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FORE WORD

The effort described in this report supports the development of manage-
ment decision models, an exploratory development objective under Task Area
ZF55.52l.OlO. The overall objective of this task area is to develop
techniques to improve the Navy’s managerial decision—making capabilities.
The main effort in FY77 is directed toward solving two problems. The first
concerns the flow of recruits through the lower three pay grades (E—l
through E—3) into the petty officer pay grades (E—4 through E—9). The
objective is to assure sufficient input to the petty officer force structure
so as to minimize future personnel shortages and surpluses. The second
problem is the forecasting of the Navy’s military manpower budget to avoid
cost overruns and personnel turbulence. This problem has been addressed
by developing the Naval Personnel Pay Predictor, Enlisted (NAPPE) model,
which is currently being used by the Bureau of Naval Personnel to forecast
enlisted basic pay and to distribute the enlisted force over 31 length—of-
service categories.

Acknowledgments are due to Joe Silverman, Dr. Kenneth Leland, and
Melvyn Moy of the Navy Personnel Research and Development Center, San Diego;
Duane Kirkl and of IBM, Rochester, Minnesota; and the staff of the Active
Enlisted Plans Division in the Bureau of Naval Personnel, Washington, D.C.
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SUMMARY

Problem

Navy planning and pol icy dec isions are marked by complex proble ms and
multiple, conflicting objectives. One such problem is that of forecasting
the Navy ’s military manpower budget to avoid cost overruns and personnel
turbulence. In particular, cost overruns can occur due to inaccurate
estimates of either the personnel force structure (personnel arrayed by
length—of—service (LOS) and pay grade) or the various pay rates. To control
for 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.

Oblective

The objective of this effort was to provide a detailed description of the
analysis and procedures used to formulate a model for forecasting Navy enlisted
force structures and basic pay obligations. The model, which Is being used
to monitor the age characteristics of the force and its costs in basic pay, is
for mally known as the Naval Per sonnel Pay Pred ictor , Enlisted (NAPPE).

Approach

NAPPE rel ies upon his tor ical USN, USNR, and All Navy (ALNAV ) quarterly
force structure files dating back to 1957. 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 distribution. Additional statistical
procedures were developed 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 of service, (3) costing the force structure,
(4) estimating average strength, and (5) validating the model.

Findings

The statistical techniques employed in NAPPE proved to be highly reliable
in producing estimates of enlisted basic pay. Validation results indicated
forecasting errors of less than .2 percent for FY75 , FY76 , the quarter
ending in September 1976, and the first 3 quarters of FY77. NAPPE’s predic-
tions for mean LOS of the force also indicated a high degree of accuracy.
Generally, though , the accuracy of the forecasts diminished as the forecast
lead time increased.

Conclusions

1. Sufficient data are available to allow time series analysis techniques
to be applied toward the development of a model to forecast the enlisted force
structure, and hence, basic pay obligations.
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— 2. A particular set of time series models exists that a*~squately explains
a great majority of the data. This set of models provides a solid statistical
basis for making force structure forecasts.

3. The NAPPE model can be utilized by Navy manag~ iaent to provide future
basic pay and mean LOS estimates.

Recommendations

1. Future work on NAPPE should concentrate on developing an interactive
computer program, making it more responsive to user needs.

2. NAPPE should be expanded to include forecasts of other enlisted
budgetary components, such as basic allowance for quarter s, proficiency pay ,
clothing allowances, etc.

3. The Navy should develop a Naval Pay Pred ictor , Officer (N APPO) model
to forecast officer basic pay and , eventually, other officer costs.
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INTRODUCTION

Problem

The Navy ’s ability to meet its manpower requirements in terms of both
quantity and quality of personnel, a primary concern of Navy management, is
restricted by the size of the personnel budget. Recruitment, promotion,
retirement, and other managerial policies are all directly or indirectly
related to the amount of dollars available in the Military Personnel, Navy
(MPN) budget, over half of which is allocated for basic pay of enlisted
personnel. In fiscal year 1976, $2,942 ,985,000 of obligations were incurred
for this one item. Thus, even a 1 percent discrepancy in forecasting the
enlisted basic pay component may result in an over— or underexpenditure of
$30 million, an amount that could wreak havoc with the Navy’s personnel
policies. Because the amount of basic pay is directly proportional to the
enlisted force structure (i.e., the number of personnel tabulated by pay grade
and length of service), the force structure ’s configuration must be forecasted
as accurately as possible in order to closely predict future basic pay . A
previous report (Chipman & Wilson, Note 1) describes the current ability of
Navy management to project the cost of enlisted basic pay and the other 10
categories of Budget Activity Two.

Background

The enlisted force structure is characterized by 9 pay grades and 31
length—of—service (LOS) categories. A representative force structure matrix
is depicted in Figure 1. The 7ay grades are composed of the nonrated force
(E—l through E—3) and the six petty officer ratings (E—4 through E—9). The
LOS category refers to the number of years in service, with cell 31 including
all personnel with more than 30 years of service. Cells 1 through 4 generally
contain first-term personnel, and cells 5 through 31, personnel who are often
referred to as careerists.

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 fluctuates over -time, the projected population for a certain
period of time is obtained by finding the average of the numbers 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 62 pay categories and a set of representative rates are depicted in Figure
2. It is interesting to note that, for pay grades E—1 and E.-2, cumulative
years of service have no effect upon the pay scale. Thus, E—l itself is one
pay category, as is E—2. The primary task, then, in forecasting the enlisted
basic pay entails the forecasting of the force structure.

To allow Navy managers to improve their pred ictions, the Naval Personnel
Pay Predictor , Enlisted (NAPPE) model was designed by the Navy Personnel
Research and Development Center for use in forecasting the enlisted force
structure and the corresponding budget required to maintain various levels of
future authorized strength.
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The NAPPE model employs several sources of information. First, three
separate quarterly farce structure files dating back to 1957 are maintained .
The three files contain USN, USNR , and total f orce (ALNAV ) data, the latter
being the sum of the other two files. Thus, snapshots of those forces over
time exist to which time series analysis can be applied. Also used by
NAPPE for validation and forecasting purposes are (1) the pay tables (e.g.,
Figure 2) that have been in effect since 1957, (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.

Objective

The objective of this report was to provide a detailed description of the
analysis and procedures used to formulate the NAPPE model.
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~~~~~



APPROACH

The basic approach taken by NAPPE is an aggregative one. Although the
use of the historical quarterly inventories allows ready observation of
personnel flows, making direct predictions for each pay grade by LOS cell
would require additional knowledge relating to such policy variables as
promotions, demotions, and occupational skills. This information, in turn ,
would not only lead to the expansion of the data base but also to a more
deterministic model. Instead, NAPPE relies solely upon historical data
to project the future. It forecasts the LOS marginal distribution 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 sections describe in detail the methods employed
to forecast future inventories.

Forecasting the LOS Distribution

Examination of the quarterly force structure tables suggests two alternative
approaches for predicting LOS cells 2 through 31. (Cell 1 is a special
case and will be discussed later.) The first involves the use of the actual
cell populations, denoted (t) (i.e., the population with longevity j at time
t, with t being measured in quarters). As will be demonstrated shortly, a fore—
cast for LOS cell j at time t, F~ (t)~ is calculated utilizing actual and/or
previous forecasts for the quarters through time t—l . That is,

F~(t) = 

~j(t 1) 
(1)

The second approach consists of using a set of transformed variables that
measure the transitivity of the force. They are defined as net loss rates
(r) and are given by

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

for j = 2,3,...,30. (The loss rate for cell 31 is also a special case and
is discussed in a later section.) Thus, (l—r . (t)), or C~ (t)~ is the continuance

or transition rate; namely, the proportion of personnel in LOS cell j at time t
that “move” to cell j + 1 at time t + in. Since length—of—service Is measured
in years, rn is set equal to 4 in NAPPE, thus providing yearly transition rates.
A forecast for LOS cell j + 1 at time t is then computed as

F~~1(t) 
= C~ (t_4)P~ (t_4) (3)

where C~ (t_4) is the predicted rate of flow from P~ (t_4) to Pj+1(t). Because

P~ (t_4) is known, this method requires only the forecasting of the continuance

rates.

Given the two data sources available in the tJSN, USNR, and ALNAV f iles,
there are four straightforward ways of forecasting the PILNAV population of
LOS cell j + 1 at time t using the two approaches outlined above. They can
be written as

5
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F~~1
(t) P~1(t_4)C~1(t_4) +

F~~1
(t) — P~3(t—4)C~3(t—4)~

F~~1
(t) = P~~1,1(t—l) + P~~1,2(t—1). 

(4)

or

F~~1
(t) — P~~13 (t—l)~

where Pjk(t) designates the actual number of personnel in cell j  at time t
for data set k 1,2,3, indicating USN, USNR I and ALNAV, respectively. 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 and USNR predictions to give an ALNAV forecast.

Time series analysis techniques (ef. Box & Jenkins, 1970; Brown , 1963)
were applied to the three data sets to forec~~ t the continuance rates. For
each of the 90 time series (30 different loss rates for each of the three
data files), each consisting of 72 data points, the rates were plotted , along
with their autocorrelatiori 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 distinguished from white noise. This pro-
cedure was used in an attempt to identify 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 com-
puter time.

Table 1 presents the ser ies’ seasonality factors and suggests an appropriate
time series model 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 ~ autoregressive and moving average para-
meters. Thus, an entry in the table such as “(1,1,0) x 4’ implies that a (1,1,0)
model be f itted to the series created by taking Z~ — Z~_4 for t > 5, where is

the ~~~ observation in the series. This step eliminates a seasonality factor
of period 4.
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The undifferenced data in all of the USN and ALNAV series and in some
of the USNR series indicated nonstationary behavior. A large number 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) co ent: “.

although the general level about which fluctuations are occurring may be dif-
ferent 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,

Zt (a) — aZ~~1 + (l_ a)~~_i
(a) , for 0 < a < 1 (5)

which shows that each new level of the process (the forecast), Z
~
(a), is

arrived at by interpolating between the new observation, Z~_1, and the pre—

vious level, Zt 1 (a). With a at its upper limit of 1, the level of the

process is simply the latest observation, with all previous history ignored.
With a small (closer to 0), the previous level is given more weight than the
latest observation. The smaller a is , the longer the time period required
by the model to recognize a change in “levels” of the data.

Thirty—two of the time series seem to be modelled well by single exponential
smoothing. First, 25 of the series were reduced to white noise af ter f irst
differencing, implying a (0,1,0) model (i.e., Z~ — Z~~1 

+ at where a
~ 

is the

noise component and is the tth observation of the series). But this is

simply equation (5) with cc equal to 1. As shown in Table 1, these series
were USNR cells 2, 6, 25; USN cells 7, 8, 15, 16, 18—20, 22 , 24 , 25, 27; and
ALNAV cells 2, 14, 15, 16, 18, 19, 22 , 24 , 25 , 27 , 28. It was indicated
that another seven series (USNR cells 4, 29; USN cell 6; and ALNAV cells 6,
7, 8, 20) could be f itted by a (0,1,1) ARIMA process (i.e., Z~ — Z~~1 

+ a
~ 

—

where 0 — 1—a). However, since this is the inverted form of equation

(5) (see Box & Jenkins, pp. 105—106), these series can also be forecasted
using the single exponential smoothing model. Note that double and triple
exponential smoothing are not applicable here because no evidence exists of
any linear or quadratic trends in the data.

Another 36 series, which required first differencing to achieve stationarity,
contained evidence of a seasonality factor. A significant autocorrelation at
lag 2 was noticed in 12 of these series (USNR cells 1, 3; USN cells 1, 3, 4, 5,
28, 29; and ALNAV cells 3, 4, 5, 29). Here, a significant autocorrelation at
lag n means that pairs of observations separated by n time periods are sig-
nificantly correlated. Twenty—one series possessed an indication of a cycle
of length 4 (USNR 21, 30; USN 9—14, 17, 21, 23, 30; and ALNAV 1, 9—13, 17, 21, 30).

Finally, a significant autocorrelation at lag 3 was noted for three series
(USN and ALNAV cell 26, USNR cell 20). The autocorrelationa at lag 2 and lag
4 are most likely explained by the Navy’s recruiting policies, which contain
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an annual (or semiannual) pattern, but no explanation can be made for the
autocorrelations at lag 3. Although the first differences of 33 of these
36 series (“a” in Table 1) cannot be distinguished from white noise (and
hence a (0,1,0) model possibly would be appropriate), it was felt that all
of the information in these series was not being utilized . Further research ,
including model fitting and diagnostic checking, verified this hypothesis ,
Thus, two seasonal models based on first differences, one accounting for
period 2 and one for period 4, were included in the set of models to be used
for the loss rate time series. The model for period 2 is written
Z~ = Z~~1 + Z~~2 — Z~~3 + a~ ; and that for period 4, Z~ = Z~~1 

+ — Z~~5 + at.

Because the single exponential smoothing model and the two seasonal models
adequately explain 9 of the USNR series, 28 of the IJSN series, and 28 of the
ALNAV series, no further models for the loss rates were instituted in NAPPE.
The remaining 25 series (21 of them being USNR) not covered by these models
are explained by an assortment of various models, including the (0,0,1), (1,0,0),
(2 ,0,0), (1,0,1), (0,0,2), and (1,1,0) ARIMA processes. Since each of these
models requires the estimation of at least one parameter , increased forecasting
accuracy was sacrificed in the interest of using less computer time. It should
be noted that the a parameter in the exponential smoothing model is estimated
by choosing that cc from the set (0, .05, .lO , ..., . 95, 1.0) that minimizes
historical error. In effect, then, 21 exponential smoothing models (for 21 cc ’s)
and 2 seasonal models (requiring no parameter estimation) are fitted to 

~jJ~ 
90

time series and the model that best explains the past is chosen to forecast
future transition rates.

Similar procedures were used to produce a set of models that would fit
most of the actual population data. Table 2 summarizes the analysis for the
90 time series covering LOS cells 2—31. (Cell 1 is a special case and will
be discussed later.) Of special interest is the indication that 55 of the
60 IJSN and ALNAV series possess a seasonality factor of 4; and that all but
2 of these series (USN and ALNAV cell 31) are reduced to white noise by a
(0 ,2,0) x 4 model. This model is written Z~ = 2Z~_1 — Z~_2 + — 2Z

~~5 
+ Z~_6,

so that the six latest data points are required to make a new forecast. Another
model that was chosen for the actual population data is the (0,1,0) x 4 , which
has previously been described . Also, the single exponential smoothing model is
included because 9 of the IJSNR series could be fitted well by either a (0,1,0) or
(0,1,1) model.

No other models were selected , primarily because most of the series were
covered by the models already chosen. Also, other models that might have been
included , such as a (2,0,0) ARIMA process, require far too much parameter esti-
mation (with values ranging from —l to 1) to make them worth the effort.
Finally, it was hypothesized that NAPPE would consistently be using the fore-
casts provided by the continuance rates time series because of their relative
stability as compared to the actual population series. The latter , as expected ,
contained much more variability because of the rise and decline in force size
during the l960s. The hypothesis was later verified dur ing the execution of
the model.
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USN, USNR , and ALNAV forecasts for a particular quarter are provided
for each LOS cell using continuance rates and actual population data.
These individual forecasts are produced by the model that minimizes his-
torical error. These six forecasts for each cell (two forecasts for a
particular LOS cell in each of three data sets) are used to produce the
four ALNAV forecasts seen in equation (4), where the IJSN and USNR forecasts
are combined.

Examination of the forecasts F1 through F4 in equation (4) showed that,
first, when an influx of USNR personnel with prior service occurs, some ALNAV
loss rates may be negative. In those cases, F

1
, which is based on the

sum of the individual predictions of USN and USNR, is more accurate than the

direct ALNAV forecast, F
2. Also, as was mentioned earlier, the forecasts

based on continuance rates (F1, F2) yielded less historical error than those
based on actual population data (F3, F4). Consequently, in some cases, the
latter forecasts could be used to “damp” the continuance rate forecasts. Such
instances would be characterized by conditions in which the continuance rate
varies inversely with the source population. Thus, a fifth prediction was
made by taking a weighted sum of the first four:

F~~1(t) B[F~~1
(t) + F~~1(t)]/2 + (1—8) [F~~1(t) + F~~1

(t))/2 , (6)

0 < 8 < 1. Here 8 is some weight that produces a minimum sum of squared error.
Finally , the forecast for a particular cell is the one chosen from

(F 1, F2, F3, F4, F5) which has been the best estimator of the past, with “best”
implying the forecast that minimizes historical error. As will be seen, this
“final” forecast will most likely be modified .

Special Considerations for Cells 31 and l

As noted earlier, LOS cell 31 contains all personnel with more than 30
years of service. Because the continuance rate as previously defined only
explains the movement of personnel from cell 30 to cell 31, a special rate was
defined that would encompass the movement of personnel from cell 30 as well as
the continuance of those personnel already in cell 31. It is written

r31(t) = [(P
30

(t) + P
31(t)) 

— P31
(t+4)] / (P

30
(t) = P

31(t)). (7)

(Compare with (2).) The time series composed of these rates was analyzed in
the same fashion of those for r2(t) through r30(t).

Cell 1 is also a special case; that is, no continuance rate can be defined
for it because of the lack of a source population with military service less
than 0 years. Also, due to the fluctuating input of recruits (determined
largely by personnel policies), the high degree of instability of populations
in cell 1 make it undesirable to smooth the historical populations in that
cell. Yet, one ready—made forecast is available from the realization that the
sum of the forecasts for cells 1 through 31 must equal the total force size.

-1
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Thus, we have the “residual forecast :”

P1
(t) — F( t) — r P~(t)~ (8)

j—2

where P1 is the ALNAV forecast f or cell 1, F is the total force, and P is the
best forecast selected from {F , F , F , F , F } for LOS cell j. However,
this forecast for cell 1 may be abnormally small, large , or even negative due
to large changes in the total force size and the relative stability of fore-

casts P2 through P31. Therefore, the following analysis was performed to

obtain more realistic forecasts for all the P
js

First, proportions were computed that relate the size of cell one to the
total force size over the historical data base. Symbolically, these ratios,
denoted R1, are determined by

R1 
— P

1
(i)/F( i) , for i — 1, ..., 76 (9)

where I represents 76 quar ters of history and P1(i) and F(i) are the cell 1
and total force populations for quarter i. Because the primary matter of
concern is forecasting, the percent changes of these ratios over time,
Rj+i/R i, were examined. This series of 75 percentage changes indicates

how the size of cell 1 relative to the total force changes over time. The
mean of this series is 1.007, with a standard deviation of .08. Based on
this inf ormation and on the assumption that the percentage changes possess a
normal distribution (there is no evidence to the contrary), the following
statement can be made:

Pr{O.85*R
i 

< R~41 
< l.l6*R1

} .95. (10)

In other words, the probability is approximately 95 percent that the ratio
of cell 1 to the total force in quarter i + 1 is between 0.85 and 1.16 times
the ratio in quarter i. Because the total force size for any projected quarter
is known (based on authorized end strength), this method allows upper and lower
bounds to be placed on the size of cell 1.

Another estimate for the actual size of cell 1 may be seen in the fact that
the percentage changes Rj+1/Rj possess a correlation of .82 at lag 1. This

Implies that, even though the ratio of cell 1 to the total force may fluctuate
over time, it is fairly stable over a short period. Thus, the actual population
for cell 1 may be estimated by applying the previous quarter’s ratio to the
known total force size for the quarter being forecasted. In NAPPE, only the
last historical quar ter ’s ratio is used in forecasting all future quarters;
significant error would be introduced if forecasted ratios were used instead.
This method has worked out well, although diff iculties may ar ise if the last
quar ter ’s ratio happens to be a turning point (up or down) in the series of
cell 1 ratios.

12
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The final formula for computing the cell 1 population for any future

quarter t uses the residual forecast P
1 for that quarter as well as the

above procedures:

P~ (t) max {O.85*R
i
*F(t), mm ( ~‘1(t) +(Ri*F(t)) 1.l6*R~*F(t)) ) (11)

where the first term in the brackets is the lower bound on the size of cell 1;
the second , the average of the residual forecast and the “last ratio” forecast;
and the third , the upper bound on the size of cell 1. Here the subscript i
refers to the last known quarter of historical data.

However, it is quite likely that the adjusted cell 1 forecast, Pt(t),

is different from P
1

(t), the residual forecast. Thus, the discrepancy,

P1(t) 
— Pt(t), must be distributed over each of the remaining cells.

The procedure used ensures that the cells that have been predicted with
a high degree of accuracy are altered only slightly. It distributes the
discrepancy according to the amount of the prediction error in a cell
relative to the total prediction error over all other cells:

31
Pj(t) = P~~(t) + (P1

(t) — Pt(t))*(Ej
(t)P

j
(t)/

~ 
E~ (t)P~(t))~ (12)

j =2

j 2,3,...,31, where the error is calculated as

t—l A

E (t) = ~~ JP~3
(i) — P (i)J /P13(i) (13)

i=5 -~ -‘

for cell j. Recall that P~3
(i) denotes the actual ALNAV population for cell j

in quarter i. Also note that four quarters are required to initiate the fore-
casting process (for computation of continuance rates); hence, the l ower range
in the summation.

Having executed the above procedure, NAPPE now has the LOS marginal distri-

bution (Pr , P~, P~, . . . ,  P~1
) of the force structure matrix. The vector is

complete and sums to the total authorized strength. The pay grade vector is
either supplied by the user or interpolated by NAPPE (discussed in a later
section). Thus, the problem now is to calculate the interior entries in the
force structure matrix. Once this has been accomplished , multiquarter fore—
casts are obtained by contatenating the predicted quarter with the historical
data base and employing the optimal time series models that were chosen for
the first prediction.

Constructing the Force Structure Matrix

Given the two marginal distributions of the force structure matrix, NAPPE
follows Mosteller ’s (1968) procedure for deriving the interior. This intera—
tive procedure involves the renormalization of the rows and columas of a
standard matrix to obtain the given margmnals, while maintaining the relative

13
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“associations” among the entries of the standard matrix. Although the final
distribution is affected more by the configuration of the standard matrix
than by its particular entries, analysis performed by Wicker (Note 2) showed
that some improvement could be gained by using a weighted average (vice a
atraightline average) of historical force structures. Thus, NAPPE calcula tes
the standard matrix S~~, i — l,2 ...,31, j — l,2,...9, from

S~~ — .3ll92A~ + .04583A~~ + .64225A~~~ (14)

where 4 is the present yearly average inventory matrix, 4 is the yearly
j 3 j

average 1 year in the past, and A1~ is the yearly average 2 years in the past.

Suppose now that the LOS and pay grade marginals are denoted by L
i and

respectively, where i — l,2,...,31, and j — 1,2,...,9. With these and

the standard matrix (14) being given, Mosteller ’s procedure involves the fol-
lowing steps:

1. Let n — l u -

2. Let S~~
’ — (L

i/1S~j
)S
~j 

for all 
~~

u-

3. Let S~~
2 

~~~~~~~~~~~~~ for all j.

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

This process allows estimates of a force structure matrix to be made for
specific points in time. To predict basic pay costs for a fiscal year, some
estimate of the configuration of that matrix throughout the year is necessary.

Estimating Average Strength 
-

Given an actual inventory at some quarterly interval and a forecast in—
ventory representing a period four quarters later, an estimate of average
strength can be computed; that is,

— (Si~ 
+ S~~)/2~ (15)

where and represent the actual and forecasted strength matrix entries,

respectively. Clearly, the average force derived in this manner assumes
that changes in a force configuration over four quarters occur in a constant

relation to time. Thus, if the difference between and ~ZSI4 were 100,ii J ii
an average matrix would reflect a monthly change of 8.33 or a quarterly change
of 25, etc.
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However , straightline methods are inadequate because changes do not
occur uniformly throughout the year. Unfortunately, the only practical
alternatives in terms of available data are average strength computations

based on quarterly increments. Thus, given S~1 
for t = December 1975, a

forecast of S~~ is made for t = December 1976. Similarly, four—quarter

forecasts are made June to June, September to September , and March to March.
So, by forming force structure matrices for each quarterly prediction and by
combining those four forecasts with the most recent actual matrix, a rel-
atively good estimate of a yearly average strength can be computed by a
five—point average:

= (S
1 + S~ . + + 5i + S )/5. (16)I it0 Jt l it 2 it3 it4

Up to this point , estimates of future pay grade distributions were assumed
to be an exogenous Input accessible to the users of the model. However, the
estimation of the nine cells of the pay grade marginal distribution is no
trivial task.

While the end—year pay grade structure is roughly established by the
budget (authorized end strength), the quarterly pay grade distributions are
largely a function of management actions taken throughout the fiscal year.
If pay grade totals for September, December, March, and June are input by the
user, the model will form complete force structure matrices based on those
given pay grade marginals and the forecasted longevity marginals. This input
will be based on official plans that reflect management intentions. Specif 1—
cally , the pay grade populations for the six petty officer grades (E—4 through
E—9) mainly reflect the planned phasing of petty officer promotions during the
subject year, while the three lowest grades reflect the planned phasing of
recruit and reserve input as modified by attrition and differential rates of
promotion from E—1 to E—2 and E—2 to E—3.

If , instead, the pay grade totals for the three quarters interior to the
fiscal year (the beginning total is known and the ending total is always input
as a matter of strength/budget policy) are to he forecasted by NAPPE, the

following procedures are used : Let Ft ~ 
and F

t~~ ~ 
be 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 — (F +F ) /7
t+2,i t,i t+4,i — ,

F
t+l i 

— ~~~~~~ + F
~+2i

)/2 , (17)

and

F 
~~~ 

- 
~ +2 i 

+ F +4

_ _ _ _ _  - 

t , t , 

~~~~~~~~~~~~~~
_
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_
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_
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These simple linear interpolations could be altered by increasing or decreas—
lag them from the straightline results by reference to an average of historical
seasonal patterns of pay grade population movement. However, analysis revealed
wide variability in the quarterly deviations from straightline averages from
year to year. Thus, the decision was made to allow the user to implement any
seasonal pattern he feels is appropriate by directly inputting the quarterly
future pay grade totals. Otherwise, NAPPE will use those obtained in equa-
tion (17).

Costing the Force Structure

The procedures outlined previously produce a forecast of the force struc-
ture matrix for the end of each quarter (30 September, 31 December, 31 March,
and 30 June) during the forecast year. In addition, the beginning matrix
(30 June) is available in the form of known (i.e., historical) data.

The following costing procedures 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 Figure 2 applied to the average force to produce
a forecast of annual basic pay costs. if the pay scale changes during a
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 to forecast population changes within a quarter,
it is assumed that intraquarter changes occur uniformly throughout the quarter.
Also , if the pay scale is in effect for a full 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 quarter, then
(1) the force structure at the point of change is approximated by linear inter—
polation between the begin and end quarter matrices, (2) the populations for
the start and end of each pay scale are averaged to obtain the average force
to which the relevant pay scale is applied, and (3) a corresponding daily pay
scale is applied to the average force. The results then are multiplied 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
year to produce an estimate of annual basic pay.

This method is followed for any fiscal year to be predicted . It requires
only the end strength pay grade totals for each year to be forecasted . The
user may supply quar terly pay grade totals as desired.

16
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RESULTS

Historical Validation of the NAPPE Model

One problem In obtaining a complete validation of NAPPE lies in the fact
that the authorized end strengths are seldom achieved exactly. Consequently,
although some discrepancy may exist between the actual and the forecasted
force structures, it would not significantly affect the validation results.

To demonstrate NAPPE’s accuracy, the model was used to forecast historical
force structures and their respective costs for the fiscal years 1965—1976.
NAPPE 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 quarterly
totals as opposed to authorized end strength totals, which may or may not
have been achieved . It should be noted that, although the forecast for any
given cell in the force structure matrix could be erroneous, the total cost
may be accurate due to offsetting errors in other cells.

Therefore, an additional validation criterion was established to test f or
systematic bias in the forecasting process. This involved comparing the
forecasted and actual longevity distributions, with the criterion being
average length of service. Table 3 summarIzes these results, given the three
different lead times. As shown, there appears to be no evidence of consis—
tent under— or overestimation of mean LOS, although, in general, the fore— 

- -
~

casts are less accurate as lead time increases.

The historical validation for basic pay involved the comparison of the
costs of the projected force structure and the actual force structure. The
absolute values of the percentage differences between the two also are in-
cluded in Table 3, which demonstrates NAPPE’s accuracy for forecasts made
1, 2, and 3 years in advance of the projected period . Obviously, the Viet
Nan years were most difficult to forecast as the size and composition of
the enlisted force fluctuated greatly. However, the pay predictions for
the later years are very close to the actual costs, with the last eight
quarters in the table being predicted within .2 percent for all three lead
times. Overall, the average 1—year lead time percent error in cost prediction
in Table 3 is .24 percent, with a standard deviation of .26 percent. Similar
figures for the 2—year and 3—year lead time forecasts are .76 (.78) and 1.30
(1.06), respectively. Once again, accuracy generally diminishes with an
increase in lead time.

The Implementation of NAPPE

NAPPE is currently operating in a demand mode on a UNIVAC 1110 computer
located at the Naval Ocean Systems Center, San Diego and in a batch mode on
an IBM 360 at the Bur eau of Naval Personnel (BUPERS) , Washington, D.C. In
the later instance, NAPPE is used primarily in two ways.

17
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First, during the budget (Program Objectives Memoranda (PON)) cycle, the
number of personnel in the 31 longevity categories is forecasted up to 7 years
in the future, based on manpower requirements (authorized end strengths) spe-
cified by the user. Other cost models at BUPERS are then used to compute tuture
basic pay. These results are turned over to the Navy Manpower Planning System,
which revises its accession plans if the forecasted budget constraints are
not met. This cycle is repeated until the manpower requirements are satisfied
by the personnel allocation within the revised budget constraints.

Second, NAPPE’s computation of the mean length—of—service allows BUPERS
to monitor the age of the force. Thus, Navy management can be kept aware of
upward or downward trends in experience of the force. Also, NAPPE is used to
check other personnel models, such as the Force Structure Simulation Model
(Imown as the FAST model) (Boiler, Note 3), that do not possess quarterly
forecast capabilities.

For general use, NAPPE subroutines allow the user to forecast LOS transi-
tion rates, to update the historical data base, and to validate the model with
respect to data ranging back to 1957. Still other routines permit the examina-
tion of historical transition rates or the force structure matrices themselves.

_ _  _ _
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CONCLUSIONS

1. Sufficient data are available to allow time series analysis techniques
to be applied toward the development of a model to forecast the enlisted force
structure and, thus, basic pay obligations.

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

3. The model can be utilized by Navy management to provide future basic
pay and mean LOS estimates
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RECOMMENDATIONS

Additional work to be performed on the NAPPE model itself should concen-
trate more on the computer program than on the theoretical foundation ; mans
of the techniques already used in the model were found to be quite accurate
and reliable . Hence , any additional improvements in NAPPE ’s accuracy are
likely to come in very small increments , at high costs , and with great effort.
For the moment, then, attention should be given to making NAPPE more responsive
to user needs. This effort should include the designing of an interactive
NAPPE so that Navy personnel managers will be able to quickly investigate
alternative force configurations and their respective costs.

Second, NAPPE should be expanded to include forecasts of other enlisted
budgetary components. For example, in forecasting the obligations required
f or the basic allowance for quarters (BAQ) category, a force structure matrix
indicating the dependency status of personnel may be generated and tied in—
to the various BAQ pay rates. The same general principle could be followed
for other categories, such as family separation allowances, subsistence in
kind, clothing allowances, proficiency pay, separation payments, etc. In
general, any cost variable that can be related to average strength in the form
of a pay grade by LOS matrix (or some subset thereof) may be forecast using
the techniques described in this report.

Finally, the Navy should develop a Naval Pay Predictor Officer (NAPPO)
Model to forecast officer basic pay. (Preliminary efforts toward this are
now in progress.) Hopefully, the characteristics of the officer force struc—
tures will be akin to those of the enlisted force, differing perhaps only in
degree. In any event, once NAPPO has been developed and proven reliable, it
can be extended to cover other officer costs besides basic pay.
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