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Forecasting Future Accessions
and Losses from the
Delayed Entry Program

by
Paul R. Milch
and
Lyn R. Whitaker

1. Introduction

The Delayed Entry Program (DEP) has been the chief vehicle for bringing
new recruits into the U.S. Army for more than a decade. As currently operated
the DEP signs contracts with potential new recruits to enter the Army within a
fixed period of time (one to twelve months) which may differ depending on the
characteristics of fhe potential recruit. Namely, individuals are categorized into
twenty-two different “mission boxes” by gender, education, mental ability and
prior years of service. Appendix A gives the list of these mission boxes with brief
explanation of the codes used.

In each of these twenty-two mission boxes the Army has specific mission
requirements for every fiscal year. Although the enlistment contract signed by
entrants to the DEP are legally binding obligations, USAREC allows individuals

to break their contract and become losses from the DEP. Due to the



unpredictability of individuals’ contract behavior, USAREC has often had

difficulty meeting its mission requirements in any given mission box category.

2. Objective

Based on the results of earlier analyses by Vales [2], the objective of this
project was to discover if future number of accessions and losses from the DEP
could be predicted for each mission box with reasonable accuracy knowing the
current duration of time in the DEP of each individual currently in the DEP. If
these numbers of accessions and losses can be forecasted for several months in
advance with reasonable accuracy then USAREC might be able to adjust mission
requirements in time and still supply the required number of recruits in each
mission box category; and ultimately use such forecasts as inputs to a decision

aid patterned after that of Burris [1].

3. The Data File
The data made available by USAREC in ASCII format consist of records of

individuals in the DEP from the fiscal years 1988 to 1995. The data include the
following in addition to some other variables that are not mentioned here
because they were not used:

Contract Date - this is the day when the contract was signed;

Projected Active Duty Date (PADD) - this is the day the individual is scheduled
to enter the Army by contract;

Accession Date - this is the day when the individual actually entered the
Army; it is 0 if this has not occurred;

Discharge Date - this is the day when the individual became a loss from the
DEP; it is O if this has not occurred;

Mission Box Category - this is an integer from 1 to 22 whose meaning is
explained in Appendix A.



All dates are given in the YYMMDD format, e.g., 921003 means 3 October
1992.

The data were first processed and sorted to facilitate the computation that
was to follow. Since the original ASCII file was huge, almost 19MB large,
removing the unessential variables from it was also a goal. The processing also
included the computation of the contracted DEPlength defined as the number of
days between Contract Date and PADD divided by the ratio of 365 to 12, which is
the average number of days in a month. This gives the number of months the
individual is scheduled to spend in the DEP by the contract. This number was
rounded to the nearest integer and also forced to be between 1 and 12, as the
legal length of a contract must be between these two numbers.

A small number of DEPlengths originally calculated to be zero months.
Under further invesfigation it was revealed fhat in the overwhelming majority of
these cases the Cohtract Date and the PADD were actually identical. There were a
total of 529 such records and in all but 23 cases the Accession or Discharge Date
was also the same as the Contract Date. It was decided that these 529 records
should not be included in the analysis on the grounds that these records were not
truly DEP records. As such, the computation carried out subsequéntly excluded
these 529 records.

All records were sorted by mission box and contracted DEPlength into
22 x 12 = 264 separate ASCII files. These are named to reveal the relevant mission
box and DEPlength. For example, the file named “MB04DL06.DAT” contains all
records of mission box 4 (GMB) with contracted DEPlength of 6 months. Table 1
displays the number of records in each file as well as the totals by mission box or
by DEPlength. Table 2 shows the percentage of records in each file of the total
number of 615,872 records.




TABLE1
NUMBER OF DEP RECORDS BY MISSION BOX(MB) AND CONTRACTED DEPLENGTH(DL)

MB DL=1 DL=2 DL=3 DL=4 DL=5 DL=6 DL=7 DL=8 DL=9 DL=10 DL=11 DL=12 |TOTAL

1 1000 2180 3130 5527 8483 7122 12152 13826 12459 10705 14170 11398 | 102152
2 56406 42140 31782 25948 15532 . 7005 5161 3294 1815 1430 1146 4871 | 196530
3 682 1542 2188 2749 3459 3782 5088 4935 3770 2824 2734 2363 | 36116
4 39172 23383 14821 8284 4591 1614 994 585 398 375 290 1678 | 96185
5 5 3 1 4 3 6 4 6 1 1 3 6 43
6 8799 4723 2455 888 296 123 74 42 20 14 13 91| 17538
7 2767 1075 729 771 321 76 68 64 75 64 84 219} 6313
8 1473 116 21 16 13 15 18 . 30 27 27 57 51 1864
9 157 362 691 1482 1872 1616 1837 1683 1545 880 721 463 | 13309
10 12377 9970 8897 7517 5150 2440 1535 1101 637 446 326 1317} 51713
11 6 14 41 70 61 15 15 18 6 7 10 9 272
12 8653 5845 3967 2706 1685 512 317 225 93 100 92 494 | 24698
13 0 0 o 0 0 0 0 0 0 0 1 0 1
14 96 35 60 22 8 1 1 0 2 0 1 4 230
15 49 48 9 5 0 2 5 1 0 1 2 1 123
16 1 0 0 0 0 0 0 0 0 0 0 0 1

17 23488 8251 3679 1968 1430 787 455 260 159 132 110 528 | 41247
18 2994 1129 499 308 224 157 103 44 33 21 19 149 | 5680
19 10082 4907 2470 1462 509 168 134 79 69 52 64 228 | 20224

20 909 102 40 29 20 18 11 12 6 7 9 15) 1178
21 146 148 83 22 10 10 3 6 2 1 3 11 445
22 4 2 2 2 0 0 0 0 0 0 0 0 10

TOT 169266 105975 75565 59780 43667 25469 27975 26211 21117 17096 19855 23896 | 615872

TABLE 2
PERCENTAGE OF DEP RECORDS BY MISSION BOX(MB) AND CONTRACTED DEPLENGTH(DL)
MB DL=1 DL=2 DL=3 DL=4 DL=5 DL=6 DL=7 DL=8 DL=9 DL=10 DL=11 DL=12 [TOTAL
1 0.2 0.4 0.5 0.9 14 1.2 20 22 2.0 1.7 23 1.9 16.6
2 9.2 6.8 52 42 25 1.1 08 0.5 03 0.2 0.2 0.8 319
3 0.1 0.3 04 04 0.6 0.6 0.8 08 0.6 0.5 04 04 5.9
4 6.4 3.8 24 13 0.7 03 0.2 0.1 0.1 0.1 0.0 03 15.6
5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
6 14 0.8 04 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.8
7 04 0.2 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0
8 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 03
9 0.0 0.1 0.1 02 03 03 03 0.3 0.3 0.1 0.1 0.1 22
10 20 1.6 14 12 0.8 04 0.2 0.2 0.1 01 0.1 0.2 84
11 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0
12 14 0.9 0.6 04 0.3 0.1 0.1 0.0 0.0 0.0 0.0 0.1 4.0
13 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
14 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
15 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
16 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
17 38 13 0.6 03 0.2 0.1 0.1 0.0 0.0 0.0 0.0 0.1 6.7
18 05 0.2 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.9
19 16 0.8 04 0.2 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 33
20 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2
21 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1
22 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
TOT 275 17.2 123 9.7 7.1 4.1 4.5 43 34 28 32 3.9 100.0




It was originally expected that the actual number of months spent in the DEP
by an individual would conform to the same rules as the contracted DEPlength,
i.e. be between 1 and 12 months, even if the actual figures would occasionally be
quite different from the contracted DEPlength. Indeed, overall for the large
majority of records it is true that the actual DEPlength, when measured the same
way as the contracted DEPlength, was less than or equal to the contracted
DEPlength. The actual DEPlength was measured as the number of days between
Contract Date and Accession Date or Discharge Date divided by 365 over 12
(about 30.42) and rounded to the nearest integer. Once the 529 “instant
accessions/losses” mentioned above were omitted there remained only a small
number of records whose actual DEPlength was less than .5 months and thus
rounded to zero. These actual DEPlengths were changed to 1 month. However, at
the other end of the scale, a not insignificant number of records showed actual
DEPlength beyond their contracted DEPlength and even well beyond 12 months.
As Table 3 shows there are 7373 contracts in the data base which stay in the DEP
longer than their originally contracted DEPlength. Most of these (6988 records)
occur among records with originally contracted DEPlength of 12 months. In fact,
Table 4 shows that nearly 30% of all records with contracted DEPlength of 12
months stay in the DEP longer than that time and among some important
mission boxes the percentage is much larger than that. For example, among
mission box 2 (GMA) records with contracted DEPlength of 12 months, more
than 63% stay in the DEP beyond the 12 month period. It is likely that these
contracts are renegotiated during the individual’s stay in the DEP, but
unfortunately the data do not contain this piece of information. As a further
complication, there is a small number (219 to be exact) of records which are still

open, but these were not counted among the 7373 records that stay longer than




their original contract. These still-open records were omitted later in the

calculation, but the rest of the records with longer than 12 months of actual

DEPlength were left uncorrected, taking their DEPlengths of 14, 18, or even 25

months as legitimate. The reason for this was that it was considered important

for forecasting purposes to take into account this significant fraction of records

that access (or discharge) later (even much later) than their original PADD.
TABLE 3

NUMBER OF CONTRACTS THAT STAY IN DEP BEYOND THEIR CONTRACTED DEPLENGTH
BY MISSION BOX(MB) AND CONTRACTED DEPLENGTH(DL)

MB DL=1 DL=2 DL=3 DL=4 DL=5 DL=6 DL=7 DL=8 DL=9 DL=10 DL=11 DL=12 |TOTAL
1 4 1 1 7 13 3 6 9 11 6 7 1005 1073
2 40 18 10 18 14 5 6 7 2 4 6 3091 3221
3 2 0 2 4 3 2 5 6 5 2 6 170 207
4 3. 13 7 6 3 4 2 2 1 1 1 1025 1078
5 0 0 0 0 1 0 0 0 0 0 0 0 1
6 2 2 1 1 2 0 1 0 0 1 0 41 51
7 0 0 0 0 0 1 0 0 0 1 0 90 92
8 0 0 0 0 0 0 0 0 0 0 0 3 3
9 3 0 0 0 1 1 0 1 2 1 0 48 57

10 7 9 2 3 7 0 1 4 1 1 0 758 793
11 0 0 0 0 0 0 0 0 0 0 0 0 0
12 1 1 0 2 3 0 1 0 0 0 0 285 293
13 0 0 0 0 0 0 0 0 0 0 0 0 0
14 0 0 0 0 0 0 0 0 0 0 0 3 3
15 0 0 0 0 0 0 0 0 0 0 0 0 0
16 0 0 0 0 0 0 0 0 0 0 0 0 0
17 4 4 2 1 1 0 0 1 0 0 0 252 265
18 0 0 0 1 0 0 0 0 0 0 0 77 78
19 3 3 1 3 2 1 1 1 0 0 0 133 148
20 1 0 0 1 0 0 0 0 0 0 0 3 5
21 0 0 0 0 0 0 0 0 0 0 1 4 5
2 0 0 0 0 0 0 0 0 0 0 0 0 0
TOT 80 51 26 47 50 17 23 31 22 17 21 6988 7373




"TABLE4

PERCENTAGE OF CONTRACTS THAT STAY IN DEP BEYOND THEIR CONTRACTED DEPLENGTH

BY MISSION BOX(MB) AND CONTRACTED DEPLENGTH(DL)
MB DL=1 DL=2 DL=3 DL=4 DL=5 DL=6 DL=7 DL=8 DL=9 DL=10 DL=11 DL=12

TOTAL

1 04 0.0 0.0 0.1 0.2 0.0 0.0 0.1 0.1 0.1 0.0 8.8 1.1
2 0.1 0.0 0.0 0.1 0.1 0.1 0.1 0.2 0.1 03 0.5 63.5 1.6
3 03 0.0 0.1 0.1 0.1 0.1 0.1 0.1 0.1 01 0.2 72 0.6
4 0.0 0.1 0.0 0.1 0.1 0.2 0.2 03 0.3 03 03 61.1 11
5 0.0 0.0 0.0 0.0 333 0.0 0.0 0.0 0.0 0.0 0.0 0.0 23
6 0.0 0.0 0.0 0.1 0.7 0.0 14 0.0 0.0 7.1 0.0 45.1 03
7 0.0 0.0 0.0 0.0 0.0 13 0.0 0.0 0.0 1.6 0.0 41.1 1.5
8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 5.9 0.2
9 19 0.0 00 00 0.1 0.1 0.0 0.1 0.1 0.1 0.0 104 04
10 01 0.1 0.0 0.0 0.1 0.0 0.1 04 0.2 0.2 0.0 57.6 15
11 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
12 00 0.0 0.0 0.1 0.2 0.0 03 0.0 0.0 0.0 0.0 57.7 12
13 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 00 0.0 0.0 0.0
14 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 75.0 13
15 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
16 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
17 00 0.0 0.1 0.1 0.1 0.0 0.0 04 0.0 0.0 0.0 47.7 0.6
18 00 0.0 0.0 03 0.0 0.0 0.0 0.0 0.0 0.0 0.0 51.7 14
19 00 0.1 0.0 02 04 0.6 0.7 1.3 0.0 0.0 0.0 58.3 0.7
20 01 0.0 0.0 34 0.0 0.0 0.0 0.0 0.0 0.0 0.0 20.0 04
21 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 333 364 11
2 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
TOT 00 . 00 0.0 0.1 0.1 0.1 0.1 01 0.1 0.1 0.1 292 1.2

4. Method of Forecasting Future Accessions and Losses

The idea behind the method of forecasting future accessions and losses as

explained in this section is that the length of time already spent in the DEP must

be a significant factor in determining how much more time an individual will still

spend in the DEP, given his/her mission box and contracted DEPlength. That

idea suggests the use of conditional probabilities of accession or loss given the

time already spent in the DEP. This necessitates the introduction of conditional

probabilities of accession and loss, as well as the marginal probabilities and

“survival” probabilities.

First of all, we consider only records of individuals in the DEP of a single

mission box, called MB, and a fixed contracted DEPlength, called DL. We note



that the data were also organized in just such a way that all such records (and no
others) are contained in a single data file.
Next we introduce

T = the time actually spent in the DEP by a randomly selected individual
with mission box MB and contracted DEPlength DL.

Regarding T as a random variable we shall introduce its distribution as well.
First we note that this individual will eventually either be accessed by the Army
or be discharged from the DEP, thereby becoming a loss to the Army. Therefore,
we define the events

A = theindividual becomes an Accession to the Army eventually; and

L the individual becomes a Loss to the Army eventually.

Therefore, we must have
P(A)+P(L)=1
where P(A) and P(L) stand for the probabilities of events A and L occurring,
respectively.

Next we assume that T is a discrete random variable with the possible values
of 1,2, 3, ...months. Although the data which include the exact date of accession/
discharge would also support an assumption that T takes values measured in
days rather than months, the actual DEPlength, which T measures, is usually
computed from the data in number of months. Therefore, we introduce two
probability mass functions (PMFs) for T:

fa) = P(T =imonths, A)

= Probability that an individual becomes an accession after spending
exactly i months in the DEP

fL@ = P(T =imonths, L)
= Probability that an individual becomes a loss after spending
exactly i months in the DEP
fori=1,2,....



We are assuming here that
fa@ =fr(H=0foralli#1,2,..
Note, in particular, that f4(0) = f.(0) = 0 is assumed which is in agreement with
the fact that records of individuals who access or discharge from the DEP in less
than .5 months are excluded from subsequent analysis as was explained in
Section 3. At the other end of the scale, we must allow i to become larger than
DL, the contracted DEPlength, or even 12 months due to the fact that many
individuals do stay in the DEP as explained in Section 3.

Note that the probabilities of eventual accession and loss are computed as

and

respectively.

Next we define the “survivor” probabilities:

Ga(j)=P(T > j, A) ZfA
i=j+1

and

Gr(j)=P(T >j,L) ZfL

i=j+1
forj=0,1,2, ...
These are, respectively, the probabilities that an individual becomes an accession

or loss after spending more than j months in the DEP. Note that

= ifA(i) =
i-1




and
610)=Y fu(i)=P(L).
1=1

Now we may define the conditional probability mass functions of T, given

that an individual stays in the DEP more than a fixed amount of time. These are

aa(i|j) = P(T=j+i,A|T>})
= Conditional probability that an individual who “survived”
more than j months in the DEP will become an Accession
exactly i months later (i.e. after exactly j + i months in the
DEP)

and

P(T=j+iL|T>})

Conditional probability that an individual who “survived”
more than j months in the DEP will become a Loss exactly i
months later (i.e. after exactly j + i months in the DEP)

a(i] j)

fori=1,2,...andj=0,1,2, ...

Note that we have the relationships:

o falj+i
‘“("’):GA(/})%GZ(;)
and
Al
e

fori=1,2,...andj=0,1,....

The goal here is to establish a method of estimating g4(i|j) and qr(i |j) from a
set of closed records, i.e. records of individuals who have already become
accessions or losses from the DEP, and then using these quantities, to forecast
future accessions and losses from a set of open records. /

The method of estimation is straightforward and uses the empirical

proportions rather than a parametric model. This approach is used because

10



empirical proportions can easily be adjusted over time by using records going
back for a fixed period of time in the past and then dropping records as they
become older than that fixed period of time. More complicated models require
higher maintenance and need refitting and evaluation more frequently. This will
be true particularly for DEP loss and accession forecasting because there are
substantial changes in certain properties over time.

The following notation is established for a set of closed records of individuals.

Let, fori=1,2,...

Na() = no. of records of individuals in a set of closed records that
become Accessions in exactly i months, and

Np(i) = no. of records of individuals in a set of closed records that
become Losses in exactly i months.

Also define, fori=1,2, ...

Ny= iN A(i) = no. of records of individuals who become Accessions
= eventually; and
Ny = iN L(i) = no. of records of individuals who become Losses
= eventually.
Finally,

N = N4+ N =total number of records of individuals.

Now we estimate f4(i) and f1.(i) as:
~ Nali ~ . Nip{i

fori=1,2,....

11




Next, we estimate G 4(j) and GL(j) as:
Ga(i)= Xfal) and Gr(j)= Y. fali)
i=j+1 i=j+1
forj=0,1,....

Finally, we estimate (i | j) and g1.(i | /) as:

~

o fa(i+i) . filiti)
=g geam ™ Wghwan

fori=1,2,...andj=0,1,....

The method of estimation of the conditional probability mass functions
having been established we proceed to the method of forecasting future
accessions and losses. For this we consider a set of open records of individuals
and define the following notation for a given date called “NOW”.

Let, forj=0,1,... |

R(j) = no. of open records of individuals who have been in the DEP
exactly j months, as of NOW.

Also, introduce:

A(i]j) = the number of R(j) records of individuals who have been in the
DEP exactly j months as of NOW and will become Accessions
exactly i months from NOW; and

the number of R(j) records of individuals who have been in the
DEP exactly j months as of NOW and will become Losses
exactly i months from NOW,

LG

fori=1,2,...,12andj=0,1, ....

Then forecasts of A(i | ) and L(i | j) are given, respectively, by

A(i| j)=R(j)aali] j)

and

12



L(i] j)=R(ia(i1 )
fori=1,2,...,12andj=0,1, ...
Finally, if A(i) and L(i) denote the total number of Accessions/Losses i months

from NOW, i.e.

A(l)= Y A(i|j) and L(i)=i’~("|f)

j=0 j=0

then these may be forecasted, respectively, as
Ai)= 2 Ali11)= ZaalilR()
. )

and

fori=1,2,...,12.

5. Computational Effort

The burden of handling large amounts of data required more sophisticated
software than ordinary spreadsheets could provide. The choice made was APL
(A Programming Language) * PLUS III for Windows, Version 1. Programs were
written (with plentiful documentation) in this language for forecasting future
accessions and losses using the formulas derived at the end of the previous
section. The program FORECASTALL is applicable for a current date, labeled
“NOW” in the previous section, and one of the twenty-two mission boxes,
denoted as “MB”. This program then forecasts and displays the number of
accessions/losses, for the relevant mission box category, for each of the next
twelve months past the date “NOW” by contracted DEPlengths 1 through 12.
The display also shows total number of accessions/ losses either by months (last

row) or by contracted DEPlengths (last column). Note that all the

13



accessions /losses are forecasted from among those records in the DEP which are
open on the date “NOW”. One such display is shown in Table 5 for “NOW” date
15 March 1992 and for mission box 1 (SMA). "

TABLE 5

ESTIMATED NUMBER OF ACCESSIONS T MONTHS AFTER 92315
BY CONTRACTED DEPLENGTH FOR MISSION BOX 1

T- IM 2M 3M 4M 5M M 7M 8M 9M 10M 1IM 12M | ALL
DL=12 31 142 688 44 158 98 9 3 24 30 22 27| 175
DL=11 32 258 649 972 617 453 153 28 9 1 1 0| 3183
DL=10 12 4 126 302 650 389 22 18 4 4 0 0| 1573
DL=9 6 9 24 75 55 116 6l 5 0 0 0 0| 351
D=8 2 13 9 582 723 49 49 3 0 0 0 0| 1873
Dl=7 8 4 209 214 512 306 16 0 0 0 0 0| B2
Dl=6 7 20 3 137 100 13 0 0 0 0 0 0| 314
DL=5 6 12 132 57 111 0 0 0 0 0 0 o| 807
DL=4 10 36 229 250 0 0 0 0 0 0 0 0| 525
DLl=3 8 25 6 0 0 0 0 0 0 0 0 0 99
DL=2 4 1 0 0 0 0 0 0 0 0 0 0 5

IDL=1 0 0 0 1 0 0 0 0 0 0 0o___ 0 1
TOT 126 608 2208 3514 2926 1824 359 88 38 46 23 27 11788
ESTIMATED NUMBER OF LOSSES T MONTHS AFTER 923 15
BY CONTRACTED DEPLENGTH FOR MISSION BOX 1

T- 1M 2M__ 3M __4M___5M ___6M __7M _ 8M _9M 10M 1IM 12M | ALL
DL=12 6 8 15 106 40 24 17 1 11 11 § 16 | 552
DL=11 95 160 235 273 167 111 37 7 3 3 0 0| 1091
DL=10 25 41 5 70 124 74 5 4 1 1 0 o | 398
DL=9 5 7 10 16 11 18 9 1 0 0 0 0 77
Dl=8 22 2 35 8 106 & 7 1 0 0 0 0| 350
DL=7 13 19 38 3% 72 4 2 0 0 0 0 0| 22
Di=6 3 4 7 17 12 2 0 0 0 0 0 0 45
DL=5 5 7 20 2 - 10 0 0 1 0 0 0 1 96
DL=4 3 8 27 2 0 1 0 0 1 0 0 2 67
D=3 1 3 6 0 0 0 0 0 0 0 0 0 9
D=2 2 1 0 0 1 0 0 0 0 0 0 0 4
Dl=1__ 0 0 0 0 0 0 0 0 0 0 0 0 0

L TOT 237 360 586 686 544 335 77 27 16 15 8 18 2911

Another program called CHECKALLREC was constructed in the same format
to count all actual accessions /losses (from among the open records) occurring 1
through 12 months past the date “NOW” by contracted DEPlengths for a given
mission box “MB”. Care was taken to select dates for “"NOW" that .are well prior
to more than 12 months before the beginning of FY1995 where our data end. This
program also displays the number of accessions/losses in the same table format
as the forecasts, including totals by months or contracted DEPlengths. An
example of such a display is shown in Table 6 for the “NOW” date 15 March 1992

and for mission box 1.
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TABLE 6
ACTUAL NUMBER OF ACCESSIONS T MONTHS AFTER 923 15
BY CONTRACTED DEPLENGTH FOR MISSION BOX 1

= 1M 2M 3M 4M 5M 6M ™ 8M IM 1I0M  11IM  12M | ALL
DL=12 3 13 640 637 240 148 39 22 5 8 13 54 1822
DL=11 2 10 356 996 847 647 387 33 5 9 6 0 3298
DL=10 4 4 31 98 561 593 132 21 8 6 1 0 1459
DL=9 2 4 9 63 43 150 64 17 0 0 0 0 352
DL=8 1 8 10 298 775 571 184 17 0 0 0 0 1864
DL=7 1 12 54 230 407 450 94 1 0 0 ] 0 1249
DL=6 4 5 29 41 199 24 3 0 0 0 0 0 305
DL=5 2 6 14 330 424 3 0 0 0 0 0 0 779
DL=4 9 5 47 395 55 0 -0 0 0 0 0 0 511
DL=3 3 7 51 30 0 0 0 0 0 0 0 0 91
DL=2 5 4 0 0 0 0 0 0 0 0 0 0 9
| DE=1 1 0 0 0 0 0 0 0 0 0 0 0 1
TOT 37 78 1241 3118 3551 2586 903 111 18 23 20 54 11740
ACTUAL NUMBER OF LOSSES T MONTHS AFTER 923 15
BY CONTRACTED DEPLENGTH FOR MISSION BOX 1
T= 1M 2M 3M 4M 5M 6M ™ 8M 9M oM 11IM 12M | ALL
DL=12 66 96 102 71 46 22 18 7 1 7 8 25 469
DL=11 140 138 176 211 154 85 40 13 9 5 1 0 972
DL=10 46 32 30 84 157 111 39 10 2 0 1 0 512
DL=9 5 5 5 18 12 17 9 5 0 0 0 0 76
DL=8 22 30 22 73 116 66 25 5 0 0 0 0 359
DL=7 23 29 23 66 62 64 17 1 0 0 0 0 285
DL=6 6 8 7 12 15 6 0 0 0 0 0 1 55
DL=5 10 10 24 36 44 0 0 0 0 0 0 0 124
DL=4 6 9 16 4 5 0 0 0 0 0 0 0 80
DL=3 2 3 7 6 0 0 0 0 0 0 0 0 18
DL=2 0 0 0 0 0 0 0 0 0 0 0 0 0
DL=1 0 0 0 0 0 0 0 0 0 0 0 0 0
TOT 326 360 412 621 611 371 148 41 12 12 10 26 2950

To facilitate the comparison between the forecasts and the actual accessions/
losses a third program called COMPPCTERR was constructed that simply

computes the percent errors in the forecasts according to the formula:

F_orecast — Actual
Actual

PCTERR = 100 x

This program also displays the result in a similar table format, an example of
which is provided in Table 7 for the same date and mission box as before. These
displays may be a good way to begin the analysis of the results of the forecasting
effort. This will be accomplished in the next section.

Finally, another program, called EVALUATE, was created by putting together
the previous three programs. All programs, including all subroutines used in the

major programs mentioned, are listed in Appendix B. Displays similar to those
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shown in Tables 5, 6, and 7 for other dates and mission boxes are shown in

Appendix A.

TABLE 7

PERCENT ERROR IN FORECASTING NUMBER OF ACCESSIONS T MONTHS AFTER 923 15

BY CONTRACTED DEPLENGTH FOR MISSION BOX 1

6. Results and Analysis

T=- 1M 2M 3M 4M  5M  6M sM  9M 10M 1IM 12M | ALL
DL=12 945 9% T 26 34 34 51 59 385 281 73 49 3
DL=11 1520 2479 82 2 27 30 61 -16 8 2B -8 0 3
DL=10 209 1041 307 208 16 3¢ 83 16 47 28  -100 0 8
DL=9 180 113 162 19 29 23 5 68 0 0 0 0 0
DL=8 104 61 836 82 7 21 73 84 0 0 0 0 1
DL=7 665 294 286 -7 2% -2 -8 100 0 0 0 0 5
DL=6 86 290 29 233  -50 45 -100 0 0 0 0 0 3
DL=5 178 101 841 6 74 -9 0 0 0 0 0 0 4
DL=4 12 615 38 -37 -9 0 0 0 0 0 0 0 3
DL=3 158 260 29  -100 0 0 0 0 0 0 0 0 8
DL=2 -18 -7 0 0 0 0 0 0 0 0 0 0| 4
DL=1__-100 0 0 0 0 0 0 0 0 0 0 0ol 25
TOT 241 680 78 1318 29 60 20 109100 15 49 0

PERCENT ERROR IN FORECASTING NUMBER OF LOSSES T MONTHS AFTER92 3 15
BY CONTRACTED DEPLENGTH FOR MISSION BOX 1

= IM 2M 3M 4M 5M  6M ___7M _ 8M _ 9M  10M 1IM 12M | ALL
DL=12 5  -10 52 50 -13 10 3 9% 1016 &0 1 3% 18
DL=11 _ -32 16 34 30 9 31 8 45 71 49 -8 0] 12
DL=10 ~ 46 27 78 17 21 34 88 65 -5 0 -8 0] =22
DL=9 1 7 9 12 -6 9 4 83 0 0 0 0 2
DL=8 -1  -14 59 2 -9 S5 71 83 0 0 0 0 3
DL=7 41 -3 6B 46 17 35 87 -100 0 0 0 0| 22
DL=6 45 46 -2 “u 2 7 0 0 0 0 0 -100 | -18
DL=5 52 -3 18 4 7 0 0 0 0 0 0 0| 23
DL=4 57 -12 69 42 -100 0 0 0 0 0 0 o] -16
DL=3 49 -5 -16 -100 0 0 0 0 0 0 0 0] 48
DL=2 0 0 0 0 0 0 0 0 0 0 0 0 0
DL=1 0 0 0 0 0 0 0 0 0 0 0 0 0
(ToT 27 0 o 011 0 48 34 35 25 16 29 | 1

The first striking thing to notice about the data investigated here was the

large number of fluctuations encountered in the number of open records on a

given date over the period FY1988 through FY1994. For example, when open

records of mission box 2 (GMA) were counted on the 15th of each month, over

that period of time the number of such records ranged between a low of 418 and

a high of 14,271 with the average being 6,752 records.-Similar fluctuations were

observed for the other major mission box categories.

Moving on to the actual forecasts and their accuracies, the tendency was to

have reasonably accurate forecasts over the period of an entire year. For example,
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forecasting for mission box 1 (SMA) out of a total of 11,770 open records on 15
January 1992, 9,079 were forecasted to access and 2,681 to become losses within the
next 12 months. The actual number of accessions and losses were 9,231 and 2,526
respectively. These results amount to an underestimation of accessions by less
than 2% and an overestimation of losses by slightly more than 6%. See Appendix
B for all these mission box 1 forecasts for 1992 and 1993.

While these results are not overwhelmingly good, they are quite acceptable.
These errors are typical of the errors encountered in general for periods of an
entire year:

(i) accuracy in forecasting accessions were usually better than in
forecasting losses, probably due to the higher volume;

(ii) accessions were usually underestimated, whereas losses were usually
overestimated;

(iii) when the number of open records became larger/smaller the
accuracy of the estimation procedure got better/worse, in general.

However, this last point was not universally true. Instead, a seasonal factor
seemed to manifest itself as well. Observing the percent errors over an entire year
in forecasting accessions/losses among open records on the 15th of every month
of 1992 for mission box 1, the errors grew larger for open records in the months
of May through September, after which the errors reduced again in October. This
phenomenon seemed to appear somewhat independently of when the total
number of open records increased or decreased. Thus, for example, on 15 June
1992 there was a large number (14,720) of open records, yet the forecast errors
were -7% and 32%, respectively, for accessions and losses; not particularly good
for such large volume. In contrast, on 15 October 1992 with only 3,924 open

records, the errors were only -1% and 9% for accessions and losses, respectively.
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It was this phenomenon among others that suggested that seasonality plays a
significant role in the accuracy (or lack thereof) of the forecasts. This point
becomes more apparent when looking at forecasts on a monthly basis. Examine,
for instance, Table 8 showing the percent errors of forecasting accessions/losses
among all open records of mission box 1 on 15 February 1992. Although the
percent errors for forecasting accessions/losses for an entire year past that date
are remarkably small (0% and 2%, respectively) the errors in month-by-month
forecasting fluctuate between -35% and 686% for accessions and between -50%
and 195% for losses. These errors occur in spite of the fact that the total number
of open records on that date was large, namely 10,599. While the actual number
of accessions/losses on a monthly basis was often quite small, the biggest errors

did not necessarily occur in those places. For that reason seasonal variation seems

TABLE 8
PERCENT ERROR IN FORECASTING NUMBER OF ACCESSIONS T MONTHS AFTER 92215
BY CONTRACTED DEPLENGTH FOR MISSION BOX 1

T= IM 2M 3M 4M 5M 6M ™ SM 9IM oM 1M 12M ALL
DL=12 913 777 1019 -4 -29 -30 -34 22 118 380 259 -33 -5
DL=11 0 1404 2320 88 -13 -15 -35 -66 3 43 -14 -100 -4
DL=10 327 212 1029 320 243 11 -37 -83 8 92 0 0 8
DL=9 0 172 102 178 5 53 -16 -27 -63 0 0 0 -1
DL=8 -9 130 83 840 47 8 -30 -82 0 0 0 0 0
DL=7 77 699 291 266 12 13 -53 -100 0 0 0 0 5
DL=6 38 45 278 41 130 -61 -100 0 0 0 0 0 1
DL=5 -9 139 125 544 3  -100 0 0 0 0 0 0 8
DL=4 33 -33 162 9 -100 Y 0 0 0 0 0 0 -5
DL=3 -28 26 -68 0 0 0 0 0 0 0 0 0 -27
DL=2 15 -71 0 0 0 0 0 0 0 0 0 0 -35
DL=1 =73 0 0 0 0 0 0 0 0 0 0 0 -35
TOT 96 198 686 60 7 =5 -36 -65 15 77 142 -35 0

PERCENT ERROR IN FORECASTING NUMBER OF LOSSES T MONTHS AFTER 92 2 15
BY CONTRACTED DEPLENGTH FOR MISSION BOX 1

T= 1M 2M  3M  4M  5M _ eM  7M _ 8M _ 9M 10M 11IM 12M | ALL
DL=12 147  -10 11 13 16 -13 7 -11 105 415 71 32 19
DL=I11 217  -36 13 37 21 21 19 -18 46 74 71 -100 14
DL=10 109 45 2 73 -8 25 -39 -87 67 0 0 0| -21
DL=9 186 2 37 40 -10 3 10 -17 -81 0 0 0 3
DL=8 0 1 -14 36 16 1 -15 79 77 0 0 0 1
DL=7 115 48 40 42 .33 15 53 99 0 0 0 0| =20
DL=6 0 -55 -50 0 45 -36 0 0 0 0 0 -100 -10
DL=5 -24 -73 -46 9 -15 -99 0 0 0 0 0 0 -38
DL=4 94 -8 0 -2 -100 0 0 0 0 0 0 0 76
DL=3 0 0 0 0 0 0 0 0 0 0 0 0 4]
DL=2 0 0 0 0 0 0 0 0 0 0 0 0 0
DL=1 0 0 0 0 0 0 0 0 0 0 0 0 0

[ToT__195 31 1 22 11 4 17 -50 28 54 19 -30 2|
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to be a better explanation for the large percent errors that occurred in the monthly
forecasts of accessions/losses.

More specifically, it is quite possible that ir{dividuals contracted in the winter
quarter behave quite differently from individuals contracted in the spring,
summer or fall quarters. Since the estimation and forecasting procedure
explained in Section 4 lumps all data together, it is not surprising that when
forecasting accessions/losses on a monthly basis using general estimates of the
conditional probability mass functions from totally aggregate data, the monthly
forecasts turn out to be highly inaccurate, sometimes overestimating, other times
underestimating the actual accessions/losses, more or less averaging out over the
duration of an entire year.

The remedy to this problem is likely to be to segment the data seasonally, e.g.
by quarters and estimate conditionai probability mass functions separately for
each quarter and then use them to forecast for like quarters only. The details of
this procedure would have to be worked out more precisely, including the
question of whether quarterly or monthly or other seasonality segmentation
would serve best the interests of accuracy in forecasting.

Another possibility for improving the accuracy of forecasting is to introduce
smoothing of the estimated probabilities. For example, the proportion of DEP
losses is highest for the first and last months spent in DEP (Vales [2]) and often
very small for the middle months. Thus, data for the middle months can be
combined to give pooled estimates of the proportion of losses and accessions for
those months. Yet another possibility is to smooth the estimates using a para-
metric approach such as loglinear modeling rather than the empirical probabil-
ities. Because a parametric model of losses and accessions can change dramat-

ically over time, this approach would need to be done with quite a bit of care.
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APPENDIX A
Mission Box Codes

SMA
GMA
SMB
GMB
SM4
GM4
NMA
NMB
SFA
GFA
SFB
GFB
SF4
GF4
NFA
NFB
MPS
FPS
HMA
HMB
HFA
HFB
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APPENDIX B

ESTIMATED NUMBER OF ACCESSIONS T MONTHS AFTER 92115
BY CONTRACTED DEPLENGTH FOR MISSION BOX 1

= 1M 2M 3M 4M 5M 6M ™ sM IM oM 11IM 12M | ALL
DL=12 28 25 22 144 669 427 148 9% 55 33 22 51 1720
DL=11 7 5 30 257 656 936 651 415 153 28 3 0 3139
DL=10 3 4 12 45 131 321 620 389 21 7 0 0 1552
DL=9 6 1 6 9 25 72 57 119 37 0 0 0 332
DL=8 7 3 2 13 91 539 701 188 0 0 0 0 1544
DL=7 18 3 7 47 211 188 135 0 0 0 0 0 609
DL=6 8 3 6 19 23 33 0 0 0 0 0 0 92
DL=5 13 7 5 6 1 0 0 0 0 0 0 0 31
DL=4 19 15 4 3 0 0 0 0 0 0 0 0 40
DL=3 11 3 2 0 0 0 0 0 0 0 0 0 16
DL=2 1 1 0 0 0 0 0 0 0 0 0 0 2
DL=1 0 0 0 1 0 0 0 0 0 0 0 0 1
TOT 120 70 96 541 1807 2515 2311 1208 266 68 25 51 9079

ESTIMATED NUMBER OF LOSSES T MONTHS AFTER 92115
BY CONTRACTED DEPLENGTH FOR MISSION BOX 1

T= IM 2M 3M 4M 5M 6M ™ 8M 9M i0M 1IM 12M | ALL
DL=12 17 35 59 84 156 96 37 23 15 12 9 27 571
DL=11 25 51 91 158 235 264 173 102 36 7 1 0 1140