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M I L I T A R Y  CONSTRUCTION SUP ERVISIO N a. Ai isk.i L) istric t
AND A D M I N I S T RATI V E COST FORECASTS

h . Balliiiioie 1) Ist l ill

c. h- o t t  \Vorth 1) isth ICI

1 I NT RODUCT ~ON d. I huntsville I )ivi\l1lII

e. Ka nsas (‘l t \  1) istt lcl
Background

h - vs ’l~ \ C I I . the Direc tora te  i t t  MII i IZIIV (‘onstruct ion f. Ltts A nge l es I) lsIOl _ I
1 I)~iI( ’) . () I t ~ LC it t  th e (‘hi ef oh I ’ t ig ln l_ ’ d ls (OCE). estab ’
I lsh l iS  annua l l imits for eacil (‘orps of I TIgil lee I S 1)IV i ’ g. Med te r ra n ea l l  DivIsion
‘I Ill I ) lSl k)  ‘ s supervision and administration ( S&A
C o s t s  to r lu ih ita lv eoi istr uct i t l l l .  Il iese lili l its . svl ij chi all’ ii \ l t t i t j le  I) is trict
e\ 1l lesSe d —~~ ~~~~~ 

III t ile dollar value ot the es t l i l i a—
te d ssi t i k  phace ineni 1 FWP ) are c i irrel lt ly established i. New \ u t k  District
usinp an em pirical pr ICed nrc base d oii t h e  Div ision/Dis’
t l i~~l s  pe r to i lna nce ill (lie previous 4 II) S ~cals aiid the j. N~~tuik Distr ict
I’WP hiu the ~iex I t isca l ~cai -

k. Omaha 1)ist rid
Objective

l’he o t t t cc l l se  of t h is w i t ik  55 ,15 t i l  deVelO 1) .1 S I : I t i S t I— I. Pacif ic Ocean DIvision
cii tnodel Il l  ht rcca St l I le  S&.\ dusts lit aid DM(’ Ill Cs-
tablishing 8& A limits ft r each inihita r~ construct ion ri. Sacraineii to I)ist rid
I)iv ision ZII)d I)ist rich. The IIWddI w a s to be I orinuha ted
so t hat CiSIIV sib tamable data could he used to fo recas t  11. Savannah 1)ist n e t
future S& A dust s .

Appendix A pres ci l ts t he raw data.
A pproach

Availabl e data on the variables thought to aft ’ec I The h-huntsville L)ivision ss as eliminated t rot )] colisid-
S& A dusts were revIew ed A model was tolIl) ulatcd era t ion because insufficient data were availa ble. I lie
based on these varia bles , and regression a iialvs is was Medite rraneal l  Division was also eliminated bec,uise the
use d to fit the model to th le data.  ‘I’he predictive capa - rec ent Saudi Arabian Government workload has m viii-
hi h i ly of t h e  model as ~i tii nct ion of ’ the nti other oh ’ dat cd the historical data. Sut ’f icicnt data I or anal~ sis
Ve al  o t d i  Ii ii scsI in Is developinen t was i t tv est igated . were available l’or the [email) big I 2 Division L) is t r is is .
the fit of ti le model was checked , an d i t s  cap a bi h i ly to although som e ad j ustments were required. I lie Ness

accura t e l y forecast S&A rates was determined using a York District data were adj usted to include t h e  ottsh o re
re t l l l s ~~es IR e  l e s t  I li e model was uhen used to predict work done t ni t m l l  1 Y(1 t throug hì FY7 1.
S& \ Ci ls i,. ,llli l liii ’s ill I I m i l i tary construct i o n Dlvi—
sI~llI I)Is I I l d t s  uI 1 \ ’  and I-~ 78 Ihe Baltimore and Nultul k l) Is t i l5t ’  \¼1 ’ le s1) I ls i) hld a -

ted during the period I’\ I miiro) I g ll I-V 7~~. int l thi s ’ I l l -

h I wltr kltlusl W as Iep(tItei l  tv Ba It l Imlu ic S l l ih I Ii I IV.  iii

Olitahia and kam isas ( I t s  DistI l _ I S  5’,l’ l l _ ’ I l ISItI l i t i l telt
2 DATA R E V I E W  du ring time period l ’i ‘I t i ) rou lg il I V ‘S . ,ilId til e t o t a l

wo r kload was repui ted b~ Omaha. I 1 1 the PlIlP~ ss’ III

- 
data ana lys is , t he dali for eac h It t thes e pails oh l)ts -

~~ \ d usts  tIll h ’ i t l .~ thi~uughi 1’\ o we re  col lected t r l c t s  was adju s ted to ref l ect  the pmoportinil ol’ the
1111111 t h e  ‘‘0( 1- h’ I ugi I l l )  Review and .\ f l ,uIvsls I) Ivts iuml tota l  work t h at would have beeti placed Its each l)us-
.1111 1 l) lsir i~’t h’e l tu t l i ia l lde Data ’’ report t o t  lime t1tIhl ts ~— t r idt had t h e  co mms&thi d alit tn not taken place Appendix
iiig 4 IIiIIII,lr\ donstrilctiii l l l) Ivisuull I) is t r i d ls  13 pme sent s  these ad~ims tm ent s

- ‘•i~~~~—~~ , - ~~~~~~~~~~~~ ~~~~~ •~~~“~~ ‘ ‘ ~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ ~. l_S . . . .  ~. . S.44 ’..i , A~~~~SL Sl_~t,. ’ ~~~~~~~~~~~~~~~ ~~~~~~~~
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3 MODEL FORMULATION AND ANALYSIS l) iv usi~t u I / l ) l s l l l , - ms . e xp h aiiiiiig 2 t s  to  ‘18 2 perceiut ot
t Ime s , i lual tce tI mime da ta h i  able I). I hue muitde l &hm d mi nt

ui ilie dat-a lot 1 1w Ness ~
‘oi k D us i m Idi it esp lau ued ( I l l —

Based itIl the i i i itu aI dii i eview amid t h e  detailed Is 3 ’ t) p et ceI m I it  flue V I I  t ,IUllll I t i l im i  the itrigi lual data
htt r im t u Lt t iu im pruced ume ds’sd lu hdd in Ui / i tarv  ( ‘u,ms!riu” due to t h e  C n i t l C s ’ I t t l . i l i s t l  of all t h e  w~t i k placement tom
m Ill /: flgiflt ’eriflg att , i  /) i sj i ~p m ( ‘if /~ ir c s -O5 I S I t h e i e t a -  N~’ss \ suk w it ln m l a vs’i t:u u 11155 du llat range . l im e lam ge

t uslli Shlif ) belss eeii 5~i~~\ du S ts  fur .u particu lar Ots 5100 slamidard dl I tIl s fu r h u e  Om naiua D u s t m t c t  and Pa~ t I t ~ ()cea mi
l ) t s t t  Ct . es mi mm i a m ed work placemnenl . amid time ss a s pu’~- Divisuull caused their preduc l mu mi lum i ts  lit he v e t s  wide .
tu lated .us Otnahia DistI Isi s t _ utgc s tami damd el m 0! us p:iltt .i !Iv e\

pla imued by flue iii s)e l i t s I  e. use in ss’urk phicemnem it t t t t
= ~ “i - hi ’ ~ h I ’ + b ~ It 7’ I ls i  Ii - - 

‘ - - - - -

I I l 1 / Vt - K in time s ,isd ol I Ii. Ilk Ocean Dmv u sioiu . hiuss evet -

w h ere .~
‘
, = pied c led 8& ~ dm 515 t i l t  t h e  j i l t  l ) t v t sumt t t  t ime large smamudaid  e mn i t r  is an im miuer en l  part of ’ the P~°-

Dtstt  CI (uuiilhiu mis it do llars) cess. As laNe I si oss s h u e  unodel fun P ; icutu ~ Occa im
Div msio m m is changing es - ct v y ea t  - L)ue mu thi m s ena tic he-

lI’s est i mated ssst rk  j ’ i l .iceumiemt t  fo r the ~~ Divu- h:iviur, thue Padit ic ( )dd , t i l  Div ision ‘ivas ehm ninamed fru m m i
s l im i t  I ) t s t t  l i t  ( miu lhi umi s ut dollars) further consider ation.

1 = tmmne s t  i d  t i :V03 = 0, FY04 = I . - I

/t ))~. b 11. h ’ 1 1’ ,, = doe tt id i s ’nts for t ime j t/I l)is S t u m i l

I )t’i I Ci
MODEL VERIFICATION AND RESULTS

Flue S ,i~.\ I ,u Ic (P1 I i s  detimmed as -

= I)))) \ c ii lF q 21 Verification
T h e  va Iidi t~ of a lorec ast imu g model is delerm imimued b~

Because of the li mm ii t e d ,imnuunl 01 data avai lable t’it m ils capabi l i ty to predic l Ii lute pert o rmuam ice . -‘ sys tem’

im mdividu al l ) us us uu m t t s  l) i s t r i d I s . ti me pu mss mh i Imt ~ ut cunm— a mi d appruaciu to v en i t v u tu g  the model is to cumudu c i a
hini t ug dat a lni tmm i suttie utr all 01 the Dislui5 - t s  based on retr ospe ctive le st . Simuce Ihi~’ d urremm l  ye - a t ’s data may
simmmi l ar S&-\ cost perhitlmnal uc e was investigated. II wa s mitt be available ‘ivhemi the i ie\ l ys’a m s 8~’s- \  IlIflIl s mnust
10011(1 thai I he p r~die I ion lim it ils did 1101 imnpritve si gnit - he ~stabhsiued . t he model nix be requIred to pied mcI
t~ , ut i t Iy .is a mesul t  i t t  this pitohillg I A ppendix ( ‘I l imere — pertu nma m mc e 2 v e a us mu Ihie t u mtu re~ The m odel s capab i l—

In t l ’ Imit lie ml l ime l ) i s - isi oi t  Du s t r u c ls  were pooled il\ to predict both I and 2 cam s a l mead was I l meme tume
tested, The reh l it s pect l ve test ss as cum idum cte d it\ dolli’

t h us ’ to t ite iIIs - t s ’~us I I t g  level i t t  ‘isurk pkieemne mih in ic p timimm 1~ t he adl i mal l- ’t ~~ S~ -‘ C i ts Is  hi) 11w I V ’  It dusts

ed i t v i a l s , the ear h ie m da ta t t , u v  1101 d ied the cuire ll l t redicted 1w lime model deve loped h u m  FYo3 lhls t umgh
pe I l i t I I m l ~iIudc i t t  IhIe l ) u - I s I u m I l ~ i ) t s I t I s t s . A test  ‘iv,us Vt ‘4 data ( . m 2-v e_ II .ah u e , ud pme dm cl iunt and lit the l - \  ‘t

lO ads’ t i m de lern ilne Ihie s’f lc~~l ol de let im ig earlier data dItS IS pre dicted b~ the mmmdcl devchi tpc Imo uli  FYo4
j u l  ums i l lg mmII I ~ a lIxed m u u mm m her it l t ime most recent \ e a r s  Ihnituglì f Y 7 5  data (a I — e a r — a h e a d  pred ic tu otu t .  I able
iha t . m II ‘iS Is t t t im umd Illal u s l t t g  12 \ - e , i t s  of dali provided 2 pleseilt s the resu lm s .
s u i Z I l I t I i , i t t t iV  heller p ledl d l lu i t ts  t i t a n I s e a t s , while tus-
1111 1-55 mhi , im m 12 5 s’ I t S  ii i dali (liii i l tt t  s ug l l l t ic a l l t l v  i mmi -  I mm l iurec Cas es . h u e  :i~ luma l S&.-\ dilSlS were niti doll —
prove time predi Cti on s h \p pemidi x ( ‘  del.nls this tinily— t allIed within tile ‘K ~~~~~~ pr ediet iu lu l im n it s . I ‘isiS 01
515 . hl e lle e , 12  e,irs i t t  da ta ss e Ie t t s s ’mt t o t  model devel- t h ese cas es were lIme 2 - \ n ,’,il -ali e , ud predldt l it lms lot b3 a l tm —
IlpIneIl L mitre anih Ness - \ o I  k Dt s t I t C I s .  III bo t h i t t  these c,is ec ,

t h e  I -V s ’,il , Ihls ’asl pr edls’ I I i t t t s  did i0Ill,IiIl lIme .Ielual

~ Iic m i t e gls ’ssell ,tg,iImlst I \ It S th l t i m l ig i t  h \  ~
‘t data . S&.\ dust within lime 05 perdt ’lll pIeiIi~’Iiolm lilIlits . III

the postulated model 1miv n ied a good lit tor I I 01 1111’ I l ls ’ fluid C ISC . Ot iia iua l) is l l idl ’’ actual ~~~~ CO s I or
the I - year -a head pIed Is ’Imi’n ‘isis below the Itt’ivcI t I ’- 

d idh l i t n l immt i t .  Fluis Is plttbtlhly 5l iu e t o  the large ulmele ,i se

- ) 50 5 ps’ rceil t ) ill WitIk placeunen l t i l l  Omaha 1) 1511 Iii
St J. () I, ‘ 1110mm 1 I 11noV11 . j n~l I R. t ) s ’( ,iri ls . i! i l thzr v -

ui I r f r Ij m (iiill ii ICi l tn n l i l lS’ i th I  Pm m l i i i  l i m i t  I n  ir1 1 -~,st ’ i  I i’s lIlIl~~il 
in I V ‘It . It appea ls that Ollla iua I) m s t nu c l  ‘iv ,us suddemm lv

I I ’ ’’  S it  \ n I  S I S S i l l i l  I n n I i m I I  I t s  I l _ n I l  t nilIIl~~ r’ tasked WI t h  Illume ‘ivurk h u l l  ii h u t  capa bi l i t Ies l it  h u m ’
nil I m I ’ u n r . i I n ’lt III RI  I .  I I  ‘III die . re slIIlIIle mum 11w t oss s,il t ie till .uC t Iu , u I  S~,. \ C uSI

— - -...- ~ir’-’~~ —-- 
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fable I
Rs’iaress ioiu Results

5 = ~
ilII / m j  It ’ I 1’  1’ -

~
- h , II’!’

I sn,i i ‘lea r
t)ivI%ui ,n I)isi rici i )at a 1m 11 ~‘ l 1’ m / n~ I I t tL t t I i ) I t  SI K ~
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- \ I I IC, ls luIs ’ ul ulie pll’di’iuIIII n ‘I ih ue presl tco i m u hor Results

OIIi.uII,u I)uSilIs ’I i_ I l l  h1.’ (nh lallul _ ’)t 1111111 1 ,ItlIC 2 m s l t uk-  l Illt iICS I IIll luugh II 5)11115 lIme h V 77 JIld I ‘I ’S

iuìg 11w perce mli aIlsIl l Iuls’ ds’’i 1 , 1 1 1 , 1 1  11u7115n ’s’ i l mIte a c t ua l pmcdic t i on C q i u t l l u m m l l s  t i um si  g lap lus 101 mime Ill d t s t l t s l s  b r

amud p lS ’d ICi cil 5&-\  0)51 Dos goes a 40 2 m d l c e l I t  de s u -  w luin_ i u fimi’ mntidel provided 1 guild It . is we ll is Ne’is
alu ,m i l  f i t i  Omut -auia I3 IS I I , n .t this IIk’J’iulm,’ 5- a i t  be app lied ‘1, 1 k  1) Ist l Is - t (for ref eremmce only). h u e  pr edldltol i h un’
to all h ue Dustl IdIs iii ‘I’ahle 2. ‘I’he Ic ulls whu~h are I t s  Ildicale flue . CI i I . iC~ of ’ the predm eti om l . I Iii ’ follow-
presetu ted imu I ,i tmle 1 2 umuder I lie cot umui n l i lt  I 2 years ul tog examp le ill dist i l so how Ihey arc I l i ter prets’d . I— or
dali , mus e aim ,l’i-s’liee tubsohiute deviation ol V 5 4  per- Iba lIltOore Dism ni cm Ii ,gi t ls ’ 2zil . it flue C5 t) I I I J I I ) l  t t s S I i I l t s ’S

cc i t t  heIween a~ Iua i and pre dicted Sds.\ Co s ts . wu t h a all esiinituled work pladellient of S9O mullIon in I V’7 ”
raluge ill 11.3 Ii m 4(1 2 percen I. This implies tiu tu l t h ere tt c she s Ill he i( PCI CCIII CIlIlfidetI I Ill-al Ills’ aclUal

\S .On ill thte av e l ige - a I ,~ s4 percelil dii icrel ude he- S&.-\ Cils I wul) he betw eemu 53.80 mn uhhio mt and 55 27 m d -

~~ l s s e . - I l  thu s ’ S&\  a,lsk predidls’d b~ the rode l amid the lion. I n l i t ’ i , l l s’ I I I I V .  hs ’ - lis’ Ca l l he 95 percent confident
actual 5& \  cost s to r i \  ‘It It IS i tl ipi lrtattt 10 mime thaI thai the adlt mal S& A rate will be between 423 and
f teC, l l iSc  no ,id lIs t  its- ruts sv e rc made 10 thu s ’ umuod e l pr e- 5.86 percer I -

n t t C I l n m l l s  thums us _i W n m r S l - C : I 5 s ’  situ altoul .
Fhe grap lls 1 1 u s d  Scot plotte d u m v s’r a reasonable

r:urmge of est im ima led ‘is- n m rk pladelitemit for  each Dismn icu .
sim ce excessive extrapolation in eilher direction is risky.

I’huis ‘~eni f lcaI iott det nonst ra ts’s two ilIlp(lrlanl con- For examnp le , Ness York District , w httch has been super-
cep i s :  ( I )  the 2-vc ,ir’alis’ad predicl iot is shou ld Sc up- 515115 ! lit) average ml S30 to 54(1 million of ssnl rk  place-

daled by the l-~ ear .a htea d predic lions if possible , and mim enm each yeat , would nut be expected to pertur b in
1 2 1 IN! user mush he aware of t h e  app licable ra m gc sit Ihe sa llue Inanmler if il ‘is- d c  suddenly lasked wt lh  sluper .

lue model. v m5iml g S I 50 inillioll of Wilt k pla cem uwmm I per yea r  -

Table 2
Retrospect ive Test Results for FY76*

1-Year-Ahead Prediction 2-Year-Ahead Prediction

Actual Predicted Lower Upper Predicted Lower Upper
S&4 S&A Pr e/Jic tioli Prediction S&A Prediction Predict ion

I) (visio nt i) l s tr j c (  Cost Cost Limit Limit Cosi Limit Limit

SInk S 2 .336 2 4 1 2  1,858 2 9 6 7  2 .663 1.936 3.39 I

Iltilli inimre 5 04 11 4 603 3. 945 5 26 )) 3 .996 3 2 7 5  4. 7 16

I~orl \S,nr lt 4 947 4 93(( 4 098 5. 76m 4 9 3 2  4 I I iO 5.853

k ali’,,is (‘imy 1.72 1 1.797 1.583 2 1 ) 1 1  1 822 1.610 2 )134

1.05 \no s ’ Ics I 11,4 14)42 0 496 1.588 1) 969 1 1 4 34 1 5)14

‘1 ,6th ’  4 3 5 7  4 6 7 1  3,957 5 .385 3 .922 3.102 4 74 1

‘II 2 1(31 t OSS 1,191 2 1 8 5  1 536 1. 1)67 2411 )4

\ , i t l n ulk 2 1 1 2 ) )  2 5 6 3  1 .892 3 2 3 4  2 .3115 1. 762 3 1115

0111,111.1 7 21 )2 101(99 7 1544 12 .3 5 5 8 .8)18 6.887 1) 1,729

N,ii’r.l l lt,’ l l t n u  3.259 3 699 3 1 1(5 4.293 3 .519 29 11) 4 1 2 9

S. m u , lm l l s m I l  2 4 0 1  2 563 1 963 3 1 0 2  1 444 )) .i 82 2 7)15

1 iS IS  III 111111 li i,’ ill nI,iII;, rs
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5 MODEL USE AND MAINTENANCE ‘I wo ex a mm i p le s l us u l lg  I a t tIc 2 told AppendIx A will ‘

c h a r i t y  tIme procedture . (‘inms idei the ()miialia l) Is I I ts l  S& ,’\
pred CI oil t iir I- Y7o, A - n reported mu (‘ liapter 4 , Gimiaha

Model Use I) isl ri cl li:ad Ill I t l d l c a sc  in work phacem ti em lt  ou tside the
I lie nilldel call h)e used Ii> predldl Il ic p e rt t l r l i l a u uce ~a~mge Ill model app hi:ahility in I -Y7 6 . The h - Y 7 lm va lues

u t ’ :t pa i t i clllal l) Is ’ us I i l t  h) I s t r ic l  based t i l t  Is past Pc I- t i l l  pt i2slui Ie ih S~ -‘ ~- ,msl an d laIr lower amid upper pred ic -
h l t r l u i a n r-e IblIl l im its I m l I  Ollu alia 1) 15111.1 arc S I0,tYh) , 57 544

and SI ~~~~~ million , rc)>seLlL ’ i’chy ( h mo ni  I able 2 ) .
‘~~Ii es tmm na ted S& -\ ~u) s h f i l l  each Division/ District This-se values are compared with flue pievious v ea ‘ s S& \

can he calculaled by substituting the estimated work ~usl. and , cilnsideri lig realistic lag tim nes f’ur i l ic reas imig
placement , the appropriate time period (FY77 = 14 . S&A capabilities , it appears that the m ost realistic limit ’
FY78 IS .  s ’l c  I.  an d tI le coefficients t’roin Ta ble I it is the lower prediction limit of 7.844 million dollars .
(FY 6 5 throug hu FY76 data) into t h e general predic tiomu This allows fur a large 138 .6 percent) increase in S&A
equati o mi . The S&A rate is calculated b~ dividing the cost without emucouraging an unrealistic expansion of
S&,-~ cos t by the est imated ss 111k place unem it and multi- S&A ,
plying by 100. In l ’ ug u l e s  I t lurougil II , the value of
lime is already accounted fur and combined with the Ness York Districl provides the second cxamnp le.
comlstant term, Similarly, the cr1155 prOduct term is The estim itated work placeunent i m r  h Y7( l is 5 3 5 3 1 5
comu bined witlu this - estimm ialed s s l m l  K place itie mit term: million, This represem its a slight increase uVs ’r I- \‘75
t herefore , only an estimm iated wo rk placement is re- work phace inemit , hut Is still wit lim m this- range of nods- I
.~uired. For examp le . Mobile l)istrict ’s predict ion equa. appiicabihty. The calculated values fill pre dmcme d S&\
t iom’m is: Cos t , amid l~iws ’r and uppem prediction limits are SI t-n -S S .

SI .191 and S2. I 55 inilliom’i, respectively (from lahhe
S= 1 2 2 1  ÷ 0 4 ~ 7 ( R ’~ . 1 1 7 ( 1 ) - ‘ . - - -2). Whemm commipared with the S&A cost in I’ ‘1 ~‘ of

- - ,~~ SI ‘124 m illion , it appears that the Upper prediction
Ass l! nut tg est imated work plac et mient b r  1- ~ — 7 at S lOt) . - -

li 
luinmi is Ihie 0051 d( Imnpat uhle h i l tu m t  - Ill s us c lear siml~~’ni mo mi . 
t i e  increase in work placs-imien t in I’ Y o iuitp hies t ha I
the S&.-\ cost should increase sh uglI l ls also l’hue m I l lS cal-

S= 1,2 2 1 + ,04.~2 1 l00)~ . 1 17  ( l 4 ) * *  . ‘ - 
-cu lated value which repress - Il ls an increase in ‘-n~~ .-\ st - n I

- is this - upper predictio lu limit -1 his - ret ore ,

.5 = 53 ’)() million In additiom i , 5171CC DusI r iel m d l  111,111CC Is mm mtl u ic nce d

5~ 5 1 ( 1  b y the estab lished limit - I )‘s l( mna~ predict Ills’ es ri ’ s -

amid P =— ~ IOU 7 ‘(0 percent ted S&A rate and t ilen est ,il t l is l t  h u e  limit e ul h iem 6 , 1 1 1 5 5
5100 or tub, IVC tills valu e Ill I C S t  I I C t  or ex palld tIme 5~\. -\ ct

Rased 011 th ts s’a luc II expe cled actual perto rmnamics- , to r t . as desired I n i l  eXal lip le , if s’ \f l . I t l nt i  m l )  is ds ’ett ic , l
t he es t a lmI ls I lesI  ltmtt m a y  be set accord ing to Ilie c Ur— nec es sat y m it  a part i cu lar h ) l s l I l d l  biased omi p - n

~ ps-i-
rellt mnam iag em neml l pt>I icy l u l l  the Dislrict. tor inance , this - 1)’II( ‘ l!l,l\ 151511 t ll cs ta t n l i s it t u e  limit III

the tipper 1)~~ percenl predic lillml limit -

I Is’ ‘-n,~~ ‘I hm nits es t  ,ihhi’,lIc,I by I)M(’ m rua y or nay
1101 Inc equa l 1 m m  th is- predicted rate . l)~1( could uiss- hits - I s u t t g hhis procedure t I l l  imprllv lng Ill.’ s’s t ,uht l l sh l -
model to calc i t late t h e  predicted 8s1e1\ 51151 and this - up~ nient of limits liar all 11w Dl’ i- isi i lnsi Dis lrtct s t i m  I- \ ‘ I n

per and I l Iwe l  ‘l~ pe rcent predm .’lmuIi limits for this ’ es l m— .‘ziu use s sums- si gnit ’ic a tu t  CII .illges For t h i u c e n o t  ml i i.’ I) us .
mutate d level Ill work pla c e uu ms - nt .  Fhie values calculated t r ic ts  ( N i l i tu l l k . () liia lta , amid 5 . l d I , l l h i s ’ t l t n n l ,  thus ’ u7sI , IIt -

could th us -I hi.’ i.- umpars-d In n  the p1151 S&..~ o ISIS and I he hishcd Jim) t i.- It anges 110111 Ibis- pmed l~~t ed 5& \ c ost It I

l i lllmt established at t h e  val ue whic h se m2 t t ls  m lio s l co rn— the lower predicti on limit, I I I  Iwo l ) l s t l  o t ’ - t hi ,I I: I I I l , n l d

patilile wi t h pa- nI S&\  511515 amid New ‘I muk ) iht e s’ s t a hlus )t .’,I li m it I l , i l lds ’5 I l l  thi.-
- — upper predicti umi hi mn il . I lt i s  t i .’s lm l l s  Ill s l i t m s t i m ut l a l  lilt.

lIlt Is uisi ’,l lnm, ’sJ l i s s- Itl e IIil lujs ’ l ‘u Itasi ’it nm I l l i t l i l lns h f  l’lruvellmeiil in Ills’ ~ 1l_’di5I01) Ill the muodel pli’ nl ln : l In I l l s

1, 1515 b Ile .15(111’ ihl,’Vi1l ti t) Ii illl’N Is i lt Il S 5, “m l)  )C Iu 511  - - t t i t  .1

“I \ 7 i i  range l I t (3,3 tO 2 2 ) 1  )i ’ l C s ’ mi l

~

- - - - - -  - - .- ~~~--- ‘- - ---- .- “ -  - -~~~~~~- - - - .~~~~~~~~ -- _ _ _



Model Maintenance 6 CONCLUSIONS A ND
(‘h angs-s in tIme model itself , the stability of model RECOMMENDATIONS

parameters . t his- “goodness” of ’ fit of the model with
t he d at a ,  amid thi s - accuracy with which the model is pre-
dicting S&A costs should be checked periodicall y. Ta- ‘I’hie m odel presei tts -d iii this Is-port provides a valid
his- I sh ows this - changes in this - model and the pararne- tecl itiique f ’or est imat imu g S&A costs as vs-fi lled by the
i s - i s  .15 t Ime nods-I Imlove d frim iii year lii year . bcgitimiiiig retmospectiv e test , It is mecommended t l ta t  t h e  I )M( ’ use
w mI h l  th i s - data Imit it i  FYO3 thiroug lu FY74. Only to ur this model .is an aid iii s - s tab hls l l mm tg S&A l~mits
Dist i ic t s Is- ta lus -s t this ’ sam e model for all the years .
svlllle Nc’s York chamige d m odels every year For mnost The results indicate that this - unadjusted model pie-
Districts , t he coet l ’mc iemits t’or the paramneters remnained dictions will li-ave tom avemage absolute deviati omi in the
t a lr )~ sta ble, h owever , in some Districts. such ~‘s New range of 10 to IS percent. This deviation can be sub-

9 ‘1 mt rk , a change in the model itself caused drastic chan- stantial ly reduced , by as much as h alf , by accounting
ges in the paramiieter s ’a htues , indicating that different for chatiges in expected district perform ance , culldi-
model param eters m a y  becom e significant as the model tions, and policy. 1heref ’ore . the DMC must consider
muoses svmn h lOne. Caution shouhd therefore he exer- changes it u alp s -ratin g conditions or mnanagennent polit y
c ised in predicting several years in advance , wi t ti im ! this - Dismr lctfDivis ion when using the model in

establishing S&A limits.
When each ye-ar ’s data becomiie available, the data

base should be Lpdated and the regressions performed Although tN! model can be used to predict costs
b r  each District. Radical changes in the model used or both I arid 2 ~ea!s in advance , the best results are oh-
in the parameter values should be noted, Si lni larly. de- ta m ed la ir preduct iu mu s made I year ahead, Thus , the
creas ing values of R2 amid/or increasing values of S m di- mnods-l should bs- updated with the past year ’s data be-
d -a te  that the model’s predictive capabilities are decreas- tore determining the new year ’s limits.
ing .

It is recomninended that the model maimitenance pro-
Finally. the accuracy of the model as a predictor ceduares described in Chapter 5 be i m p lemented on

should be checked annually, Actual values which con- DMC’s com puter system n to provide DMC with the u s-c-
tinualhy fall outside the prediction limits indicate ha- essary technical capabilities to perform norm al miiodel
sic imiadequacies in the model itself, m ain ten-al ice.
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APPENDIX A:

DIVISION/DISTRICT DATA FOR FY63 THROUGH FY76

Alask a District

FY EWP S&A Cost S&A Rate
(million S) (million S) (

~~
)

196 3 22.037 I.~ (s4
19s 4  .25.116 1, 632
1965 27.3 23 1, 707 (t .147
I 966 20.477 1,701 8,307
1967 18 ,547 I .tFSÔ 9,090
1968 2 1.73 1 1 ,636 7.~ 2S
1969 31.620 2,268 7 .173
1970 27 ,356 I ,7’-)4 (> 558
1971 15 ,527 1 , 12 1  7 ,11(1
1972 18 ,567 I .45’s 7,853
1973 18 ,609 1.51 9 8 ,It>3
1974 29,411 l. 7’s>I 6 ,083
1975 27.040 2 .178
1976 38,287 2,336 ~. IOl

Balt imore District

Reported Reported Adjusted Adjusted Adjusted
FY EWP S&A Cost EWP S&A Cost S&A Cost

(mil lion S) (million S)  (million S) (million S) ( ‘ i )

I’)63 1I. )
~~5 1 . 5 2 7  1l.’s05 1. 52 7 (>2)84

I ‘9>4 2X .3~1) I .615 2S ,3o1) I .615 5. h ’ S
‘~U’~ 13. ’) ! I I 5 ’ ) ) )  23 ,91 I I S ’9) (>~ s ))
I’9i(> 23 141 I .3’s’s 13.14! I I’s’s S ‘ I ’’
I’Ot 7 24 .1 ~() 1. 459 24 ,150 I.45’~ 

(-‘04 1
l’- ) I> ’s 11.M1’) I,l S4 21 829 1 .154 5. 9SS

1>9> ’) 1)1.1 4 1,153 11) 1 34 1 .153  ~~~~
I’l~ 0 1’ ~‘)4 I ~‘)‘I 17 .~ ’)4 I 3 5)5)  5.070

I (>0.1’)” I.~~23 ~~01’s I .322 ~~~~~
1~~2 ‘ 0 0 ’ ‘ 154 . 4 S 5 1 8  I .7l~ 3. 722

‘F ,—4 0 ’  .) .II)’l I> I - !~~ -
— 3 (14 1 4 ’)), )

9) ‘4 I 1~ 2 3  4 ’)4(> I I-’ I ‘3 4 94)) 14
S I II, -~ ‘‘I U I’ )I I ‘‘I I> I’~I 4.541

I ’ ) i ’ ‘l~ ‘s 3 . . . , s ‘ I’F ~~ 4 ‘ ( 1.1)1 I (8)

II
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Fort Worth District

FY EWP S&A Cost S&A Rate
(million S I (million S) I’

I ‘9,,i 4~ . 133 1 7s)s I 5 ‘,I5
1964 ~0.088 3,473 4 ,955
I’)O5 6 0 ’ M~

) 3J53 5 ,516
l~)6h 60.703 3 ,3 1 I 5.454
1 967 33.835 l OS’s 5.787
I~)68 45 ,197 1 ,680 3,717
1969 47 .883 1 ,823 3,807
I970 34 .’)16 1 ,890 5,4 11
1971 67.368 2,861 4.147
1972 91 .3 ’s ’ )  3 ,1 15 3,409
1973 101.148 3 9 1 4  3.831
1974 I3 I . ,~’sI  4 .616 3,500
1975 144 .417 5.035 3.486
1976 145.488 4 .947 3.400

I 

-
Huntsville Division

FY EWP S&A Cost S&A Rate
(million S) (million 5) (

~
)

196’) 3.008 I .057 35.140
1970 9.851 1 .446 14.677
197 1 108.451 5 ,844 5.389
1 > 1 71 I 1’).236 7,83’) 6.066
1973 76 .335 5 ,179 6,916
1974 S . 813 3,475 6,1 17
1>1 7 5 33.860 2.005 5. 911
1>476

1>

- _ _
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Kansas City District

Reported Reported Adjusted Adjusted Adjusted
FY EWP S&A Cost LWP S&A Cost S&A Cost

(million SI (million 5) (million S) (million 5) (‘7 I

1963 16.918 1. 3’s’) 1 2428 1.3 ’s> ) 5 . 158
1964 U> ,634 1,200 16.634 1.200 7 ,2 14
l>1 >5 20.554 1 .4(’.>) 20.554 1 46>4 7.147
1 >166 I” ) k54 1.322 I-) ,( 54 1.322 6.726
1>467 16. 600 L2l4 16.600 1,21 4 7 .313
l~)68 40,812 1. 510 40.811 1, 510 3,70()
1969 44.792 I . ,3,I 44 .792 1 .633 3 ,646
1970 13. 883 1.281 23,883 1, 281 5 ,164
197 1 35. 72 5 1 .605 4,49 3
1972 37,834 1 .609 4 .253
1973 31) 944 I 603 4.0 1 3
1>174 42.053 1.586 3 7”I
1975 44. 163 1 . 5 5 > )  1 5 9 )

19Th 57.367 1. 711 57.367 1. 72 1 3,000

Los Angeles l)istrict S

FY EWP S&.-~ (‘ s~st S& -‘ Ralt ’
(million S) (million S I

1963 51.5 , 18 ,i.0.i.’F
1964 37 .363 .1.3 ~3 I> .~~~‘ I
1>465 43 , 3>1 ,1 1 . 1’ )’ , S ~I>
1966 3Q ,101 1.1>4 4 U ‘ -4’
1967 35 . IRt  1.418
1968 44 . 441 2.o.iS
196>) 54 . 5 5 5  1. 41 ~ 1) 76

1 970 31.510 I .‘s ’ sS 5 1 ’ s

197 1 31.ll> I .~ I 1 I I’-’F >

1Q 72 9> %41 I ( > 1 ) )  4 4 74
I > ) 73  I~ . ’(>Q 1. 1)11 ~. I 70
1Q74 1 3 > 4 1 1  0.~ 4I 5 3 . 14
I9~ 5 26 84’) 1. 402 5.I.’I
I 976 24,”)S I i(>4

11
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Mediterranean Division

FY EWP S&A Cost S&A Rate
(million SI (million 5) (% )

1>463 3&510 4 233 11,594
1Q64 29 .119 3393 1 L652
1965 4 1.921 4.568 1ft896
1966 50,030 4.114 8 .223
1967 20,144 1,633 13,071
1968 16.982 2,552 15,028
1969 22,875 3.401 14,868
l970 45 844 4 .599 1 a032
197 1 39.950 4.694 11350
1>472 52. 174 3 ,158 6.053
1973 2 1.543 1,372 ILOII
1 974 20,404 2.728 13370
1975 87328 573 1  6,563
1976

Mobile District

FY EWP S&A Cost S&A Rate
(million 5) (million S) (%)

1963 42.640 2 ,496 5,854
1964 79 844 4 ,358 5,458
1965 106 752 5 .461 5.116
1966 83.976 4,702 5 599
1967 56270 3.395 6,033
1968 47,2 15 2,348 4973
1969 24,827 1 ,636 6,590
1970 23,537 1 .458 6,195
1971 39.222 200 1 5.102
1972 57.273 2.566 4,480
1973 66,972 2,731 4.078
1974 75,189 3 .082 4.099
1975 87i88 4,041 4,635
1976 11 1,725 4,357 3.900

34
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New York District

FY EWP S&A Cost S&A Rate
(mil lion 5) (million SI (~7-)

11)63 18 .4)5 1,105 6,001
1 964 30.587 2.146 7,016
1965 2>1.91 1 I ,~41 (> 493
1>166 31.803 2.078
1967 29 .590 1. 828 6 .178
1968 3>4.02 5 1,857 4 ,758
1969 17 .286 LS51 5,684
1970 1> .742 1 .449 5.4 18
197 1 42 ,173 L995 4 ,73)
1972 35.477 1368 4,984
1973 33.186 1,71 1 5.156
I>)74 35.072 1. 520 4.334
1975 3 1.2 10 1, 924 6.165
1976 38 .315 2.03 1 5,301

Norfolk District

Reported Reported Reported Reported Reported
FY EWP S&A Cost EWP S&A Cost S&A Rate

(mill ion 5) (million 5) (million 5) (million S) (% )

1963 9 , 17 5 0,617 9 ,175 0.617 6315 
- ‘

1964 8.028 0.550 8 .028 0.550 6,851
1965 I7.609 1 ,055 1 7.609 1 .055 5.991
I’)ob 15 .382  1 .055 15.382 1 .055 685 ~

)
1967 16 .806 1. 091 16.806 1 .092 6,498
1968 14 .459 I .146 24.459 1.246 5 .0>44
1969 25. 870 1. 428 25. 870 1.418 5 .520
1970 15 . 713 1,03>) 15 .713 L03>4 O . > I2
197 1 23.169 1.20 1 5 .184
1972 24.689 1. 237 5 .010
1973 26.209 1 268 4 8 3 8
1Q74 21 .852 0,818 2 1 ,852 0.818 3,74 ,1

1975 32. 7 ) 3  1,519 31.713 1,519 4 ,643
1976 6,1.115 2.0 20 63, 115 2.020 .1.200

35
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Omaha District

Reported Reported Adjusted Adjusted Adjusted
FY EWP S&A Cost EWP S&A Cost S&A Rate

(million 5) (million 5) (million S) (million S ) (‘~ I

1963 1 >1 .84>) 1. 425 19,84’) 1 ,425 7.179
1964 23 .628 1.61 8 23 .628 1.618 (> 848
1965 31.708 1.966 31.708 1 .966 6.200
1966 25.3 97 1 .897 25,397 1 .897 7,4(>’)
1967 25.23 1 1 .496 25 .231 1.496 5,929
1968 30,910 1,490 30.910 1 ,490 4 .810
1 969 26.747 1 .738 26.747 1 .738 6.498
1>470 32 ,54 1 2 .3 11 32.541 2 .3 11 7.102
197 1 86 .863 4.204 5 1.1 38 2.599 5 .082
1972 118 .817 5 ,359 80 .983 3.750 4 .63 1
1973 120.598 5 .3 18 30.654 3 .7 IS 4 .606
1974 115. 667 5.830 73.614 4.244 5.765
1975 131.413 7.110 88 .260 5 .66) 6 .4 14
1976 167 .489 7.202 167.489 7.201 4 .300

Pacifi c Ocean Division

FY EWP S&A Cost S&A Rate
(million 5) (million SI (‘-

•

~~~

1963 31.466 3.103 9 ,861
1 964 56.545 3.754 6.63’)

1965 58 .109 4.347 7.481
1966 660 29 4.5 16
1967 109.511 6.151 > .166
1968 90,405 6.823 ‘L547
1969 84.958 6.667 7.847
1970 105.002 7.680 7,3 14
1971 49.834 4.034 8,095
1972 59 .995 3.723 6,206
l ’473 47 ,900 1.653 5,5,19
1 974 54,173 3.160 5,812
1975 (>5,915 3. 847 5,836
I> ~7 50 .4 13 3.075 (> 1 00
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Sacramento District

FY EWP S&A Cost S&A Rate
(million SI (million 5) (~~~

.

1Q63 17 .41 7 1 . 4 1 8  8, 14 1
1Q64 29 ,8>12 1,976 6.610
1965 14 .8.13 1 .601 6.447
I>9> > 25 . 70,1 1 .489 5 ,793
1Q 67 23.522 1.43)) 6.079
1>16 8 18,609 1.107 S ,949

196’) .15. 881 1.790 4 ,98’-)
1970 32.021 1.651 5j 5 6

197 1 25.1 38 1. 368 5,441
1972 .18 .419 1.688 4 .394
1>173 19 ,000 2.030 5.205
1 > 174 44 . 560 1.248 5.045
1Q75 46. 75 1  2.366 5 .061
1Q76 75 , 782 .1 .15’)  4 .300

Savannah District

FY EWP S&A Cost S&,% Rate
(million 5) (mill ion SI (‘7 I

196 ,1 19 .336 1 .040 5 ,37’)
1964 19 .40 1 1.2 57 6,47>4
I’-)65 34,14 1 1, 522 5 .337

19c’ 6 53.730 1.4~~ 4 .567
1Q67 47 .797 2.403 5.018
1968 51.253 2 , 1 

~1 4 .440
1Q69 46.551 2,317 4 ,1)>)> )

I>4~0 4 52 ) 7 7  1.151 4 . 654
197 1 15 .904 1. 91 I 4.912
1 971 -I 5.1 It> I .660 3.671
1973 60.760 I SO’) 2,’)~7
l’ )74 (->6. 755 2,02 1 3 .017
1975 QI 805 1.505 2, 7 1>1
I > )

~~6 107 ,015 2.461 2,300

~~~~~~~~- ‘ - -— -- -- ‘~~~~~~~~~~.‘- ‘ - .~~~~~— -. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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APPEF\IDIX B: I )  g >i>c Blb) . I he cs i i i i1a lc~ ot .\ >nlv Ik l)hto,J ’~ > ‘ .>>i k
place iiieti t to t 1 ‘ ‘7 I through )- \‘7,1 

~V C I L’ iiiiiltipiied hv
DATA ADJUSTM ENTS t h e  ies I )eL t lv e estim ated rat e s b r  t hese veal s to

rn-ale t he S&A costs shown in F igure 131 c . l’lie cs t l u l a -

te d work place m ent and S&A co sts b r  ~\ >>r  lulk Distr ic t
TIme Balt imore and ~‘

-‘.o i  i >> I k  I ) m s t > i c t ’ , w eme comisu l ida- were Omen subtracted t ’romn the reported work place-
ted t r o u t  lY 7  I through F\ 73 . w tt l> t i me total work uncut and S&A costs t ’or Balt i m ore 1) i smr ic t .  1- leuR ’ s
placemucui t being reported Os Baltimore, Both Ba lt i— B2a and B2b show these ad~ust mnents i l3a lt imnore l )ms -
inure .imid Nurt ulk Dish l ct s data t ’or t hese ye am s were tric t data. Lastly, t he adjusted S&,-\ ra tes t om Bal t i mmm or e
ad ju sted to rc f lcc t  the alnoutm t ol work that would District were obtained by dividing t h e  adjus te d w um K
have been placed E~ eac h Distri ct had they not been placement for the a f fec ted  yc a l s  and Inulmip Is ~~ ‘5

c lilsu lidilted. 100. Figure B2c shows these adjust ments .

\ s i imu pk linear relationshi p between wor k place- [he Omaha and Kj, msas ( It )  Dist r icts ~si’re > ,ns,,li-
ment an d ti ne \~ :Is tor mnu lated fu r NimmIul k District , dated trout t - Y 7  I through l\  ~‘— s . wu t lt t h e  t o ta l  s~~rk
and work placement was est imated lor 0Y7 I tltrouglm placement hci’ g rep u ted I s  Omaha . \ st i i > i lam pioce-
I- ‘t ’3 , as ~h s ~t > in Figure B Ia , .-\ similar linear rela- dure was used to ad just t i i e i m  data I ~ t i i e s  R$ and B4
tionshiip between the S&A rate al l>! year was deve!oped sIi~~ t he results.
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APPENDIX C: Due to changes iii pert ormi m a m i>  e iii p ‘1ics , the set  ot •1
Divisions/ l)ist n ets wit Ii smm m i i I ar heiiavii it ould t’ asi lv

STATISTICAL ANALYSES change. Th us , a l ter  addition of eac h Sea m ’s data , t huc
pooling st ructure would h ave to he cxa l l lune d to dete r ’
mine which l ) i v i smum m s I) is t i  m > - ms ex h ibited s i t t i j i _ i t  he h ma —

Pooling Analysis vior, For this re :isumi tIme eHe c m ill not puolimig ans I) m s ’
Due to m ite limited amount of data , it was initially tm icts ott the six t ) t s t t  j e t s  wImte i t  ~ ouLt be pooled in the

decided to pool the data for all of the Dlvis ions/ Dis- model developed above wj s  invest iga t ed
t r Ick .  -\ m odified “backward elitnination ’ approach2
composed of the lolhi w i mig s t e ps was used: Sim tee time m odel that  m es u h t ed  bro om p ’ i h i t m i ~ t h e  Dis-

t r i c t s  included all the param ne te ms . h o t  ptmoh i l mg would
a. Reciess the data against the model with all of only aft ’ect the prediction lImits In the pooled model,

t ime variables included a pooled estimate of time varia llce was used while in the
unpooled models , cact i District ’s var iance was used in

b - Use the F Stat istic to determine whether the dd e- computing its puedictiun li m its, l ime et f~ ct ut nut pool.
t mo n ot eac h variable wo u ld detract sIgnIficantly front ing was thus to tighte lm t u e  predictiomi h im it i ts on the l)is-
t he model tr icts wit h variances less than the pooled varia umce . and

hi) widen the pied j et ion ii mmii t S i n the Districts with>
c. Use Bar t l e t t ’s (‘ h I-Square s ta t i s t i c  to determine variances greater th an the pooled variamice. W ii~ t lier the

w h e t h e r  tI me residual variances ut the Districts diffe r change in the prediction limits was large enough to i)e
sigli illcammhl y considered signiticant was then deter mmm i mm ed.

It mesl d tm a ls are homnogemious . the procedure is With time pooling structures , t here was am > 18 P~~c~rn
co mplete If lot , remo ve time data of the Division/Dis. chance that time Districts pooled actually did not have
tr i e m w hose residuals are t’urt hest from ti me mmm ea nm resi- the same varia nce (a = , lS) .  If tile Districts pooled did
dt lal aria m mce and c~ to step a. not have time sa m e variance , using the pooled vaniatice

est i m ate wou I d result iii time p red ic t im m m > hill> its lot t he
TIme Stat is t ica l  l’:mc k:iee l’or the Social Sciences Distr icts wi th variances s m m m a ll er t h mai m the pooled va n -

(S I’SS 1 was used to perform time regression analysis . ance be ing wider t Itan they slmould be ammd tIme predic-
Tim accomnp lis lm t ime backward eli m ination, a dumimniy tioli limits for tIme Districts with variances l i t  gei than
vat m,mhie was used to im mdicate from >> w imj ch Division/Dis. bite pooled variance being mta r rower t l ma i m m imes sh ould
tr ict a particular data point came. ‘ihus, the II Divi- be.
5 m m  D ms t n ic t s  ha d  a total  of 45 possible parameters , as
si m tt w mm in F 1 CI - For tour of tIme Distr icts , time c hatige in the pred me .

t ion li m its resulting t ’rumit l i m it poo ling w as less t h an IS
= (> 11 + 6 111V , + 1 ! ’  ÷ b ,’~W~T l:q (‘ii percent amid was immmp e m - cepti ble w hiem i grap hed. I - i  Hal-

- — 
I nure District and Mob i l’  I ) j s tmi > ’t . t ime j m mi i t s  inc re ase , !

— 0 , ~ H 
approxi m ate l y  25 pe meen t .  I li weve t . thes e I ) i s mm i cms

- - ‘ 
had Ia mge v : in i, i mtcc s . ami d, due to lIme relativel y large a.

I lie Ba r t le t t  ( t m m ’ S t I mm:m m e t e s t  was t lm e t > used to de tem— -
- - - . - . nioiint >0 0. I t  was decide>! t i mat  t h e  tncreased i i mtu i t s

mm mmm me w hicim t ) rs  o r , ’ m r s / l ) m s m r m c t s  had similar S&A Los t  - ‘ —described the level 1)1 cmm t it  udemmce tot t Imese Dms t m m c l
be havior and sIn nuld themetor e  lie pooled. 1 able ( I -be t ter  lh iamm time Pooled h u n t s ,
shows the tes t  rcs i i l t s .  Six Districts li-ad to he remmmo ved
beto re t he I. ita or the r e r t m _ mimming  six could he pooled. l ’ l memet n’ . it is is decided that pm m m m limme the I ) s m  m r c t ~‘[lie s , ir mm e pr i~~ ess w m s .pplied to determine it ’ , m m my of did mt ot pmov mde amt ~ si~ m m m t m c a m m t  i ln pr o v emmmemm t.  Si m ice t h e
t ime six r e u t m ived l) isl~m Us cou ld lie pooled, It was f’ound pitt>h ii>g did not sm~ m u9mca m i t lv l m mlpmiv e  the p redm et iom i
t h u at ea c h i f  t h ese It-ad to be m r e ,m t e d separatel y h i m m i m t s  >0 ’ the pooled Dm~t r i c t s  ami d since t i m >’ timi p im le l

m m mo d>’l is ,‘, mst ’ i  I ’  m mta i o ta i t t .  I t  v.as dec ide> ! lot to poll1
amm ~ i t  t h e  l ) ivm s i i m ms l 6 s l m u ,  5 .

~~ ‘. It. mn. ~>, > ,, m t I  i , i U t m.  1 (1/h i R ’ e r - s u~n t,,a/vc~
\~ k~ .~ 5 - . , t n . m ‘ui . t’ t 1,7 Number of Years l)ata -~iuj lvsis

I I  N i’ . c i - at 57.5 ,5 .5k/un / i’ll - A l L ’, ,,,
~ rn> I h ue t m m m t m _ i l  m mminl e l ’v>’Iope l s~ i s  ‘ i’ re ~s ’ I  . m g _ i m u m s m  ill

.5’ , u~ !,’i i - n  i -i i Mu , , . , i s - I t i t t _ ‘ m ’ s , 01 t im > ’ i t _ m i _ i  .is.o l_ ib k’ on the .ms ~r i : r m ~> ’ m tr m l i i i  t Ime Immure
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data used, the better tIme mm md cl would reflect the ad o- minimum of hO years of diita was set as a lower hi mm mim
ah process. However , due to the itmcreas ing level of I’or the aitmount o f data necessary to get i sigm mtlI cant re-
work placement , (he earlier data may mmot ref lect the gress iom m. l’iie test procedure consisted of comm ipar ing
curr e m mt perf ’ormatice . If so , de hetitig tIme earlier data am md tI me actti al S&A costs for FY76 with tIme predicted S&->

~
using only a fixed nummiber of time most recent years ’ da- costs using m odels based on data from :
ha would make tIme mmtode l mitore sensitive to current
change s iim the Division/Districts ’ performances. If a. FY63-FY75 (13 years) (all data available)
these clmaimge s represent a true change in perf ’ormimance ,
t lmis increased sensitivity would he good. However , if h. FYÔ4-FY7S (1 2 years)
these cimange s were just random fluctuations imi the per-
formnance , theim t Ime model using inure data would be c. FY6S-FY7S ( I I  years )
hess affected by t lmesc variations.

d. FY66-FY7S (10 years)
Ii was decided lo investigate time ef lect of deletim ig

511mm) >’ of time earlier years ’ data atm d hasiimg the immode h orm TIme procedure was as follows:
a fixed numm mher of time tmmost recent years ’ data. it was
decided to use all of the available data it> the model un- a. Use the backward ehim nimmat ioim techmnique to deter-
less using fewer years ’ data resulted j im significant re- mnine time model reduction for each Divis iomm/ Distric t
duction in time average perce mmt absolute deviations. A (no pooling)

Table Cl
Homogeneity Test Resu its *

t)is tri ct Step I Step 2 Step 3 Step 4 Step S Step 6 Step 7

- ; 
Savann ah .042 .025 .025 . 1125 (125 .025 (125

-\t ,isk .i .1)29 .028 .028 .1(28 .1)28 .21)8 .028

Ii’s ,~ ir~>’k’s 035 .035 .035 035 .035 .035 .tt35

New York . 042 037 .tt37 (137 .tt37 .037 .037

Uattir miu re .1179 046 .046 .046 114 1, .1)46 ((46

Motij I>- .051 .049 .1)49 .049 . 1)4’) ((49 .1)49

I-ot t  Wii rt t i  .065 .065 .t)65 .1)65 .1)65 . 1165

Sac ranment ,, .1)17 .016 .016 .1( 16 (116

N irt ,, tk 035 .011 .011 .011

K_ i i s i s  1 ‘us- .006 .1105 .005

()nlat>LI .156 .148

‘ a im ic ()c,’;tn 23 2

l’, ii’,i I’ i l itv 7 I , >  1 01(i) 1 , 1 ) 11 ( 1 ‘199 . 925 ‘ 71 . 7 5. 1 178

•t l1) riCs SIre r~siduat van _ h a l ’s mnit t iuns it , t > i t ta ns 2 i

* ‘I’n,,t , .i i ’ i t im ~ , t iuiseit III> l t . inite t t ’s ( ‘ l i i— S qii_ iu’ e ‘ l , i l i s lm i - lt i ,i l  t Iter,’ is m siClhltlk ,O
,liti ,’r,’ii,,’ i’,’l n- ,,’,i l I me l;inI;oii- ,’’ h i m  I ) m c tm i ,  I I,, I) ist ni, - t .
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b. (‘a hula t t lie pci ecu t a bsol ii te dcv ma h u h  b> m weeii itiodcls I, ased umt I I a m d  I t )  >‘ ,i rs of dat ,i >1 hI l imi t  ~ t u-
the predicted amid actual S&.-~ cu m s t s tom eac h l) iv is i iuim vi >!>- liii t Iter sigtiil’iea mmt m im>piuivu ’ mm m emi t f u n  ei t l t em I- \ ‘~ u
District. or I- Y7 5 . ilemice . t he 111051 recent past I 2 vea i s u t

data slmould he used to t  mmmdcl deve lop imment.
c. Use a paired t-test umm t h e  Divisions/Districts to

deternmimm e if the percent absolute deviatio mm ssas si gmmitl - Table C2
candy reduced by using fewer years ’ data. Percent Absolute Deviations Between

Actual and Predicted S&A Costs for FY76
Table C2 shows the percemmt absolute deviations I’or

FY76 for all the Divisions/Districts. ‘Fable (‘3 shows Number of Years of Data
t he comparisomms between using all 13 years ’ data aimd District/Division 13 12 II 10

using fewer years ’ data, Line I of the table shows time Alaska 3 4 3 3  4 7.6
comparisons between using 1 2 years ’ data and using 13
years ’ data. The mmegative value for l~, t ime difference be- Baltimore 8.5 8,7 8 4  7.5
t wee im t h e  average percem it absolute deviations , immdi-
c: ites arm average immlproveimmen t of 2. 74 percent using I 2 Fort Wo rth (1 . 1  i i  1 0.6 2. 11

years ’ data instead of 13 years ’ data . T he stammdard dcv i- - -
- Ka nsa s ( itv  4 4 4 .4 34  5. 1

ation of time dit lerences for tIme Districts is given by S1). -

Fhme value of the 1 statistic , t he degrees of freedomo (dl), Los An*m>’tes 22 . 6 23 ii 26.6 28 .5
amid t Ime associated value of a, the probability of reject-
ing a true Imypothesis , are also sh own. Mobile 1(1.2 7 .2 6.9 8.3

New York 27. 1 t 6.7 16.5 20.2
TIme mmli hypothesis tim -a t time average percent abso-

lute deviations hetweemi actual FY76 S&A costs and Norfolk 30.5 26 , 9 4 5 35.6
predicted FY76 S&A costs for mmmodels based on 13
and 12 years ’ data are equal can thus be rejected in fa- Omaha 37 .8 4iL2 56. 4 34. 0

s- ,>r o f the a ltermmative Imypotlmesis tim - at the average per- Sacramento 26.6 t 3 5 33. 9 6 2
cent absolute deviations for time model based on 1 2
years ’ data is less t lman that for tl me mmiodel based omm 13 Siivannah 7.9 4. 1 0.8 26 .8
years ’ data , Th is iimcurs a 5 perc em mt risk of rejecting a
trite is pothiesis . Time mm ull Imypothesis t i mat the i’m’iodel Average 16.28 13.54 15.68 16.53

h,iseuh on I 2 years ’ ulat a is as good as t u e  mm m od e hs based
on tesver e,ii’, mit  data c a mimm o t he reje cted wit h ou t iii’ Table C3
cmi rri lIg ui im e a s mi mma bh y large risks. Paired I-Test for FY76 S&A Costs

H1~ : I) = i11 :  I)
‘J ’ h ie sam e amialys is wa .s applied to  t h e  FY75 data —

( Tables (‘4 and (‘5) . Usimig less Oman 12 years of da ta  
Comparison I) S0 I dl

~hi>h not result itt a signitica imt improvem mienl - h ence , t ime 12 vs 13 ym’s 2 .74 4 90(1 I 888 I)) ic
null h ypoth esis t im - a t  the m mmmm de l based oii 12 s ca m of
data is as good as t h e  models based on II or 10 years II vs t 3 yn s 0,61) 9,184 ( .2 17 It) . 4 2

1)1 data caimnot he m e iect ed -
tO vs t 3 yrs 0,25 9 ,602 0.085 to  5 .1

1mm cm , m mcl usi uimm . tIme nmm> deh based ott 12 years of da— 
~ vs 12 yrs 2 .14 8.969 ii 793 1(1 .78

ta pm u ivished 51gm > iI’icaii thy bet ter  predict ions of l:Y76
S&.\ Ci is t ’, tham i t ime mi>od e l based omm 13 years of ’ >lata ~ It ) vs 12 y rs  2. 9’) 8. 1 ( 12  1 . 23 5 I)) .8%
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Table C4

Percent Absolute Deviations Between
Actual and Predicted S&A Costs for FY75

Number of Years of Data
12 I t  tO

Alaska 15.6 14 ,8 15. 11

Batt irm mi ire 14. 11 13.6 13.6

Fort Wort h 0.5 0.7 0 .4

Kansa s (‘ i t s  5 .2 5.3 4 . 9

Los Angeles 1 9 m m  20 .5 25 .4

Mobil e t 8 .t  15.4 16 . 3

New York 29.3 3 1 .5  3)) .2

Norfolk 111 .4  11 .8  8 .11

Omaha 1 S t  15.0 t 5 .O

Sacramento 8.6 7.5 4. 4

Savannah 30,1 27 .5 13, 8

Average 15.1)8 14.87 13.36

Table CS
Paired t-Test for FY75 S&A Costs

H0 : D 0; H 1 : D < O

Comparison D 5D t df

I vs . 12 yrs 11.2 1 1.57 1 1) 44 1 1)) .33

Ii) vs 12 yns 1. 72 5.498 1, 1)37 II) I 6

4 3
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