in its u+ili-
zation of CPU tire. The SAS User's Guide, [Ref. 7], was
pos* helpful in displaying +*he systems ability <o create,
manZpulate and scrt data s=ts. Addi+tionally, the procedure
steps were no* cnly straightforwari, but wesre also well
documented on their utiliza<ien, limitations and special
considerations for usage. Several of +he major SAaS
programs utilized in +this analysis will be disvlayed in
appendices.

There did exis* ore imperfection in this analysis whils
using the SAS computing capability. 1In order to perform ths
Regression Method discussadi in Chaptar III, the slope of the
time-series regression 1line, +the coefficient estimate of
time, could not automatically be listed as an output from
the GLM (General Linear regression Models) procedure in
{Ref. 7). This slope is to be combin=d with other slopes in
forming *he aggregate acquisition cost growth rates for the
entire U.S. Navy.It is understood by this author *ha*t %his
capability will te added to SAS in the £future. This will
reduce calcula*ing times significantly.
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D. ELIMINATING INFLATION EPFECTS

In order to c¢btain "real" growth rates, it is impera+ive
that the effects of inflation be eliminated from the da*a.
Othervwise, inflationary 2ffects can intertwine and distors
the guantifica*icn results. The Daflator Scale 1listed in
Table VIII was u*ilized in this stuiy to bring the acquisi-
tion ces* (AQCOST) of each ship in +he data base to a
“"econstant"® 1984 dollar value. By dividing +the acguisition
ccst (AQCOST) by the deflator of tha year in waich the ship
was acquired (ACSTYIR), all platform acquisi*ion cos%s wzare
elevated toc 1984 "constant" dollar values and stored as
AQCST84 Zn *he SAS data base. The deflator scale liszed in
Table VIII was cbtained from the Chief o Naval Operatiomns
(OPNAV 96-D) S*+a ff.

It must be recognized that deflator scales can noc* be
perfectly absolu*e and 3ifferent defla*or scales exist for
the same '"basket <¢f goods". Ir order *o reduce *he
computing i*erations, orly the deflators listed 3in Table
VIII were u*ilized in this study.
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TABLE VIII
Navy Shifp Construction (SCN) Deflator Scale
D
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A. RESULTS

It is appropriate to overview the preferred =resul+s of
the analysis before delving into-the exact equations and
metkcdclcgy of producing each of th2 three methed alterna-
tives. The four proportional acquisi“ion cos: growth ra%es
studied are unit per dollar, tonnage per dollar, g=nerating
capacity per dollar and crewmember par 4ollar. These growth
rates will be disglayed in the tabulated resulis as GRU/C,
GRT/C, GRKW/C and GRP/C respectivaly. The three methods of
aggreqga+ing the cost growth rates ar2 as fcllows:

1. Method A utilizes a linear lzast-squares time-seriss
regression technique on major types 5f ships and <hen aagre-
gates the data irto the total fleet.

2. Methed B conducts a moving aggyregation c¢f cost grow+!
rates by keeping track of all the commissioned ac*ive ani
reserve ships in a particular year, compares yearly tctals
by class and <+ype of ship utilizing a forward differercing
functior described below and then aggregates *he resul+s;

3. Method C is a combinaticen of Method A and Methcd B.

t utilizes +he forward differencirg function <*echrnique on
the classes of ships for the years in which *hesy are active
OT reserve.

All three listcrical growth Tate ccmputations are
analyzed using fcur different weights, namely:

1. Each class of ship weighted esqually;

2. Each ship weighted 2qually;

3. Each class weigh%2d by the average acquisition value
of that class:;ani
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4. Each ship being weighted by its own acquisi<icn cos=z.
These weigh+*ing factors will be displaved in +*the *zbulz:ed
results as WT1,WI2,WT3, and WT4 respsctively. The choice of
which weigh*ing factor to use is not <clear. Therefeore,an
average, denoted by AVG, of all four weigh+%ing factors will
also be presented in the tabulated results.

The results using time-series regression are <chown in
Table IX . The incorporation of years 1962 o 1983 wera

TABLE IX
Method A Cost Growth Rates Resul<s
Time-Seriss Regressign Technique
(During the Years 1962-1983?
(Expr2ssed in Percen*ages)
GRU/C GRT /C GRKW/C GRrR2/C
WT1 -2.1899 0.211547 3.17215 -0.14756
T2 -2.1121 0.6139 16 2.20314 -0.0378u
WT3 -0.80782 1.37164 2.33942 0.338945 ‘
AVG -1.654 0.833 2.449 0.0537 :
{

chosen *o reflec* the majori«y of classes cf ships which are
presently existirg in the active U.S. Navy 2s i+ exists
today. Additiorally thasse years a-e coirncident with the
same beginring year as Dr. Clark's previcus wock in

(Ref. 2]. Method A thus does not include ships commissioned
before 1962 in its compu<ations. Thirteen major categories
of ship *ypes were selacted as the cferred grouping for
d in Table X . Thesse
major types of ships were chosen to r=2flec* as homecgengous 2

grouping of ship types as possible. The bhreakou+ among

pr
regressicn analysis. They are displaye
2
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TABLE X
Preferred Grouping of Ships for Method A
Mador T Type 2f ships Included
Sira‘ei%c“Submar*nes §§V 241ps 2Leclds
Nucleaflf Attack
Submarires
Ccnyentional Submarines AGSS, SS
Nuclear Cruisers CGN .
Large Sur face AGMR,BB,CA,CC,CG,CLG,DDG
Cémbatants éﬁAH orlented)
Smaller Scrface bD,DE,DER,FF,FFG
Combatants (ASW orlenteci
Amphibious APA,APB,APD,AVT,LCC,LFZ
LHA,LKA,LPA,LED
Minesweeps MCH HCS, MCSO MSH, ¥SO
Auxiliary Az AP AFS AGfs afi 2K, AL
aNi, 25,208, 006G AR s
Tenders, ) AD,AS
Conventioral Aircraft Ccv,Cvs
Carriers
Nuclear aircraft CVN
Carriers
i
—d
surface combatants was done *o reflect *he high - lcw mix of
ships ard their principal missior in the Navy. Although

surface combatants pride themselves In being mulci-nission

capable pla+*foras, it was necessary to reduce *he <ozal

number of ships in that category and it was fel: this was a

reasonable subdivision of <+hose ships. The alterna*ive

grouping of major ~yres of ships, thz
of years studied

changing of the period

and <he regression statistics will be
presented in detailed in Section B of this chapter.

The results c¢f Method B using the forward diffezencinag
functior *echnique
1978 to
technique will
The ships

before

utilizes only a
1982. The forward differencing
ke discussed in

five year <time pericd,

namely farc+ion
Section C of this chapter.
are acgregated by class or by type in each year
*his

resul*s are displayed in Table

being agcregated in*o the whole Navy. For

reason, both class and “ype
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XI for each weiglting factor and are toth u+tilized wher all
the weighting factors are averaged.

Over a signrificant period of timz and with a homcgeneous
type of ship *he results of Method A and Method B =zend to

TABLE XTI
Method B Cost Growth Rates Resul+s

Forward Differencing Technique
of Class (C) ard T;nesTé
(During the Years 1978-1982)
(Expressed in Percentzgas)

GRU/C GRT/C GRK#®/C GRP/C
WT1C ~-3.0414 -0.8234 -).61234 -3.9542
WT1T -1.0285 -1. 2711 2.717061 -1.9624
WT2C -0.3Q492 -0.0086021 0.199299 -0.48512
WT2T -1.3888 0.15829 1.30677 -1.5183
WT3C -3.5695 -1. 201 -%.47433 -4,7931
WT3T -1.0678 -1.3383 0.753308 -2.0511
WTY4C -0.93171 -0.033 344 0.0713668 -1.1987
WT4T -1.1813 0.257659 1.11948 -1.3014
Avg -1.564 -0.540 2.38% -2.158

converge and apgroach one arother in value. How <%0 best

capture the convergernce ard *-y to cep-esent a heterogernsous
body of ships in *he aggrsga*e Is th2 art of this s=udy. As
described in Chagter I, there existed an influence on %he
Navy's basic parameter characteristics as the World War II
ships were being decommissioned in <h=2 late 1960's and zacly
1970's. Since <the years chosen for Method A was 1962 to
1983 and Method A only studied new vlatforas en“2ring =he
Fleet, i+ was essentially describing the newer active ships.
By only utilizin¢ the last five years in Metkod B, it can
elimina*e <*he deccomissicniags conducted in *hs late
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f, 60's/eazly 70's and in that way cap=ures the essence of
<
i recent growth. The results for a twenty ons year
P\ (1962-1982) period and =z ten year (1973 <o 1982) forward
- dif ferencing period are tabulated ir Sectiorn C of this
chap*er.

The results c¢f Method C, using the differencing function
h! technique on the classes of ships ir+roduced into the fleet
3
b |
‘ TABLE X1II '
' Method C Cost Growth Rates Results
X Ferward Diffesrencin Techn que
. of Ciass(C) and g { g
Pe (During the Yeacs 1962-1982)
p- (Expréssed in Percentages)
- GRO/C GRT/C GRKW/C GRP4C
- WNTI1C -3.8004 -1.1642 -1.3065 -2.4712
- WTI1T =4.2214 -1.9132 ~2.2334 -1.643
- WT2C* ~-4.6387 -1.9303 -0.73794 -1.9795
b. WT2T* -3.8588 -2.4647 -1.4817 -2.0533
- WT3C -5.5267 -1.974 -1.4616 -4.1191
. WI3T -5.2307 -1.8146 -1.5909 -3.3406
- WTUC* -7.5915 -3.1242 -1.2552 -3.1034
{ WTu4Tx -3,3438 -1.66 38 -0.88745 -1.7277
! Avg -4.776 -2.005 -1.369 -2.555
b J
p

LM Ty sk ot SMR Sn 0 L SN SR AEL AN ENLA S 0ol he )t e s
. . I‘ .

."
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o

since 1362,
cf differencing
irtroduced into the

fer
pcssible

each ship
XII means

in which

Teasons which

are presented in Table XII .
the
flee+ i1s not recommended for
will
weigh*s WT2 and WTU where,

on 12ad ship

be dicussed Dbelcw.
to prog:am

and its value is counted =qually.
that each class is weight=d equally

*he cless is commissioned or reserve
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WT4* in Table XII means tha*t each class is weighted by i+s
average acquisition value Zor the y2ars in which +thzs cleass
is commissioned. As performed in M=2thod B, the ships ar=
aggregated by class or py t ype. Bcth ciass and type results
are displayed in Table XII for each weilghting factor arnd are
indicated,by a "C" and "T" respec+ively. Again, this method
is not recommended for utilization. However, *his me+hod
was attempted as an altarnative to Mezhcds A and B as a

possible compromise between their faul*s and weaknesses.

B. METHOD A (TIME-SERIES REGRESSION TECHNIQUE)

'. <Thecry Description

Before describing in detail the various methodclo-
gies, i* is ipgportant to define +the stylized facts of
growth. As described in [Ref. 7, p.369], Nichclas Kalder in
1958 wutilized the 1long term relaticnships that seem *o
appear consistent over time as stylized fects, or rcugh
empirical observations in =2conomic 1odzals, These stylized
facts are utilized in grow:th models *that tie these s+ylized

facts *ogether. Often, <+hese long term relationships %ake
thz form of ra*ics. In +his analysis, +the ratics studied
are uni+s per dollar, %orrage psr dollar, generating
capacity per dcllar and crewmember per dollar. The basic

equaticn cf growth ra+e (GR) for an i%em X is:
GR (X) = (X 7 d%) / X (agn 3.1)

It should ke noted +hat whenever the growth rates of ra*ios
are taken (say cost per ton), that over any ZiIncreasing
period cf *ime, the negative value is *he reciprocal of <the
ratio (“on per dcllar). Thus, the growth rates described in
this chapter alsc describe cost per unit, cos* per ton, cos+*
per genecating capacity and cost per crewmember. and, =

nega*ive growth rate of a ra%io over time is also a positive
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growth rete of its reciprocal and has the same magnitude.
For example, in Chapter I Table IV, *he Spruance class
growth rate for tons per million dollars in 1981 was
0.000559 when .tte fcrward differencing techrique was used.
The implied growth rate for cost (million dollars) per %on
in 1981 for Spruarce class destrcysrs is -0.000559.

Rs described in (Ref. 8], “he simplest deterministic
time-series model is the linear treni model. Since *he data
base on the ships consis%<s of discrzte observations made a:
yearly intervals, the long-run growth pa+tern of the +ine
series can be described by the linear *rend model. The time
series is denoted by Y(*). Despitas short-run up-and-down
movements, it is possible that Y (t) might exhibi+ a
clsar-cut upward trend. For example £frem *he da*a base,
+here a-e four nuclear cruiser (CGN} <classes introduced in
the time frame 1962 to 1983. The names of +he classes of
CGNs are Trux*on,Bainbridge,California and Virginia, Figure
3.1 shows a plot of the predicted vilues (YHAT) versus *=he
actual tonnage per dollar value for nuclsar cruisers. The
predicted values were determined by the generalized linear
regression model (GLH) SAS prccedure. The COMMYR is <he
year when the lead ship 5f <the class Is introduced tc +he

n
[N
]

fleet. The valuz of each ship class is the average acqui
+ion cost of the ships in *hat class. As described in
[Ref. 9], <*he actual da+=a which indicatad a growth in *he
ratio of tonnage per dollar value can be compared with the
regression mnodel's przdic+ted valuss, which also <shows
similiar growth.
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In this example, the analysis of variance *able,
3 miscellareous statistics and the parameter estimates of +h2

E: linear regression trend line from the GLM SAS procedure are

TABLE XIII
SAS General Linear Models Procedure
‘ DEPENDENT VAFIABLE: RTC
3 SOURCE DF SUM OF SQUARES MEAN SQUARE
3 MODEL 1 24.85629815 24.85629815
*?. ERROR 2 2.14438056 1.07219028
CORRECTED TOTAL 3 27.00067871
MODEL F = 23.18 PR > F = 03.0405
R-5QUARE cC.V. STD DEV RTC MEAN
0.920580 8.5370 1.03546621 12.12909541
T FOR HO: STD ERROR OF ‘
PARAMETER ESTIMATE PARAMETER=0 ESTIMATE
INTERCZPT -21.05956936 -3.05 6.91240361
COMMYR 0.47753474 4.381 0.09917968
J
Q provided in Table XIII . From the SLM output, Table XITI,
1 the linear 2quation for *he time seriss, Y(t) is as follcws:
k-
- Y(t) = -21.06 + 0.4775 *(t) (eqn 3.2)
{ with: + expressed in two digit years (ex. 67,68, etc.)
! Thus, +*he value of +he —-2:io of tonnage per doilar value irn
K year (:=+1) w:ll be 0.4775 uni%s higher *han *“he previous
i 54




value.The other statistics on Table XIII , especially
R-square which is equal *o 0.9206, indica+te that *his is a
reasonable model to estimate the slope (dX/d+) required for

the Dbasic equation of growth rate in equa*ion (3.1).
Additicnally,the Durbin - Watson +2st for autocorrelation

was performed using +the SAS Procedure SYSREG. In the
majority of cases,the null hypothesis of positive or

TABLE XIV
SAS General Linear Models Procedure

DEPENDENT VAERIABLE: RIC

FREQUENCY: NCLASS

SOUKRCE DF SUM OF SQUARZES MEAN SQUARE
MODEL 1 46.07379821 46.07379821
ERROR 6 3.50347787 0.58391238

CORRECTED TOTAL 7 49.57727608

d0DEL F = 78.91 PR > F = 0.0001
R--S5QUARE C.V. STD DEV RTC MEAN
$.929333 5.6310 0.76414199 13.57019066

T FOR HO: STD ERROR OF
PARAMETER ESTIMATE PARAMETER=0 ESTIMATE
INTEKCEPT -22.8572854 1 -5.56 4.10976086
COMMYR 0.50331573 8.88 0.05€66143

negative co-relation was r=2 jected. Again, this sta+istical

check indicateé that the time-series regression technique is
reasonable for estimating the slope.
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When the growth rate is weighted by the nrumbec of
ships in each <class (i.e. each ship 3is weighted equeally),
the trend 1line changes. In our example of the ratio of
tonnage *o dollar value, there will be four morz observa-
t:ions in the model. There are two California class C3Ns and
four Virginia <class CGNs ir the da%*a base. Truxton and
Bainbridge only have one ship in thsir respective classes.
A trend line recression was run on the SAS GLM procedure

ot

with each ship ccunting equally and the r=2sults are shown on
Table XIV . I+ is notei that the

and the R-square improved slightly to 0.929 when each ship

lope changes to 0.5033

n

is counted as sltown on Tabls XIV . I+ is impor*ant %o
nctice that +this individual trend 1line resul+ will b

(11}

o

combined with other major types +o form the aggregate flee

+rend in growth.

2. SAS Step

itn

The actuzl procedural steps using SAS to obtain +<he
cost growth rates for the =2ntire Navy by Method A follow:

1. Starting with the zntire data base of 1505 individual
ships, USNS and ships with %tonrage less than 300 ar=
delated,

2. Commissiored year is assumsd to be launch year plus
tWO.

3. The commissioning years cf 1952 to 1983 are rezained.
The other units with commissioning ou*side of thes=
dates are dele*ed. (By this me+-hodology there exist
a to=al <¢f 57 new classes of ships Intzoducad iatd
the Navy since 1962.)

4., The number of shios in the class is obtained and is
deno+ted by NCLASS. Also, the average acquisition
value of a ship class is determined and is deroted by
MAQCSTSu,
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5. All units are delated, except for *he 1lead ship ia
each class, Its acquisition cost is replacsd with
the averacge cost of i+s class (MAQCSTS4).

6. PFor the 1lead ships of each class with ZIts zevised
cost (MACCSTS84), the desired ratios are taken.

(Example: ratio of tonnags/dollar = ERT/C =
tonnage/MAQCSTBY) The other ratios are RUO/C, RP/C and
REW/C. ' '

7. The lead ships are sorted by the major types listed
in Table X then:

a) The average value of all above =rca+*ios for ths
ships iIn each major type are computed.

b) Each major type has the GLM SAS procedure rur on
ratio versus ccmmissioned year (COMMYR). As seen
in the nuclear cruiser exampls, the slope of =*he
regression trend line is the output.

8. The proportional growth rates are formed by dividing
the slope by +the average valusz of the ratio %o creats
+he aqrowtt ratios, namely: GRU/C, GRT/C, GRKW/C and
GkP/C.

3. HWeighting Factors

Once the £four growth Tates have be2en formed, +the
fcur weighting processes begin.

Weight ore (WI1) is creatsd by summing the *c*al of
all thirteen madjor types growth rates *imes the number of
classes iIn the major type. This quan*i<y is +hen divided by
the total number of class2s ZIntroduced between 1962 aad 1983
(= 57).

Weight Three (WT3) 1is creatsd by summing the %ctal
of all thir“*een major *voe's growth ra*es times the sum of
the average cos* (MAQCST84) of each class in <tha+t major
type. This quantity is divided by <%he %*o%*al cost of all
classes average costs (MAJQCST84) introduced be:ween 1962 and
198 3.
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By keeping track of the nrnumber of ships in =each
class (denoted by NCLASS) and using the FREQ commané in *he
SAS procedure Means, one can obtain:

1. The average value of each ratio for a major +type
weighted ty each ship. (ex.: MRT/C is the avg. ratio
of tonnagesdollar).

2. Also, +the total cost of all ships introduced ir <h2
period 19€2-1983 (SCST) can'be obtained.

3. Siopes are again taken utilizing *he GLM SAS proce-
dure.However, each lsad ship's ratio value has been
rultipliedé by the numbar in tha* class that have been
acquired during the period 1562-1983. Thus, <ships
with a large number in its class will be more influ-
ential in the regression line determination.

Then <+he weighted growth ra+tes <£fcr weigh+ 2 2and
weight 4 are created.

Weight two (WT2) is the sum over all majcr types of
the grcwth rate +imes the number of ships introduced in +ha+

th

major type. This quantity is divided by the “octal number o
ships introduced between 1962 and 1983.

Welght fcur (WT4) is the sum over all major *types of
the growth =ra*e times the %4o0tal cost of all ships in “ha*
major type. This is divided by *he *otal acquisi+ion cost
of all shios introduced bet ween 1962-1983.

The programs that were ©tilized to create these
proporticnal growth rates by Method A are listed in Appendix
A. They have leen written so <tha* the SAS st2ps ir *his
chapter coincide with the appendix listirg.

Arn addi+ional consideration when utilizing +he
timerseries regression technique is observing the resul*an:
s*atistics. Aeighting factors WT1 and WT3 ornly utilize +the
classes cf ships in conducting the regression. Weigh+*ing
factors WT2 and WTU4 require each ship to be considered in
the regression. Therefor2, for each *time period, *“here are
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two sets of resultant statistics from the lirear zagression
conducted on *he major types of ships. These sta+igtics
provide a measure of the gquality of the time-ssries regres-
sioa mcdel. Table XV provides the regression model
statistics for the ratio of tonnages/dollar when weighing
each class equally. Tabla2 XVI provides the s*tatistics for
the ratic of tonragesdollar when weighing each ship equally
during the period 1962 to 1983. Table XVII ard Table XVIII
provide *hese sage statistics for crev member per iollar.
Table XIX apd Table XX provide thzse s+atistics for +he

T ABLE XV
Ratioc Tons/Dollar Regression Statistics

Class Weigh+*
Major Iype #Cbs Coefficient S+E. R-Sgquare
SSBN 4 -0.005 0.097 0.0016
SSN 7 0. 136 0.17 0.1156
SS 2 -15.452 7.0 1
CGN u 0.4775 0.99 0.921
AAW COMBT 6 ~2.2163 0.12 0.436
ASW COMBT 7 -0.9 122 Q.48 0.00013
AMPHIB 9 2.055 1.79 0.158 |
YINESWEEP 0 0.9000 - - |
AUXILIARY 8 -0.25506 1.61 0.00u2
TENDERS 5 0.5045 0.78 0.565
Ccv/CVs 2 0.46u49 0.0 1
CVN 2 1.1572 0.0 1

bt s s o ot e

ratio c¢f generating capacity per dollar. And finally, Table
XXI and Table XXIT provide <+hese statistics for units per
dollar (milliorns) during the period 1962 to 1983.
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TABLE IVI
Ratio Tons/Dollar Regression Statistics
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}‘ TABLE XIXII
% Ratio Urits /Dollar Regression Statistics
3 Fach Ship counts
L Major Iype #Cbs Cosfricient S.E.  R=Squace
L SSBN 25 -0.000065 0.000 0.744
ggu 7g -8.8oooooza 0.000 0.000006
[ CGN 8 0.000028 0.000 0.76
7 AAW COMBT 45 -0.00013 0.000 0.u8
S ASW COMBT 11 -0.000345 0.000 0.664
o AMPHIB € 3.20023 0.000 0.068
1 MINESWEEP 0 0.0000 - --
o AUXILIARY 6 ~0.000014 0.000 0.000298
TENDERS 15 -0.000027 0.000 0.039
. CY(CTS 4 0.00000 06 0.0 3
- cv 4 0.000012 0.0 1
{
!
q

It is ncted that generally, the models improved when e€ach
ship of +he class 1is counted. However, the c¢ffset+ing
disadvantage *o utilizing +“he individual ship weighting
factor is <*hat classes with more ships in +he class ar2
exerting a greater influence on *“he regression model. And
thus, +he classes with more ships are influenciag +<he
proportional growth rates for the major types of ships as
well.

Several c¢bservations on Tabls XV through Tablz XXII
are worthy c¢f comment. The number of observations is
approxima+ely the same when class weight is u+tilized. When
each ship ccunts equally,the number of observations becomes

mixed. The Minesweep major type has no observations. Th=
[ coefficients vary from zable to tablz as expectegd. It is

*? noted that the Urits per Dollar ratio coefficients are very
E small in comparison with the other coefficients. Thus, *he
; significan* error of thos2 values 1is small as well. The

;’ R-square statistic is quite erratic and shows comletely
i
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Two alternatives to *he base case were conduc*ezd.The
first aiternative utilized a larger grouping of the major
types. Since ttle Lase case showed tha*t no new minesweerers

were introduced during the period 1962-1983, that major *ype
could be eliminated. The submarires were all classified as
one majoer type (SSBN, SSN, and SS). The surface combatants
were grouped as cne major type. The auxiliaries and <“endsrs
were grouped *ocether. And, +he <carriers were grcuped
together. The resultan: grouping of five major <*ypes is
listed in Table XXIII . The time-series regression *ech-
nique was applied to thesz five major types of ships. The
results are shown in Table XXIV . The resul4s &aze very
similar *o the base case when thirtzen major types of ships
were categorized. The class coun*t ragression statistics are
shown on Table XXV . Trhe ship count regressiosn s*tatistics
are shown on Table XXVI . The R-sguare statistics are no*
favorable and dc¢ show the non-homogeneity of Navy ships
within the larger major types category.
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TABLE
Alternative Grouping

IXIII
of Ships for Method A

S S Ircludcd
fajos Higs S3B5 3 ssn L4ag {getadsd
Surface Ccmbatants AGMR,BB,CA,CCh cc csu CLG

DDG,ﬁDéﬁ ApEx FF

Amphibious APA,APB, 25D, Lcc LFE
Auxili LHAﬁLKA%LP%G's A’ 3K, AKL
uxx2iiar .

Y A £ A5 é AOG ‘
Aircraf* Carriers cv cvs CVN
TABLE XXIV

Bethod 2 Alternative Growth Rates Resuits

Time-Seriss Regress*on Techniqde

Revised fajor T

the vedrs 1962-1983)

(Durln
GRU/C g%;gsed s Perc?%)ége ) GR2/C ‘
WT1 -2.1075 0.0390 169 1.73119 -0,.3705
T2 -1.2234 0.855873 2.87396 d -0.057677
WT3 =2.3931 -0.10159 1.63035 -0.18454
WT4 -1.6007 0.841061 3.20534 -0.05297
AVG =-1.83 0.4086 2.36 -0.1564
65

.....




S nas aae umu )

T——

P

TABLE XXV

.Alternative Regression Sta

istics

+
-

o

1]
+Q
corl

Q £ ¢ . M o
L @ 0w O H oS
+» ¢ o -4 H © O
4 O 0 H 8]
L= B ¥ n > [
D i et @ < O W
n o H » >
¢ ¥ 9 O wf @
- X N ~ ™M [ o O o » o .
onmmnes OO AN [T R od el g ) MM H O < H A o BT
MFOMN MenmMey E Lad o1 ok 4 OWoOr-on O 8 Qa & [1]]
(ol gdeolale] [elel ol ] ~MONO Qe Or~—® g ¢ 0 N o “ o]
L] "0 0 00 oo 9 o s I ) o 0 = O~ O o
[elolelols) [ololelele) [elelelele] [ololelale] -l 4 o o~
¢ @ H /£ & © &
u oS w9 o0« D 0
= o & u u Tt el
OO0 IO O FUNM ~NN e (9] o | = ] ©
[l olmlele] WOOOWO ™ ON =2 NV~ a0 0 = o o
[elelelnle) — OO0 [olelelele] =00 it 8 0 = 9 4
* s 0 0 0 e s v 0 e * 0 0 s s e s 0 s n e ® «i &£ O o]
[elelelwle] OO OOOOO CODOCO e m 3 P W O O a
N0 o P Q@ N
[e)] n 0 a @©
- @ H
(/] -~ >
L 0 40 o @
(=4 2 v T w o < 0
NN OO ¢ W o ¥ PO
nN=oO 3 == D o O o O r] 0
DVOOOCoo Dzxpan LMo Nt ™M 4+ ™m LT o 0
NOOCOOO N\OONIO N\NOowpdar EMmMONOO ol @ H W
DOOOOCO HYOOWU™ AUAOOCOT™O NMOMr~ON P =~ ~ ¥ > 0 O -
i ¢« s o s 8 (X 0 0 0060 (Xi 50606090 X os o o0 Eu] [ T I +)
OOOCOO OONOO OQOOOO QOO0 o g 0 = B & .
LI [ [ I | ] ] £ 0 0 N o o P
H M A £ D oW
D H S H H A «©
4 + Q P L A
- A o + 0 (o)
o O L e ot O A
Moy me~oM N~y ey l H O H O P 00
- - ~— - Lo N g Ll ~ 4+ 0O g o W
= g M u w
O > o «~t 0 H
O H B8 £ ¢ O
e @ s Qg
£ & & & n 0 4w o ¥ P
m m b m m QO 0 O g W
= om o o = m T m ® O N O ©® O O
O = O = QO e O = = n A = A
vmH= LM UMH= OUmMHZ E1 W4 @ ~ o O ot
Heas> = A> 3> Hyi> O i =4 8 0 4
nNecHY N EHD N HY NkHY H £ o g o
o] AT AN MEOuddN MG AdS N\ (o] =T N T O 9 « WM A A
xR > PhED> Do=EpDP> PDOEXD> o o = N W
NNt NNt nnNt<L nnN g O - o wl @
P 00 " W
Q o @0 90 g A ~
U X P H N ©
{
!
{
. !
- .m.., PR .L\N“k. g ;.ma\.kr,b.....r’.l -IH*LLL\\L ad 4o k. pigi}ir.‘.w‘hr l.lh

o]

A et

er il 8 a i s A .

ks




) o
TABLE XXVI ‘
Alternative Regression 5tatistics
Each Shig counts
Major Iype  #0bs Coefficient S.E. RzSgqua:cs
RU/C
SUBS 115 -0. 00003 0.000 0.0047
SURF _COMBT 167 -0. 00014 0.900 0.1024
AMPHIE 59 0.09023 0.000 0.Q068
AUXILIARY 51 2.00007 0.0090 0.0078
CV/CVN 8 0. 000005 0.000 0.065
RT/C
115 J.092 0.164 0.003
SURF COMBT 167 J. 043 0.08 0.002
AMPHIB 59 1. 56 0.57 0.117
AUXILIARY 51 0. 31 0.47 0.0091
CVv/CVN 8 J.47 0.26 0.346
RP/C
SUBS 114 -3.0082 0.002 0.136
SURF _COMBT 167 -0. 075 0.009 0.296
AMPHIB 59 -0. 0117 0.015 0.00998
AUXILIARY 50 -0. 126 0.034 0.22
CV/CVN 8 -3. 0093 0.020 0.040
RKW/C
SUBS 11 0. 4556 0.059 J.3u9
SURF COMBT 17 Je 574 0.058 0.37
AMPHIB 9 -Q.485 0.273 0.053
AUXILIARY 11 J. 9035 0.353 0. 141
CV/CVN 4 0.2048 0.023 0.9325

C. METHOD B (FOFWARD DIFFERENCING AGGREGATION TECHNIQUE)

1. ZThecry Descriptio

An alternative to the simple <Cegression of Methed A
is =o utilize a moving average model. I+t is recalled +ha*
the Navy Resource Dynamics Model is making predictions abou+
naval Zforce levzls far into the fuzure. The leng*h of
projection and uncertainty abou* the <future demand a
simplistic approach. The simplest of the moving average
models is based on assuming tha+* 2 likely value for <he
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*u TABLE XXVII

r,.

Method A Alternati ve Growth Rates Results

Time-Series Regressiosn Technique
. Revised Yeacs
(During the Years 1939-1983)
(Eégressed in Percentages)

GRU/C 7/C GREKW/C GRP/C
WT1 -3.4906 ~2.6144 0.254883 -0.4969u
WT2 -4.5232 -2.72 3.16183 -0.0703232
WT3 -1.913 -0.69124 0.367762 -0.2237 {
WT4 -2.8441 -1.1406 1.52872 -0.039746 '
AVG -3.19 -1.79 1.329 -0.207

series' ra2xt valus is a siaple average of i*s valuss over
several recent time periods. This simple, s*raigh+*forwazd
method will be called the <orward differencing method,
Method B.

The forwerd differencing me*hod assumes that a good
forecas= will be given by the simple average of I%s pas*
values. This is a s*rong assumptiorn. However, *he Navy is
composed of a nor-hcrogenz2ous collection ~f ships, which are
required *o fulfill many different  missions and diverss
commitmerts. This non-homogeneity working iIn concer* with
the charnges in the Navy's mix overtime, implies +hat <he
simples* of models may bpe the most accurate.

Forward cifferencing or backward differencing could
have been utilized in detsrmining the moving average values.
Forward differencing was selected arbitrarily to «coinciide
with the notion <that it is the future Navy +that this anal-
ysis is at+<empting to pradict. The £forward differencing
tachnique works by comparing two values that are In +imed
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order. Por example, ths value at time t is compazed with
*he value at time ++1. By subtracting the two values, 2
dif ference is formed. This is repeated at time t+1 when its
value is compared with time ++2,etc. This continues for the
full *ime pericd dicussed (ie. five years for th2 base case)
Backward differercing would be comparing the values at time
t,t-1, t-2,etc.

An example of forward differencing is the ratio of
Units per Million dollars of the Spruance class. On Tabls
III, the average cost of the Spruanc2 class ship in 1981 was
272.658 million and in 1982 was 272.5658 millicn dollars. By
taking *he reciprocal of both these values to form +hz razio
(Units/ cost) and +then subtracting +the two valuss +he

difference value 3Zor 1981 4is obtained. Adhen +his wvalus
(-0.0000020592) is divided by the reciprocal of 272.505, *h=
growth rate (GRU/C) for +he Spruanca2 <class in 1981 is

cbtained (-0.000%6; as is shown or Table IV . Cos% per uni<
is obtaired by taking the 3ifference between the “wo average
costs (272.658 - 272.505) and then dividing by the average
cost per uni%t in 1381 (272.505) . The resultant growth caze
of Cost (value) per Unit is 0.00056. As previously no+*ed,
this is equal in value and opposits in sign *o the grow+h
rate GRU/C.

One of the disadvantages of the moving average model
is *hat i+ does rot rproviis any readily in*erpratable infor-
mation abou*t forecas+t confidence. Since regression is not
used to estimate the moving average mcdel, test and confi-
dence bcund s*tatistics ar=2 rot as accessible as those from
regression models. It is *he stochastic or "unexplained®
component in *he +time~series that <c¢reates <the errors in
forecasting. It must be pointed out again that the utiliza-
tion of ¢this analysis is for describing long range growth

effects on the U.S. Navy's ships.
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Another reccgnized problem of the moving average
model is time dependerncy. Time dependency arises when the
variable a- time t bears 1 close relationship to the vari-
ables measiured at times £« ¢+ 1, t + 2, etc. As previously
mentiored, the fleet cannot change its compssi<ion in a
shozt period of time. There dc2s zxis+t *ime dependency in
this forwaxd differencing technique. However, it does no+*
prever: *he analysis from being con*?!nued and argued Irn Its
favor,

2. SAS Steps

The actuzl procedural steps using SAS <o obtain the
acquisition cost growth rates for <+he entire Navy by #Method
B follow:

1. S*arting with the 2ntire data base, USNS ani ships
wita less than 300 tons are deleted.

2. The remairing data base is then sorted by classss (or

types) of ships.

3. Then, the commissioned active or reserve ships for
eacn yeaxz (1978 to 1983 in +he base case) are
crea+ed. By deleting the ships who have re+ired and
adding thcse ships who were launched two years ago,
it is an approximate list of active/reserve ships irn
comnission that particular year.

4, Ir each of *+he years, the number of observa+iomns,
average value and summation £o- each of the following
categories are saved for each class (*ype) of ship:
number in the class, +onnage, <crewsize, generca*ing
capacity and acquisition cost in constant (1984)
dollar.
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5. Feor ceach class (typ2) of ship in each year the ra-=ios
are created. For example the ratio of +*onnage to
acquisiticn cost = RT/C = average +cnnage
(MTON) saverage cost of all commissioned units in that
year. The other ratios are RUO/C, RKW#/C, RP/C.

6. Using the SAS difference function described in
[Ref. 6, p.440), the forward differences are deter-
mined autcmatically by SAS.

7. Then, +*he proportional growth rates for each class
(or type) and each year are formed by dividing the
forward difference values by the ratios (in Step 5
above) <tc obtain the growth rates, namely: GRU/C,
GRT/C, GREW/C, and GRpP/C.

Once the four growth rates have been £formed, <the

four weigh+ing processas begin.

Weight Ore (WT1) is detzrmined by using the SAS
procedure means *o find <he average value of “he four growth
rates fcr each class (or type) over all +he years s=-udied.
Then usirng the SAS Procedure Means again, the average growth
rate over all classes (or types) of ships combined toge*her
is the aggregated growth rats for all ships weighting each
class equally.

Weight two (WT2) is determined by aul*iplying +he
growth rate of each class (type) by +he rumber of ships
(dencted by TOTOES) commissiored in that year and in that
class (type). SAS Procedure Means is u+ilized “o obtain *he
sum ©of all <these growth rates mul%iplied by numbers of
ships. An examgle is the sum for a particular year of <he
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growth rate of crewsize/cost *imes the number in that class
denoted by SYRNIEC. This quantity is divided by <he sum
total of all ships commissioned in all the years s+tudied
(NOSHIP) . This will provide the weighted growth rates so
that each ship ccunts equally.

Weight three (WT3) is determined by multiplying %he
growth rate for each class (type) and year by the average
acquisition cost of a ship in that class (type) that par+tic-
ular year. The sum c¢f thase values for each class (type) is
obtained using tis SAS Procedure Means. Each of these sums
is divided by the sum of average acjyuisiticn costs for that
class (*ype) of ship. And firnally, all of these values are
averaged +%c obtain +*he aggregated growth rates weigh+«ing
equally by the class (type) value.

iWeight fcur (WT4) 1is detsrmined by multiplyiag each
growth -ate in each year by *he total cost of all ships in
comnissicn in that year. These quantities are all summ2d
for each growth rate. Then, this quantity is divided by <+he
total sum of all commissioned ships?! acguisiticn <cos= for
all years studied. The raesult is *he growth -ates for +%h=
entire Navy wi*h each ship's value bsing weighted equally.
typical program tha*t was utilized to create these
propor<icnal growth rates by Method B is lis*ed Zn Apperdix
B. IT has been written so that *h2 SAS steps ia +*his
chapter ccincide with +the appendix listing.

4., Alternatives

Two alternatives +o *he base case of 1978 +o 1982
were made. The first aiterrative wu*ilizing the same SAS
steps and weigh*ing factors was produced using a ten year
time period 1973 to 1982. The resul:is of +his alternative
are presented in Table XXVIII .
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TABLE XXVIII
Method B Alternate Growth Rates Results

Forward Dif ferencing Technique
of Class (C) and gge{Tg
(During the Years 1973-1982)
(Expréssed in Percentages)

GRU/C GRFI'/C GRKW/C GRP/C
WT1C -3.5108 -0.3481 -0.3531 -3.3918
WT1T -3.2134 -1.1197 0.159313 -1.1475
WT2C -0.24702 0.136 231 0.23837 -0.17149
WT2T -1.5978 -0.21015 0.722138 ~1. 3645
WT3T -3.7023 -1.5104 0.238862 ~1.2572
WTU4C -0.75938 0.219086 J.259182 ~0.5520Q07
WT4T -1.3092 0.152064 J.73928 ~0.9303
Avg -2.315 -0.564 2.175 ~1.667

The secord alterrative also used the same SAS proce-
dures and weighting factors as the base case. i+
1982.

alterna+ive results are displayed in Table XXIX .

However,

was based on +he *ime period of 1963 to The second
The base case was chosen over the other two alterna-

The

results more closely resemble Method

tives fcr two reasons. first reason was that *he

A's base case results.
influence in the late

The seccrnd -easor was the tremendous

60's and early 70's of Navy force size, Over *he course of
the

in

6 years, U.5. Navy was reduced by one half of the number
the over 1,000

+0 less than period of

of ships Navy. The Navy
600 units
the

introduction

changed frenm

active uni+s in a short

time. As was shown in case of the Spruance class

destroyers and ttheir into the destroyer force,
the decommissionings of World War II buil%t ships were having

a dramatic effect on *the Navy's composition. Elimina=ion of
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TABLE XXIX
Method B Alternate Growth Rates Results
Forward Differencing Technique
of Class (C) and gge{T)
(During the Years 19562-1982)
(Expréssad in Percentages)
o GRU/C GRT/C GRKW/C GRP/C
[ WT1C ~U4.8427 -1.6578 -1.7047 -3.4660
o WT1T ~4.4569 -1.906 2 -1.598 -2.0775
c WT2C -1.2091 -0.4252 3.0127654 -0.29934
{ | WT2T -1.7068 -0.773 34 -0.10305 -1.2047
NT3C ~5.5267 -1.974 -1.4616 -4.1191
WT3T ~4.8724 -2,2357 -1.488 -2.2983
WTU4C ~2.7217 -0.90091 -0.16563 -0.83403
WTUT -1.4212 -0.44723 0.247211 -0.84685
Avg -3.344 -1.292 -0.782 -1.905
tha* unique <charge in the fleet removes much of the *ine

dependency and ctange in force composition due to decommis-

sionings. Thus, the shorter lag period of five years is the

preferred case.

.- D. METHOD C (FOEWARD DIFFERENCING ON THE LEAD SHIPS OF EACH
be CLASS)

hr

- 1. Discussicr

Ej As an alternative to Me~hol A and Method B, an
= attempt was made to combine the two techrniques. Method C
A

" was generated by creating the lead ship of each class as in
3 the time-series regressisn <*echnique of Method A. This
i! includes replacirg *he lead ship cost with the average cos*
.‘?; 74
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. (MAQCST84) of tte ships in the class. From <his -svised
ﬁ! data base, the same technique as in M2thod B was utilized +o
T create and approfriately weight the resul:s.,

9 As menticned in th2 results section of this chapter,
. Method C is not recommendsd. Additionally, i* does 20t use
8 +he same weightirg factors as the other two mstho Method

Es.
C is only presented as a failed technique ~ one *hat 2143 rot
work. There were no alternative cases +to Methed C.
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IV. CONCLUSIONS AND RECOMMENDATIONS FOR FURTHER RESEARCH

A. GENERAL CONMENTS

As described in Chaptar I, it was *he irtent of +<his
analysis to observe past histcrical growth rates of the
acgquisition cost of U, S. VNavy ships and thei:s interactionr
with the changes in crew size, tonnage and elsc=ricil gener-
ating capacity. These growth rates are indicators of par«
of the flow of allocating Navy resources over tim2, They
were studied to fprovide as accurately as possible a forecas:
of the <£future Navy's growth trends. Specifically, +*his
analysis supports +the ongoing Navy Rssource Dynamics Model
and provides ar updated viaw of +he acquisition cost of U.S.
Navy ships. °

The preferreé results of Method A a2and Methcd B are shcwn
in Chapter III orn Tables IX and X. They have beer combined
ard are displayed in Tabls XXX . Method C was found unac-
ceptable and is therefor nct displayed. The four
proportional acqtuisi*ion cost growth rates studied are uni+
per dollar (GRU/C), tonnage per dollar (GRT/C), generating
capacity per dollar {(GRKW/C) and crewmember per
dollar (GRP/C) . The two acceptable methods of aggregating
the cest growth rates ars as follcws:

1. Method A utilizes a linear lzast-squar2s time-series
regressior *echnique on major “ypes of ships and “hen
aggrega*es the data in*o +the to*al fleet.

2. Method B conducts a moving aggregation c¢f cost growth
rates by keeping track of all the commissioned ships
in a particular year, compares yearly *otals by class
and type of ship utilizing a forward differencing
furnction and then aggregates the resul*s.
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GRU/C
WT1 -2.1899
WT2 -2.1121
WT3 -0.80782
WT4 -1.5056
.. AVG -1.654

WT1T -1.0

TABLE XXX
Combined Final Results

g%%gd A Cost Grzowth Raites Results
mE-5Serf1Es RegressfSn Techfizguie
(During the fears 1962-1983)
(Expréssed in Percentages)
G T/C GRKW/C
0.211547 3.17215
0.613916 2.20314
1.3716 4 2.33942
1. 1344 2.0827
0.833 2,449
Method B _Cos%i Grewth Rates Resul
Forward Diff&€Tencing Technigue
of Class(C) and Tvge‘Tg
(During the Y2ars 1978-1982)
(Exprassed in Percentages)
GRT/C GREKW/C
-0.8234 -D.51234
2 -0. 0286021 0.1992¢9
0.15829 1.30677
-1.261 -J.47482
-1.3383 0.7533(8
1 -0.033 344 2.0713663
0.257659 1.11948

GRP/C

-0.14756

-0.03784
0.338946
0.061241
0.0537

GRP/C

(I | 1)
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¢crowth rate
weigh*+s, namely:
class of ship weight=2d equally;
ship weighted equally;
class

weighted by <*he average

that class;and
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4, WT4-Each ship being weightad by its own acquisi<ion
cest. Tle choice c¢f which weighting factor *o use
is not clear. Therefore, in average, deno+ted by
AVG, of all four weighting factors is presented in
the tabulated results.

The incorporation of yesars 1962 to 1983 for Method A,the
time-series regression technique, were choser to reflzsct the
majority cf classes of ships which are presently exis<ing in
the active U.S. Navy as i+ exists today. Additionally tLese
Years are coincident with the same beginning year as Dr.
Clark's previous work in (Ref. 2]. Method A thus does rno*
include ships commissioned before 1962 in its computations.
Thirteen major categories of ship types were selected as the
preferred grouping for -egressicn analysis. They weare
displayed in Tatle X . These mrajor +ypes cf ships were
chosen =c reflect as homoganeous & grouping of ship types as
possible.

The results ¢£ Method B usin¢ the forward differerc
technique u*ilizes a five year +ime period, namely 1978 o
1982, The ships are aggresgated hy class cr by %Zype in e
year before beinc aggregated Into ths whele Navy. For this
reason, both cléss and type results are displayed irn Table
XXX for each weighting factor 2nd ars both utilized when all
+he weighting factors are averaged.

Over a significant period of timsz and with a homogerneous
type of ship the results of Method A and Me*hod B <*erd to
converge and apgroach one arnother in value,. How +o bes=
capture the convergence and +ry to rspresent a hetercgerneous
bcdy of ships in +he aggr2gate was the ar* of +this study.
As described in Chapter I, there existed an influence on the
Navy's basic parameter <characteristics as the World War II
ships were being deccmmissioned in *he late 1960's and early
1970's. Since the years chosen for Method A was 1962 to
1983 and Method A only studied new platforms entering *hes
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Fleet, it was essentially describing the newer active ships,
By cnly u+ilizing the lasi: five years, Method B elimirated
+he decommissionings conducted in the late 60's/early 70's
and in that way captures the essence of recent growth,

B. COMPARISON OF METHODS AND WEIGHTING FACTORS

It is essential %o review the advantages and disadvan-
tages of each method in order +to compare *he me+hodology
utilized to procduce the aggregate growth rates £for the
entire fleet. Since Methisd C has been dismissed as inappro-
priate, i+ will nct be discussei. The remaianirg two
methods, time-series reqression technique and the forward
differencing techknique, have both been affascted by several
factcrs. These include the effects of aggragation cf a
heterecgeneous g-oup of ships, data limitations, inflation
effects and +he learning curve effzct as dicussed below.
Both Method A ard Method B are affected by the <choice of
which weigh+ing factcr to use and th2ir respective responses
differ. The case of aggrsgation difficulties was presernted
in Chapter I on the discussior of the Spruance class ships
and +their effect cn *the destroyer (DD) *type of ship. These
clear irter-rela*ionships tc acquisition cos* are not always
obvious when +*he aggregation is accomplished at +thz2 major
type and fleet level. The data base limi*aticns principally
affected the forward diffarencing technique, hLowever, there
were several instances when inconsis*ency existed between
the number of olservations of the same major types in the
SAS regression GIM procedure. As Jiscussed in Chapter II,
alternative defletor scales could have beern utilized which
would have produced different results in both methods. And
finally, an example uf the learning <curve effect on the
Spruance class was shown visually in Figure 1.3. 1Ins%“=ad of
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using =he average acquisitich cost in both methods, i+ was
pessible to have utilized the first <€ollow-on ship (%he
second ship of the class), or another cecnsistent follow-on
ship. All of tle above comments have a direct input to *he
resultart growth rates that are produced. The magnitude and
sensitivity of tleir impact requires addi+tional research.
The time-ser ies regression technigue, Method A, has many
advantages. It is a simple, statistical mcdelling approach.
The effects on trends are <fel:t <imma2diately since,under
certain conditicns, the linear rsgressiocn produces <th2
paximum likelihocd estimates. It utilizes only a few obser-
vations. Tn the¢ preferr=d4 time period, 1962 to 1983, and
+he preferred grouping of ships as shkown in Table X, +the
time-series regressicn technigue only required a “ozal of 57
observations. I* is capable of producing variance es=imates
in its resul*s, as shown in the regresssion statistic tablszs.
The *ime-series regression techrique, Method i, Las
advantages as dicussed above. I+ does have some disadvan-
*ages in ‘its usage. First of all, the time-series
rejressicn tachrique raquires homogeneous groupings. As
previcusly menticned, <the U.S. VNavy is composed of diverss
and unique platforms that ar2 orian+ed towacds ifferent
missions and different utilizations. Secondly, by using +he
lead ship in eact class as the refarsnce point for <th=2 wholsz
ciass, +there is a subtlz underlying implica%ion +*ha+%, in
effect, all ships in the class are built in +*he same year.
This applies to weighting factors WT2 and WT4 whern each ship
of the class has equal we ighting. Another concern with
using “he regression *echnique is the poor quality of %he
R-square statistics. This poor showing in the R-squarcs
sta*istic shows <*the variability of *+he preferred groupings
of major +*ypes. More alternative Jgroupings,especially in
the amphibious and auxiliarcy major +ypes, need +to e

b
attemp*sd to try to improvs the overall R-square sta+is*ics
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values. Additicnally,as explained in [Ref. 10, p.352], i+
is impertant to always check for au*ocorrelation when using

the time-series regression technique by testing wi<lk the
Durbin Watson statistic.

The forward differencing technigue has advantages and
disadvantages of its own. First of all, Method B is simple
in its dJesign as a moving average model. It is =easy to
group ships usinc¢ the Stastical Analysis System and %o see
the individual <classes and types over time using +“he SAS
"by" command. Thus, it is easy *0 observe unique platforms
and classes showing changes in the +rends at the 1lcwer
levels of aggregaticnhn. This technique does not requirs
grouping into major types before applying weightirg fac*ors
as is required in the time-series regression.

Many of the disadvartages of <“he forward differencing
+echnique in ¥ethod B havs previously been mentioned. The
results are affected byltime dependency in its calculaticns.
In *he calculaticns of this data bas2, +he forward diffsr-
encing method corbines the activs and reserve ships in iis
calculations. The forward differencing technique provides
no forecast confidence, only point eastimates of the grcwth
trends. Therefcre, ther

o

are no confidence limits readily
available. As previously shown in Chapter I for +he
destroyer *ype ship, it is influenced by *he effect of
decommissioning. I+ would be ajvantageous +o have a
complets data base with the exact commissioring dates and
periods cf active service. As mentioned in Chapter II, the
reactivation of 3inac*ive ships, specifically the <class of
battleships, was not reflacted in this technique.

It is also appropriate to comment on +the w.ighting
factor tesults. In most cases, weighting factors tended to
operate in pairs. Weigh*s WT1 and WI3 which gave each class
equal weight ir numbers an averags acguisition cost,
respectively, produced growth rates that closely resembled
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one another. Weights WT2 and WT4, which gave =2ach saip and
each ship acquisition value respectively equal weighe,
produced g-owth rates that tended +to be close togsther.
This terdency of the weighting factsrs was more prorouaced
in the moving average technique. It also had more influenca
on the regressicn technigue when the period studied was
increased +*o 193¢ to 1983. In the preferred ressults of the
time-series regression +“s=chnique in Table IX, the resulis
were different. With <the exception of the growth rate in
generating capacity per dollar (GRKW/C), the weighting
factor pairs are WT1 and WT2 agains+t WT3 and dT4. This
alignment is gererated by the fact that weighting fac*ors
WT1 and WT2 weigh by number of observations and weighting
factors WT3 and WT4 invoive acquisition cost weights.

The average ¢f *the four weigh+ting fac*ors listed in the
result *ables has nc statistical basis, As was previously
m=ntione<d, it was accomplished since +hers 1is no clear
choice of which weighting factor to utilize. They all four
have meri+t and cculd be utilized alone.

In the forwaid differencing technique c¢f Method B3, ther=
is the additional comparison of initial grouping by classes
or types. This shows that it is possible <%0 aggregate at*
the type of ship level using the mdoving average technique.
This is importart when one is forscasting the fut.re Navy
and *he policy makers are interestsd ip a particular +ype of
ship. This carp be wutilized *o forecas* +he future cost
growth of that platform type.

Ar additional advantage occurs when both methods are
u+ilized. I+ is +he simple reason +*hat they can be
compared. Positive reinforcement occurs when you cbtain
similar results using two entirely different methods to
obtain %hose results. This 1is especially true in +his
aralysis since the ¢two amethods “end to converge under
appropria*e cond itions. If the zesults are different, +then
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i+ automatically implies fuczther investigation c¢£f <he
results for causative factors that could possibly provids
the different results.

C. CONCLUSIONS

The results c¢f this thesis are succinctly shown in Table
XXX.Althcugh grosth rates are simplistic in concept, aggre-
gation of +he ncn-homogeneocus ships tha%t compose the U.S.
Navy imposed complications +o the analysis. The results ars

u
based upcen the numerous assumptions listed +hroughou: this

study.

The two preferred methods in Table XXX show mixed
rTesults. It is obvious that the growth rate in acquisition
cost per unit (reciprocal of GRU/C) is about one and on=

half +*c two percent per year. This <is consistent between
the two methods, 1In the second column all weightings show a

decrease in the value of the annual cost per *on grow<h rat

(4]

from *he *time-series regrassion *echnique. Conversely, the
forward diffsrencing tecnnique indicates an increase in cost
per ton per year, with +the exception of WT2T and WTUT when
the ships are grouped by +ype in =sach year before aggre-
gating. This 3is not as reinforcing as the first column
results.

The growth rate in acquisition <cost per generating
capacity shows a decrease in all categories except WT1C and
WT3C of the forward diff2rencing technique. The resul+ant
values o¢f the +ime-seriss regression <+echnique are all
consistently greater in magnitude than *he Me+hod B results.
Of the four growth rates studieqd, this one has the least
val idaticn in the data base and consequen%ly is viewed with
the greatest skerticisnm.
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The growth rate in crewmember per acquisition cosz
(GRP/C) shows the largest differsn“<ial betweern <he <wo
met hods. All the methods and diffsrent *ime periods indi-
cate a negative growth rate in crew member per acguisi%ion
cost except WT3 and WT4 for +he time-series regression tech-
nigque, These two weights were larg2 ercugh in magnirtude *o
cause the averace of th2 four weigh+ting factors “o show 3
slightly negative grcwth in acquisition cost per crew member
in the +*ime-series regression technique. Because of <he
uniqueness of this resul:, +the growth rate of acquisition
cost per crew member should be studied further.

D. RECOMMENDATIONS FOR FUT URE RESEARCH

This macro-analysis is only a portion of defining *he
evolutiorary process of changes in ths flee*, It provides
only a small insight into the Zfuturs direction of +the fize:

as it continues <to modernize. There exist many o%her
elaments of the WNavy modernization process which can be
parameterized ard further wvalidat=d in support of the
Resource Dynamics Mcdel. These are grow+h rates external <o
+his thesis.

There do exist several improvemen+s and areas of furthe:z
research in studying the long +esrm rcelationships Dbetween
acquisition cost, flee* tonnage, fleet manning and flee+
electrical generating capacity of U.S. Navy ships. Firs+
of all, this study only looked at ths smpirical growth ra<ss
per acquisizion dollar. Several other his+torical ar
rates could have been studied concurrently using <the
data base and computer programs., These include the
fcllowing: +ons per unit, crevw members per ton, crew
members per urit, crev members par genera*ing capacity,
generating capacity per ton, and generating capacity per
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unit. It is recessary to study all these propor=icnal
growth rates ir crder +o transform the historical empirical
data into a predictive model such as Resource Dynanmics.

An additional area of improvemen* would be to consider
different major types of ships when conducting “he time-
series regressior technique. By further aralysis, it should
be possible to improve the R-square statistics.

Ancther addition to this analysis would be considering
the Military Sealift Commaad ships. USNS uni<ts ars
providing an . increasingly active role i fleet operations
and *there may be different growth rate trends when they ars2
included with the U.S. Navy fleet.

An additional extension to this analysis would be +*c
consider modification costs in observing +he *ctal asse*
value of +he the force. The flow of resources towarés %h=
trade-off of majcr repaiz of older units versus newvw acquisi-
tior involves major decision makers who shape the Navy's
budget.
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METHOD A COMPUTER PROGRAMS

T ek e oo Aok ek ol o ek ik ek ok e ek ok ko Kok kokk kR Rk ARk

- PROGRAM I

hl *kkkkkx This Prcgram Creates the Slopes for **kkxkxxx
ook ok ke ook & Methué A Base Case (class count)  kkkkkxkkk

o ok ek ok % The SAS Steps are explainmed in ok ok X ok koK K

A *ok Kk kkk Chapter III Rk ok Kok Kk

ke o ook o ek ok ok s bk ol ok ok ok ok ok ko ol ok ok ok o % K koK % Kok ok ok kR ok ok
//2D JOB é1231 0196§§'DOUG SMARTT',CLASS=C

N /7*MAIN ORG=NPG fM1.1231p
?‘ // EXEC SAS
3 77/FROM DD DISE=(OLD,KEEP),DSN=MSS.S1231.GWUSAS2
- //SYSIN DD *
DATA  XX:
SET FROM.DOUG:
***************** SteP 1 ok e 3k ok o 2k e e A ok ok i ok ok ok ok ok 3 ok
IP CLASS = : 'T' THEN DELETE:
IF CLASS = : 'DP' THEN DELET®S:
kkkkkkkkkkkkkkkdk Ste 2 **********&***********
COMMYR = LNCEHYR + B;
Aok o s 2 ok o e ok e ook ke ok ok Steg 3 e sk el ook ok de o e e o s ol e e ok o ok & ok K
IF CCMMYR < 62 THEN DELETE:
IF COMMYR > €3 THEN DELETE:
BROC SORT: BY TYPE:
************&**** step 4 Jeok ook Aok o o ook ke o ok % ok ek ok Xk Xk
PROC MEANS NCPRINT;BY TYPE:
VAR A%CSTSU :
X QUTPUT COUT ='AVG
2 N = NCLASS
= MEAN= MAQCSTS8U;
ﬁ: e o o o ok K ok ok ok ok kol ke Bk Step 5 ek ok ok ok ek ke Zk ok ok o o ok ok o ik ok Kk
o DATA CV;
o MERGE XX AVG;BY TYPE;:
o IF FIRST.TYPE THEN GO 1O MISS:
h ELSE DELETE;
- MISS: 3
o PROC SORT;BY DCODE COMMYR TYPE;
- DATA ALLS:
- SET CV;
= IF CLASS ='DD' OR CLASS = 'DE' OR CLASS = 'DER'
. OR CLASS = 'FF' OR CLASS = 'FFG' THEN DCODE = 13;
ﬁi deale Ak o o o o e ok ol ok ok ok Bk steg 6 e ol o e e 2k 2k 2k ek s ol o o ak ok o ok ol ok ke
RTC = TO NAGE/MA%CSTSQ:
- - RPC = CREW/MAQCSTS4:
o RKWC = GENCAP/MaCCstsu;
RUC = 1/uagcsreu-
ook e e o e o o ok ool ek ok Bk Step A **********************
. PROC SORT:BY DCODE COMMYR TYPE;
- PRGC MEANS ; EY DCODE;
® VAR RTC RPC RKWC RUC MAQCSTS4
e DATA XX2;
) SET ALLS:
*#****#********#& Sfep 7B ek Aele o e o e ok e ok o ok o fe ok o e ok ok
PROC GLM;BY ICODE:
MODEL RTIC = COMMYR;:
PROC GLM:BY LCODE;
MODEL REC = COMMYIR;
PROC GLM;BY LCODE;
MODEL RKWC = COMMYR;
PROC GLM;BY [CODE;
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. MODEL RUC = COMMYR;
*k* This Program produces the slope values

*k%x (class count)

*** next program (Program II)
rates with weights WT1 and WT3

*:* growt
/7
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JA Rt ing

ok ek e 3k o ke ok o ook deok e ok ok ok kokok dkeok 3k ok ki o ok ke ek ok sk ok e 3K ok koK ook gk ok kK ok

: PROGRAM III
! #xkxkk% This Prggram Creates the Slopes for *kkkkxkkx

%k Ak Aok ok Method A Base Case (ship count) Aok o e ek Kk
deale ek Aok k The SAS steps are explained in k4 A 3 o e o ek
~ ke ok ek ok ter III Ao o 3 ook ok kK
{ g*****************************

- *************k*********
: //RD JOB (1231 01965 *DOUG SMARTT',CLASS=C
'/7*MAIN ORG=NPG¥M1.12%1D

// EXEC SAS

//FROM DD DISE=(OLD,KEEP),DSN=MSS.S1231.GWUSAS2
7/SYSIN DD *
DATA™ XX:
SET PROM.DOUG;
***************** S*ep 1 **********************
IF CLASS = : 'T' THEN DELETE
TF CLASS = : 'P* THEN DELETE

ek ok ook ok ok ok ok ko ok ok ok Stép 2 R4 R
COMMYR = LNCHYR + 2;

kkkkkkhkkkhkkkdk S+eo Aok ook ek e ek o ok ok ok koK X
IF COMMYR < 62 THEN DELETE;
IF COMMYR > 83 THEN DELETE;
PROC SORT; EY TYPE;

Rk kkedokkbkikkkk $k Step 4§  Fkkkdkkkokkk ki okkkkkkE

PROC ME%Ni EOPRIN +BY TYPE;

STau
oUTPUT OUT ="AvG
N = NCIASS
MEAN= MAQCSTSU;
Aeofe sfe Ak e sk sk ok e o el Kok o Kok step 5 e e e e e o ofe o o o Ak e e ofe o o o ol o ke e
DATA CV:
MERGE XX AVG;BY TYPE:
IF FIRST.TYPE THEN GO TO MISS;
ELSE DELETE;
MISS: ¢
PRCC SORT; BY DCODE COMMYR TYPE;
DATA ALLSS
SET CV;
I CLASS ='DD' OR CLASS = 'DE' OR CLASS = 'DEK
OR CLASS = 'FF' OR CLASS = 'FFG' THEN DCODE = 13;
ok kg okkkkkkkkkkk kk Ste 22 skl ok e ok ol ik i ok ok o ol e e ok ok ok
RIC = BNNAGE/HA CST84 ;
REC = CREW/MAQCST84:

REWC = GENCAP/MAQCSTSQ'
ROC = 1/MAQCS T84
hkkkkekrkkkkkk ¥k Stap JA =4 SR,

PRCC SORT,; BY DCOD COHHYR TYPE;

PROC nnans DCOD
VA T& RPC Rxwé RUC MAQCSTSU4
DATA xxz-ALIS
************t**#* s*ep TB  kexkdok ook ko S s e o e e ok ok ok ok
PROC GLM:BY DCODE
MODEL ETC = tonuza-
PROC GLM;BY DCOD
MODEL EPC éouuzn;
PROC GLM;:BY DCODE'
MODEL EKWC COMM YR
PROC GLM:;BY DCO
MOD3L RUC = éouuza-

**% This Prograr producses +he slope, values * & &
*%k*x (ship count) that will be usad in *he * ok %
*%%* next groqram Program IV) to compuze +the * ¥k
;:* growth rates with ' weights WT2 and WTY * k¥
/7
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APPENDIX B
METHOD B TYPICAL COMPUTER PROGRAN

3k 3 2k ok e ook e ook ok ook e ok ok ok o e ok Kok ko ok ak ke ok sk ok Kk kol e sk ok ok ok K ok ok ok ok ok %K ok ok ok ok

PROGRAM V
##*x%%* This Frogram Creates Method B TRk
*kkkkkk Growth Fatés with Weigh*ting Pactor *¥kxkkk*kx
Aok de ok ok Xk WT1T (by Type TR T
ke ook koK The SAS Steps afe 2%xplained in Aok e ok Aok ok ok
Kok ko ok Chapter III Kk kKK kK

********#*#****'****#** *****************************

*kkk%k Note: Class irn this program is_ actually k*&*k%%
*kkk%x ship "type" as correctly described in &k ok kK
Xk ok ok Chaprer I. kKK

e 2 e o ok ok ok e ok ok ook Ak bk K 3k e ol ek ofealk ok ok kK ok 3 Ak ke e sk ok ok ok ok ak ok e ek ok ok e % ok ok ok
//RD _JOB (1231,0196),'DOUG SHARTT!,CLASS=C
7/ *HAIN ORG=NPG fw1.125%12

SAS
//FROH DBDDESE=(OLD,KEEP),DSN=HSS.S1231.GWUSA52
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' THEN DELETE;

* THEN DELETE!
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. THEN DELETE:
f¥R > 1 THEN DELZTE:
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* GO
-

ID YEAR;
ok ARk kK Step U _for Yzar 1978 ##kkkkkkkkkkkkk

OUTPUT OUT = T78

-

N = TOTCBS NTON NP NKW NCST8U
MEAN = SKIEF  MTON MP MKW MCSTSU4
SUM = SKIE1 STON SP SKW SCST84;
DATA  SEVENO;
SET CV:
TP LNCHYR > = 77 OR LNCHYR = . THEN DELETZ:
IF RFTYF = . THEN GO TO MISS:
ELSE IF RETYR < 80 & RETYR > 1 THEN DELET
MISS:
YEAR ='1979;
TOTOBS= N ;
PROC MEANS NOPRINT: BY
VAR TOTOBS TONNAGE CREW GENCAE AQCST8U ;
ID YZAR;
oUT2UT 8UT = T79
N = TOTCBS NTON NP NKW NCST84
MEAN = SKIT  MTON M¥P MKW MCST84
SUM = SKIE1 STON SP SKW SCSTS4;
DATA EIGHTO:
SET CV:
IF LNCHYR > = 78 OR LNCHYR = ., THEN DELETE;
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IF RETYE = . THEN GO TO MI
< 81

ELSE IF RETIR
MISS: ;
YEAR = 1980;
TOTOBS=_N_;
PROC MEANS NOPRINT; BY CLASS;
VAR _TOTOBS TONNAGE CREW GENCAP AQCSTS84;

-

MISS;
& RETYR > 1 THEN DZILETZ;

-
-

ID YE
UTPUT OOUT = T8O
N = TOTCBS NTON NP NKW NCSTS4
MEAN = SKIE  MTON MP MKW MCST84
SUM = SKIE1 STON SP SKW SCST8U4:
DATA EIGHT1;
SET CV: _
I¥ LNCHYR > = 79 OR LNCHYR = . THEN DELETE;
IF RETYF = . THEN GO TO MISS:
ELSE IF RETYR < 82 & RETYR > 1 THEN DELFTE:
MISS:
YEAR = 1981;
TOTOBS=_N :
PROC MFANS NOPRINT: BY CLASS:
VAR TOTOBS TONNAGE CREW GENCAP AQCSTSU;
ID YZAR:
oUTPUT OUT = T81
N = TOTCBS NTON NP NKW NCST8U
MEAN = SKIE  MTON MP MKW MCSTS4
SUM = SKIE1 STON SP SKW SCST8U4:
DATA EIGHT2;
SET CV;
IF LNCHYR > = 80 OR LNCHYR = . THEN DELETE:
IP RETYF = . THEN GO TO MISS:
wss ELSE IF RETYR < 83 & RETYR > 1 THEN DELETE;
YEAR = 19823
TOTOBS= N
PROC MEANS NOPRINT: BY CLASS:
IgquggToas TONNAGE CREW GENCAP AQCSTS8G4;
OUTPUT OUT = T82

N = TOTCBS NTON NP NKW NCST84

MZAN = SKIE MTON MP MKW MCSTS84

SUM = SKIE1 STON SP SKW SCSTS4

DATA EIGHT3
SET CV
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OPRINT: BY CLASS;
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T34 ;RPC=MP/MCST8U;

AR =~ 1;

6
7

#HOF ¥ WO HHAN
=0

Wom, W20 W (D s
2N

A ek ook ok ok o ek ok ok kR KK K
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