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l~~p~Il tt~’~ ’i. The Nava l Pay Pretlic tot , ~ t ( ict ~ (NA 1~PO) Model, desi~~ed to .tu II

plish this objective , relies so lely upon historical population data and user—supp lied eii~l

strengths. TIInC ser es analysis is used to k,terinlne .i geIwral set of forecasting

models that adequately exp taii’i the historical data. Other stat i s t  i a l  procedures,
including those employed in k’termining the cost of paying the off icer force and in
est imating newly commissioned off icer input popul~ t ions , are also described. Va lIda-
ion results indicating errors of less than .21 percent , .64 percent , and 1.06 percent I or

1— , 2 — , and -sear lead times, respectively, (or tota l of f i c e, basic pay are l)rt St’t1tt’~~.

These results represent an improvement of more than 80 percent over the average ol
the Last 9 years of forecast ing by the budget planners.
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SUMMARY

Problem

Navy personnel planning and policy decisions often involve problems of predicting
future events or conditions. One such problem is that of forecasting the Navy’s military
manpower budget to avoid cost overruns and personnel policy turbulence. In particular,
cost overruns can occur due to inaccurate predictions of either the personnel force
structure (personnel arrayed by length-of-service (LOS) and pay grade) or the various pay
rates. To control the first source of error , forecasting models are being developed to
predict required obligations based on a desired or allocated man-year average by pay
grade.

Objective

4he objective of this effort was to provide a detailed description of the analysis and
procedures used to formulate a model for forecasting Navy officer force structures and
basic pay obligations. The model, which will be used to monitor the service age
characteristics of the force and its costs in basic pay, is known as the Naval Personnel
Pay Predictor , Officer (NAPPO). — -

Approactu

NAPPO relies upon historical USN, USNR , USNT , and All Navy (ALNAV) quarterly
force structure files dating back to 1963. Time series analysis techniques were applied to
these files to find a particular set of time series models that would be appropriate for
forecasting the LOS marginal distribution of each array. Various combinations of these
forecasts were then compared to obtain a “best” forecast for the ALNAV LOS distribu-
tion. Additional statistical procedures, previously developed for the Naval Personnel Pay
Predictor , Enlisted (NAPPE) model, were used for (1) deriving the interior of the force
structure matrix given the forecasted LOS and inputted pay grade marginal distributions,
(2) forecasting the force structure for personnel with less than 1 year of service or more
than 30 years, (3) costing the force structure, (4) estimating average strength, and (5)
validating the model.

Findings - - .

~“~ rhe statistical techniques employed in NAPPO proved to be highly accurate in
producing estimates of officer basic pay. Validation results indicated forecasting errors
of less than .3 percent for FY76, FY77, and FY78. NAPPO’s predictions for mean LOS of
the force also indicated a high degree of accuracy. As expected, the accuracy of the
forecasts generally diminished as the forecast lead time increased.

,~
Conclusions )

1. Sufficient data are available to allow time series an~lysis techniques to be
applied toward the development of a model to forecast the officer force structure and,
hence, basic pay obligations.

2. A particular set of time series models explain a great majority of the data. This
set of models provides a solid statistical basis for making force structure forecasts.

3 Comparisons show that the NAPPO model is much more accurate than the
current procedures used to forecast officer basic pay.



Recommendation

The NAPPO model should be used by Navy management to provide future basic pay
and mean LOS estimates.

‘
I
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INTRODUCTION

Problem

T he N a v y ’s ability to meet its manpower requirerner- its , iii t e r m s of both quantity and
quality of personnel , is restricted by the size of the personnel budget. Recru it m ent ,
promotion , retire m ent , and other managerial policies are all directly or indirectly related
to the amount of dollars available in the Military Personnel , Navy (MPN) budget , of which
17 percent , or approximate ly 1 billion dollars , is allocated for basic pay of off i cer
personnel. In fiscal year 1978, $1 ,093,603,000 of obligat ions were incurred for this one
i tem . Thus, even a 1 percent discrepancy in forecasting the officer basic pay com ponent
may result iii an over- or underexpenditure of $10 million. Because the amount of basic
pay is directly proportional to the officer force structure (i.e., the num ber of personnel
tabulated by pay grade and length of serv ice), the force structure ’s configuration must be
forecasted accurate ly to predict future basic pay accurately.

Background

The officer force structure is characterized by 14 pay grades and 32 length-of-
service (LOS) categories. A representative force structure matrix is depicted in Table 1.
Th’~ pay grades are composed of the regular officer force (0- 1 through 0-10) and the four flwarrant officer grades (W-1 through W-4). The LOS category refers to the number of
years in service , with cel l 0 including all personnel with less than 1 year of service and
cell 31 including all personnel with 31 or more years.

Once a force structure matrix is projected, a simple procedure is followed to obtain
the cost associated with that configuration. First , because the force structure f luctuates
over time, the projected population fo r a certain period of time is obtained by finding the
average number of personnel within a pay category at the beginning and at the end of the
period. Next, the cost is calculated by multiplying the average strength within each pay
category by a prespecified statutory rate and summing over all pay categories. The 125
pay categor ies and a set of repres entative rates are depicted in Table 2. Not included in
Table 2 are the pay rates for 0-I’s, 0-2’s, and 0-3’s w ith 4 or more years enlisted service.
Naval Personnel Pay Predictor , Officer (NAPPO) does not attempt to forecast this 4
particular group of personnel because future pay grade totals, which are input to NAPPO,
do not inc lude numbers for these personnel. The primary task , then, in forecasting the
off icer bas ic pay entails the fo recas ting of the force structure.

The NAPPO model employs several sources of data. First , four separate quarter ly U
force structure fi les dating back to 1963 are maintained. The four files contain United States
Navy (USN); United States Navy, Reserve (USNR); United States Navy, Temporary
(USNT); and total force (ALNAV ) data, the latter being the sum of the other three files
for correspond ing grades, years of service , and point in time. Thus, snapshots of those F

forces over time provide the basis for applying time series analysis. Also used by NAPPO
f or va lidation and forecasting purposes are (1) the pay tables (e.g., Table 2) that have been
in effect since 1963 , (2) managerial inputs in the form of pay grade totals for each quarter
that is to be predicted, and (3) actual (historical) pay grade totals. If predictions are to be
reliable, all of the data base must be kept as up-to-date as possible.

Objec tive

The objective of this report is to provide a detailed description of the analysis and
procedures used to formulate the NAPPO model.

_ _ _ _
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APPROAC H

The basic approach taken by NAPPO is an aggregative one. Althoug h the use of the
hmstortcal quarterly inventories ultows ready observation of personnel f lows , making direct
prediction s for each length of serv i l e (LOS) cell would require additional knowledge of
promotions , su ml ~s tirm ie-i n-grade dnd f low points. This inform ation , in turn , would not
only lead to the expansion of the data base but also to a much more complex model.
Instead , N -\ PR) relies ,oleI’~ upon his torical  data to project the future. It forecasts the
LOS marginal dmstrtbuuon by considering its statistical properties and then distributes the
personnel over the authorized pay grade totals to arrive at the final force structure
matrix. The following section s describe in detail the methods employed to forecast future
inventor es.

Forecast ing the LOS Distribution

Examination of the quarterl y force structure tab les suggests two alternative ap-
proac hes for predicting LOS cells 1 through 31. (Cell 0 is a special case and is discussed
beginning on page 9.) The first involves the use of the actual cell populations, denoted
P(t) (i.e., the population with longevity~~at time t , with t being measured in quarters). As
will be demonstrated shortly, a forecast for LOS cell j

~ 
at time t, F~(t)~ is calculated using

actua l and/or previous forecasts for the quarters through time t-l. That is,

F~(t) P. (t -  i ) .  ( 1)

The second approach consists of using a set of transformed variables that meas ure
the transition of the force. They are def ined as net loss rates (r) and are given by

r.(t) = (P.(t) — P. 1(t+m))/ P.(t), (2)

for j 0,l,..., 30. (The loss rate for cell 31 is also a special case and is discussed on page
i i.) Thus, (l-r

1
(t)), or C~(t)~ is the continuance or transition rate; namely, the proport ion

of personnel in LOS cell jat time t that “move” to cell j + 1 at time t + m . Since LOS is
measured in years, rn i s se t equal to 4 in NAPPO, thus providing yearly transition rates. A
forecas t fo r LOS cell j + 1 at time t is then computed as

F. 
1( t)  = C~(t~4)P~(t~4) (3)

where C 
1
(t~4) is the predicted rate of flow from P~(t-4) to P141(t). Because P

1
(t~4) is

known, thi s method requires only the forecasting of the continuance rates.

Given the four data sources available in the USN, USNR, USN T, and A LNAV files,
there are four stra ightforward ways of forecasting the ALNAV population of LOS cell

+ 1 at time ! using the two approaches outlined above. They can be written as

F~ 1(t) P~ 1(t~4)C~ 1(t-4) ~ P~2(t~4)C.2(t~4) + P~3(t~4)C.3(t~4)~

5 ,- ~~~~gDINo F~~~ bL&L’~
p

_I
’ 

-- 
_~~~~~ _~~

__
)c ” -

L1.~ 9*~~t~~ - ~~~~~~~~~~~~

- .  ~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~ ~~

—

~~~

-— 
. .  

~~~~~~~~~~ 
- - - -

~~



F2 
1
(t) P~4(

t_4)C
,4
(t_4),

F3 (t) P (t— 1) + P ( t—l )  + P (t—1 ) (4)j + l  j + l ,1 j +l ,2
or

F’ ( t ) = P  (t - l)j-s .1,4

where P)k(t) designates the actua l number of personnel in cell j at time t for data set k
1,2,3,4 indicating USN , USN R, USN T, and AL NAV , respect ively. Note that the first two
forecasts use predicted continuance rates, whereas the latter two use actual population
projections. Also, the first and third forecasts combine USN, USN R, and USNT
predictions to give an ALNAV forecast.

As was done in the NAPPE model, time series analysis techniques (cf., Box & Jenkins,
1970; Brown, 1963) were applied to the four data sets to forecast the continuance rates.
For each of the 124 time series (31 different loss rates for each of the four data files),
each consist ing of 58 data points, the rates were plotted, along with their autocorrelation - -

and partial autocorrelation functions. Also, the first differences of the loss rates and ~. -

their autocorrelation and partial autocorrelation functions were computed and plotted.
Seasonality factors were identified by calculating the autocorrelation functions and their
standard errors. Finally, a chi-square test was made on the first 24 autocorrelations to
determine whether they could be di;tinguished from white noise. This procedure was used
in an attempt to ident ify a general class of time series models that would be applicable to
most or all of those of the individual time series while, at the same time, being
conservative in the consumption of computer time.

Table 3 presents the series ’ seasonality factors and suggests one or more appropriate
time series models based on the autocorrelation and partial autocorrelation functions.
The terminology employed is that of Box and Jenkins (1970 , Chapters 3 and 4), where a
(p,d,q) autoregressive integrated moving average (ARIMA ) model is differenced d times
and contains 2 autoregressive and q moving average parameters. Thus, an entry in the
table such as “(1,1,0) x 4” implies that a (1,1,0) model be fitted to the series created by
taking Z~ - Z~ ,4 for t > 5, where Z~ is the ~

th observation in the series. This step
eliminates a seasonality factor of period 4.

The undifferenced data in a large majority of each set of series indicated non-
stationary behavior. Many of these appear to be well suited to a single exponential
smoothing model because, in general, they do not vary about a fixed mean, yet they
exhibit homogeneous behavior of a kind. In this regard, Box and Jenkins (1970) comment:
“. . . although the general level about which fluctuations are occurring may be different at
different times, the broad behavior of the series , when differences in level are allowed
for , may be similar” (p. 11). The exponential smoothing model is most easily recognized
by its recursion formula,

= aZ
~~i + ( l_ a)Z

~ 1(ct), for r~ <c ~ < 1, (5)
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‘ s i mim i tar procedures were used to ProIhict’ a set of mriodels tha t would lit m ir t ’st of t 1w
actual population data. Table 4 summari/es the analysis for the I 24 t i m i r e  ser ies cove ring
LOS cells 1— 3 1. (4 el1 0 is a special case and is discussed below). In contrast 1. ’ Ow
enlisted LOS cell populations , very Ii ttle seasonality is evident in the oIl icer populat ions .
Ninety—two of the 124 tuire series are best imiodelled by the sing le exponential. f t  rs t order
autoregressive, or seasonal model of period 4, all of whit-h are described .ihovc . The
exponential model alone appears to be adequate for 79 of those.

SN , I, ISNR , I, SN 1, and ‘\ 1_ N.’\ V t o t  t.t ’as ts to t a part icul.-mi quart e t .it ~ P~ ~~~ itl (’tI tot
each LOS cell using (‘ontinuance rates and actua l population tl.it.i . I In’se individu al
forecasts are produced bs the mir odel that mini ni zes historical error. These eight
forecasts [or each cell (two fo r ec as ts  for ,t Particular LOS cell in each ot I o t i t  data s e t s )

are used to produce the tour AL N AV forecasts seen in equation (4), where the I SN,
LISNR , and I SNT forecasts art’ cottibined.

Uxairr inat ion of the forecasts F ’ through F ’ ~ I,’tlt idtion (4) showed that the fo r e cas t s

based omi continuance rates (F F’ ) iclde d less historica l error than those based om i .- u I  ti~il
population data (i~ , F”). t ’o m s equently , imi some cases , t he latter I om rcas ts  could be used
to “damp” t he continuance rate forecasts. Such instances would be characteri ;cd Nv
conditions in which the continuance rate Vari es inversely w ith  the source pop’.ilation.
Thus , a f i f t h  prediction was made by taking a weighted sum of the f i rst  four:

~~S ( t )  ~ I 1: 1 (t )  F~ (t))/2 ~ 
( l— ~

) (r~ (t ) + F” (t ) ) f 2 , (~
)

UI ;-  I UI  j i l  j~~ I

0 c L~ I. I lere t~ is soiin’ -~ eight that produces a minimum sum of squared error. t i f l (IIV
the forecast for a particular cell is the one chosen from F F’ , F’, I’” . ~

-‘
~~

} t hat ias

the best estimator of the past , w i t h  “best” implying the forecast that mim iimii izes historical
error. As will be seen, t his “fina l” forecast will mnost likely be modified.

Special Con siderations for Cd!s 31 and O

As noted earlier , LOS cell 3 1 con tains all personnel wi th  more than II s ears of
service. Recause the contimluance rate as previously defined only exp lains the ir iove m iront
of personnel f rorn r’eli 30 to t’ell I • a special rate was defined that would encom ii pass the
movemnent of personnel from cell 30 as well as the continuance of those personnel already
in cell 3 1. It is written

r 31 ’ .t) = ((P
30

(t) I’31 (t)) - P 3 1 (t+4))/ (P 30(t ) + P31 (t)) . (7)

(Compare wi th  (2).) The tim ne series composed of these rates was analyzed in the same
fash ion as those for r0(t ) through r

Cell 0 is  also a special case: t ha t  is, no (-omit inuan( ’e rate can be defined tot it because
there is obviously no source population wi th  mnil ita ry service less than 0 yea rs . .-\ Iso , due
to the fluctuating input of new Iv co mrr m nissic-tw d off icers (determined lii ge ls b’. personnel
polic - it ’s ) , the high degree of instabi lits of populations in cell 0 mua ke it umidesirable to
smooth t i-k’ historical populat otis in that cell. Y e t , one ready— m ade forecast is OV .tiI..lt)lc
frotn the rea lization that the sum of the forecasts for cells 0 through II minist equal the
total force s i / O .  Thus, we have the “residual forecast ”:

p
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~~(t) F(t) 
3 1 7

‘v~ere l?~ is the A LNAV forecast for cell 0, F is the total force , and P~ is the best forecast
selected f rom {F ’, F 2 , F 3 , F ” , F~1 ~or LO’~ cell j . This forecast for cell 0 may be
abn ormall y sm all, large , or even negative , however , due to large changes in the total
force size and the relative stabil i t y of forecasts P~ throug h P~ . Therefore , the fol lowing

analysis was performed to obtain more realistic forecasts for all the P.,~.

First , proportions were computed that relate the size of cell zero to the total force
si ze over the historical data base. Symbolically, these ratios , denoted R , are determined
by

R. P0(i)/F ( i) , for i = 1, .~ ., 62 (9)

where i represents 62 quarters of history and P0(i) and F(i) are the cell 0 and total force
populations for quarter i. Next , the R 1

1s were examined f or trends and patterns using time
series analysis. As it turned out , a second-order moving average process applied to f i rs t
diff erences fi ts  the data extremely well. This model is written Z~ = Z~~1 _4 a

~~2, where
at 2 ,  the error for period t—2 , is the actual val ue minus the forecasted value for that
per iod and ~ lies between 1 and -1. Thus , the fo recast for a cell zero to total fo rce ratio
fo r time period t , denoted R t , is determ ined from

- .S666a~~2
or ( 10)

Rt - .5666(R
~ 2 - R

~~2).

Here ~ .)666 and R
~~2 is the forecast for time period t-2. Applying the forecasted ratio H

to the user-supplied total officer  force y ields another forecast for the cell 0 population. In
addition , 95 percent confidence limits for can be derived by substi tuting the 95 percent
confidence limits (.34259, .7906 1) for the value of c~ in equation ( 10) .

The final formula for computing the cell 0 populat ion for any future quarter t uses
the residua l forecast for tha t quarter as well as equation (10):

((P (0 + (R - .5666a )*F(t))
P~ (t ) mn a x{ (R

~ 
- .79O6la~ 2)* F(t), mm “ ~ 

2 
t-2

(R
~ 

- .342)9a
~ 2)~ F(t) ) } (11)



- - -

where the f i r s t  term in the brackets is the lower bound on the si ze of cell 0; the se ond,
the average of the residual forecast and the moving average forecast; and the third , t he
upper bound on the size of cell 0. The lower and upper bounds in eq uation ( 11) assume

~~~~~~~ ~ ~~~~~ 0 , the co~ t f i c i en t s  .34259 and .7906 1 would be interchanged.

It is quite l ike ly ,  however , that t he adjusted cell 0 forecast , P~ (t ) , is d i f f e r e n t  f rom
the  res idual forecast.  Thus , the discrepancy, l~( :) — P~ ( t i , r ’ i i i ~ i be dis tr ibuted over

each of the remaining cells. The procedure used ensures th at  the cells that have been
pred icted w i th  a high degree of accuracy are altered only s l i gh t ly .  It  d i s t r ibutes  the
discrepancy according to the amount of the predict ion error in a cell re la t ive  to the total
pred iction error over all other cells:

— ~ ‘ — ‘S ‘S
- - P ( t )  - l~ I t )  — I’ ~( t ) )  

~~~..~~~( t ) P . ( t L  I ‘
~~ ~~(t)) , ( 1 2 )

1,2,.,., ) 1 , where the error is calculated as

E
1
(t) = l~ ~4 (i ) - P~(i~ ,‘ l~ ~4 (i) ( I  3)

for cell i Recall that  P 4(t ) denotes the actual A L N A V  population for cell i in quarter i .
Also note tha t tour quarters are required to in i t ia te  the forecasting process (for
computation of continuance rates); hence , the lower range in the summation.

Having executed the above procedure , NAPP O now has the LOS marg inal d is t r ibut ion
( Ps. ~ P 

~ ~~
‘ ‘ ‘  t ’~e force structure mat r ix .  The vector is complete and sums to

the total authorized strength. The pay grade vector is ei ther supplied by the user or
interpol ated by NAPPO (discussed on page 14). Thus , the problem now is to calculate the
inter ior entries in the force structure matr ix .  Once this has been accomplished ,
inu l t i qua r t e r  forecasts are obtained by concatenating the predicted quarter w i t h  the
histor ical data base and employing the optimal t ime series models that  were chosen for
the f i r s t  prediction. -

Construct ing the Force Structure M a t r i x

Given the two marginal dis t r ibut ions of the force structure m a t r i x , NAPP O follows
Mosteller ’s (1968) procedure for deriving the interior. This iterative procedure involves
the renormalizat ion of the rows and columns of a standard m a t r i x  to obtain the given
rn argina ls , while main ta in ing  the re lat ive “associatLons” among the entries of the standard
m a t r i x .  In NAPPO , the standard ma t r ix  is com puted as the average of the previous 12
historical ALNAV inventories. Although the Moste ller procedure is documented in the
NA P P E repor t (Chipman , 1977), it  is presented here again for convenience.

To begin , suppose that the LOS and pay grade marginals are denoted by L 1 and
respectively, where i 0, l ,..., 31 and l ,2,..., l4.  Wi th  these and the standard ma t r ix
being given , Mosteller ’s procedure involves the following steps:

-

- 
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1. Let ii I.

2. Let 5n l  
- (1 /~~s~~ ‘-‘1’ for  all  i.

I )  I i f  I j

-n .2  r~~. 1 - n + l3. Let S (‘.~ /~~ )S - for all 
~
.

I )  i i  i i

4. If ~~~~ ~ 
L~ for all i go to (2) , otherwise stop.

This process allows est imates of a force s tructure mn a t r i  ~ to be made for specific points in
time. To predict basic pay costs for  a f isc al  year , some estimate of the configurat i on of
tha t  ma t r i x  throug hout the year is necessary.

Est iman Ave~~g~’ Strength

Given an actual inventor y  at some quarterly interval  and a forecast inventor y
representing a period four  quarters later , an est imate  of average strength can be
computed; tha t is ,

+ ~~~ t 14)

where S~ and s~ represen t the ac t ua l and forecasted strength m a t r ix  entries respectively.
Clear ly,  the average force derived in this manner assumes tha t  changes in a force
confi guration over four quarters occur in a constant relation to time. Thus , if the
difference between ~~ ~~~~

. and 
~~ 

‘

~~

. were 100, an average mat r ix  would reflect a monthly
ij  :j

change of 8.33 or a quarterly change of 25 , etc.

St ra igh t l ine  methods are inadequate , however , because changes do not occur
uni fo rmly  throughout the year. U n f o r t u n a t e l y ,  the on ly practical a l ternat ives  in terms ot
available data are average strength computations based on quarterly incremei-’ts. Thus ,
given S~ for t t)ecember 197 5, a forecast of S is made [or t I~ecembe r 197h .
Simi lar ly ,  four-quarter  forecasts 5ire made June to June , September to September , and
March to March. So, by forming for ce struc t ure matrices for each quarter ly  prediction
and by combining those four forecasts w i t h  the most recent actual matr ix , a relat ively
good estimate of a yearly average strength can be computed by a f ive-p o in t  average:

~~~. , (S. - + S S S ~ ,
‘ 

~. t~
)

I )  i J t
0 

i j t  I li t , I I ,

t i p to this point ,  estimates of t u t m ” e  pay grade distr ibut ions were assumed to be an
exogeneous inpu t  accessible to the users of the model. The estimation of the 14 cells of
the pay grade marg inal dis t r ibut i on,  however , is no t r iv ia l  task.

1 3
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While the end-year pay grade structure is  roug hly established by the bud get
(authori zed end strength ) ,  the quar ter ly  pay grade dis t r ibut ions  are largel y a function of
management actions taken throughout the fiscal year. If pay grade totals for September ,
Decem ber , March , arid June are input by the user , the model will  form complete force
st ructure matrices based on those given pay grade marg inals and the forecasted longevity
marginals. This input will  be based on official  plans that reflect management intentions.
Specificall y, the pay grade populations for the 0-3 throug h 0-10 and W-2 throug h W -4
mainly reflect the planned phasi ng of promotions during the subject year , while 0-1, 0-2 ,
and W- I primarily reflect the planned phasing of input.

If , instead , the pay grade totals for the three quarters interior to the fiscal year (the
beginnin g total is known and the ending total is always input as a matter of
st rength/budget policy) are to be forecasted by NAPPO , the followin g procedures , akin to
those in NA PPE, are used: Let F .  and F~~4 ‘ ‘ the actual or user input pay grade totals
for the end (or beginning ) of 2 consecutive fiscal years. Estimates of the quarterly pay
grade totals are then given by

(F
~1 -

= (F~ 1 + ~~+ 2 i ) / 2 , ( 16) —

and

~~~~~ ~~ 4 j )/ 2•

These simple linear interp olatio ns could be altered by increasi ng or decreasing them from
the st raight line results by reference to an average of historical seasonal patterns of pay
grade popu lation movement. Since analysis revealed wide variability in the quarterl y
deviations from strai ghtline averages from year to year , however , it was decided to
allow the user to implement any seasonal pattern deemed appropriate by directly
inputting the quarterly fu ture  pay grade totals. Otherwise , NA PPO will use those
obtai ned in equation (16).

Costing the Force Structure

The procedures outlined previously produce a forecast of the force structure matrix
I or the end of each quarter ( 3 1 December , 31 March , 30 June , and 30 September) during
the forecast year. In addition , the beginning matrix (30 September) is available in the
for m of known (i.e., histori cal) data.

The following costing pr cedures are observed. If the pay scale is constant for the
year , the five matrices or inventories can be averaged and a pay scale such as that in
Table 2 applied to the average force to produce a forecast of annual basic pay costs. If
the pay scale changes during i fiscal year , some provision must be made for costing part
of the average strength with one pay scale and for costing its complement with another.
Since no data are available t~ forecast population changes within a quarter , it is assumed
tha t intraquarter changes oc ur uniformly throug hout the quarter. Also , if the pay scale
is in effect for a f ull quarter , the average strength for that quarter is defined by the
average of the begin and end quarter matrices, and the cost is derived by applying the
constant pay rates to the quarterly average. Finally, if the pay scale changes during the

l4 
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quarter , then ( 1)  the force structu re at the poin t of change is appro x ima ted by linear
interpo Lat ion between the begin and end quarter matrices, (2) the popu lations for the start
and end of each pay scale are aver aged to obtain the avera ge fo rce to which the releva nt
pay scale is app lied , and (3) a corre sponding daily pay scale is applied to the aver age
force. The re sults then are mult iplied by the number of days for which the pay scale is
applicable. The results for all quarters--whether single or dual pay scales--are summed
over the fiscal yea r to produce an est imate of annual basic pay.

Th is me thod is followed fo r any fisca l year to be predicted. It require s only the end
strength pay grade totals for each year to be forecasted. The user may supply quarterl y
pay grade totals as desired.

15
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RESULTS

Histortcal Validat ion of the NAPPO Model

One problem in obtaining a complete validation of NAPPO lies in the fact  tha t the
authorized end strengths are seldom achieved exactly.  Consequently, althoug h some
discrepancy may exist between the actual and the forecasted force structures , it  would
not s i g n i f i c a n t l y  a f f ec t  the val idat ion results.

To demonstrate NAPPO ’s accuracy, the model was used to forecast historical force
structures  and their  respective costs for the fiscal years 1974-1978. NAPPO was allowed
to use historical  data up to 1 , 2 , and 3 years preceding the year to be predicted. All pay
grade totals used were actual  quar ter ly  totals as opposed to authorized end strength
totals , which may or may not have been achieved. It should be noted that , althoug h the
forecast for any given cell in the force structure m a t r i x  could be erroneous , the total cost
m a y  be accurate due to o f f s e t t i n g  errors in other cells.

Therefore , an addit ional  validation cri ter ion was established to test for systematic
bias in the forecasting p; ocess. This involved comparing the forecasted and actual
longevity dis t r ibut ion s, wi th  the criterion being average length of service. Table 5
sum m ariz es  these results , given the three d i f fe ren t  lead times. As shown , there appears
to be no evidence of consistent under- or overestimation of mean LOS, althoug h , in
general , the forecasts are less accurate as lead t ime increases.

The his tor ical  val idation for  basic pay involved the comparison of the costs of the
projected and the actual force structures. The absolute values of the percentage
differences between the two also are included in Table 5, which demonstrates NAPPO’s
accuracy for forecasts made 1, 2 , and 3 years in advance of the projected period. Overall ,
the average absolute 1-year lead time fiscal year percent error in cost prediction in Table
5 is .21 percent , wi th  a standard deviation of .68 percent. Similar figures for the 2-year
and 3-year lead t ime forecasts are .64 ( 1 . 5 5 )  and 1.06 (1.96) respectively. In forecasting
mean LOS, the average fiscal year absolute error for the 1-, 2-, and 3-year lead times are
.09 , .25 , and .45 years respectively. Once again , for both cost and mean LOS forecasts ,
accuracy generally diminishes wi th  an increase in lead time.

NAPPO vs. Current Procedures

One m eans of measuring the usefulness of NAPPO is to compare the NAPPO
forecasts wi th  those in the annual bud get submissions. Each year the bud get submission
gives 1- and 2-year forecasts for all of the Mil i tary Personnel , Navy budget activities ,
including of f icer  pays and allowances.

Figure 1 depicts the percentage differences of the NAPPO and bud get submission 2-
year forecasts from the actual obligations incurred. In all cases NAPPO was more
accurate , wi th  an average absolute error of .64 percent , as compared to 4.00 percent for
the bud get submissions. The 1-year forecast errors for the same years were .18 percent
for NAPPO and 1.40 percent for the submissions. When the data for FY71 and FY72 (the
poor forecasting years for the submissions) are excluded , NAPPO is s t i l l , on the average ,
3-1/2 times more accurate than the submission in 2-year forecasts of officer basic pay
(.53% vs. 1.96%). In FY78 dollars , the average errors represent differences of $5.8 mill ion
and $21.6 mill ion respectively.

.
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The IrT~p~~wtMtation of NAt P0

NAI-’F’O is  currently operating in a demand mode on a UNIVAC I 11 0 Computer located
at the Naval Ocean Systems Center , San F)iego. Current ly, plans call for NAPPO to be
inc luded, along wi th  NAP P E , in a com prehensive budget forecasting model. This model 

- 
-

wi ll provide forecasts for all budget a (t iv it ies  of the Military Personnel, Navy account ,
including Items such as enlisted and oflicer basic pay, enlisted and off icer allowances ,
subsistence , and permanent change of s tat io mi pay. A future report will document the all—
MPN model , part icularly the techniques used to forecast the budget ite m s other t han
basic pay.

a stand-alone model , NAPPO is useful not only for forecasting basic pay but also f” 1
for monitoring the age of the force through the mean LO’ forecasts. Thus, Navy
mnanagenient can be kept aware of upward or downward trends Ill the experience of the C

force. Also , for general use, NAPF’O subroutines allow the user to forecast LO’~ t ran s i t ion
rates , to update the historical data base, and to validate the model w i th  respect to data
ranging back to 1963. Stil l other routines permit the examination of historical transition
rates or the force structure matr ices themselves.

I
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CONCLUSIONS

1. Suff icient data are available to allow t ime series analysis techniques to be
applied toward the development of a m odel to forecast the officer force structure and,
thus, basic pay obligations.

2. A particular set of time series models exists that adequatel y explains a great
majority of the data. This Set of models provides a solid statist ical basis for making forc e
structure forecasts.

3. Comparisons show that the NAPPO model is m ore accurate t han the current
procedures used to forecast off icer basic pay.

RECOMMENDATION

It is recommended t hat the model be used by Navy management to provide f uture basic
pay and mean LOS estimates.
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