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ABSTRACT

This research memorandum documents
the Center for Naval Analyses' assess-
ment of thc Price Waterhouse shore base
facility condition readiness model. The
accuracy and reasonableness of' the
model's predictions are assessed. Sug-
gestions are made for revising the pres-
entation of the model's results and for
refining the model.
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EXECUTIVE SUMMARY

Price Waterhouse prepared a statistical model that relates Mainten-
ance and Rjpair of Real Property (MRRP) funding to facility conditi3fi
readiness. CNA was asked by the Director, Shore Activities Division
(OP-44) to conduct an independent assessment of this model and to iden-
tify promising alternative modeling approaches.

Developing a resources-to-readiness model for shore base facility
condition readiness is inherently difficult. The Shore Base Reporting
System (BASEREP) data are limited in both quantity and quality. Given
the quality of the data, it may not be possible to find a relationship
between funding and readiness that is statistically significant and
conforms to common sense, regardless of what estimation techniques are
used.

Price Waterhouse should be commended for preparing a model that is
simple and well documented. The CNA study team, however, found signifi-
cant shortcomings with both the statistical techniques used and the
manner in which results were presented and interpreted. These criti-
cisms seem more important because the predictions generated by the Price
Waterhouse model fail tests of reasonableness and of statistical impor-
tance. At the very least, the report should be revised so that the
statistical results are presented with the proper qualifications. The
study team further recommends that a more defensible model be produced--
one that would yield more reasonable predictions.

VALIDITY OF PREDICTIONS

Even without considering the validity of the statistical techniques
used, the Price Waterhouse model can be faulted because it does not make
reasonable and accurate predictions. The model's predictions of facili-
ty condition readiness for all Navy facilities are pessimistic. Sup-
pose, for example, that the level of Replacement and Modernization
Military Construction (R/M MILCON) funding is held constant from 1988
through 1994, and MRRP funding levels are taken from the President's
1988 budget submission. In this case, the Price Waterhouse model pre-
dicts that the percentage of C1 or C2 ratings will fall from 75 percent
in 1983 to 46 percent in 1994. Specialists in base readiness from OP-44
do not believe that this large a decline in readiness is likely.

An examination of out-of-sample predictions demonstrates that the
model's level of accuracy is low at the sponsor/claimant level. These
predictions were made by deleting data for one year, reestimating the

1. Price Waterhouse, Contract No. N00600-86-D-3869, Delivery Order 2,

Development of an Analytical Model Relating MRRP Resources to Facility
Condition Readiness, Aug 1987.
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model, and then determining predictions for the deleted year. The
predictions for the deleted year were then compared to actual readiness
for that year. In one test, the predicted direction of change in readi-
ness was compared to tlie actual direction of change. The direction of
change was predicted correctly only 42 percent of the time. An alterna-
tive test was to consider how well the model performs when compared to a
simpler model. The simplest model would predict no change in readiness,
whatever the level of funding. Statistics were calculated based on the
differences between predicted and actual levels of readiness. These
statistics show that the simple model virtually always performed better
than the Price Waterhouse model.

SUGGESTED REVISIONS OF PRESENTATION

Although the presentation of the Price Waterhouse model is general-
ly clear and complete, there are a few instances in which the interpre-
tation of results may be misleading. The executive summary states that
a 23-percent increase in funding would be necessary to maintain readi-
ness at constant levels. This prediction is based on the individual
intercept terms, over half of which are not significant. Also, the
predicted break-even level of funding is outside of observed funding
levels for over half of the sponsor/claimants. This result should not
be presented as if it were fact, with no reference to its statistical
validity or to the difficulties with the underlying data.

The final Price Waterhouse model was the result of a lengthy speci-
fication search. That is, many preliminary regressions were run and the
results of these regressions were used to choose a final model. This is
a widely used technique, and some amount of specification search is
virtually unavoidable. The statistics associated with a model arrived
at by this method, however, must be used with caution. The final model
may say as much about the criteria used in the search as it does about
the true relationship between funding and readiness. For this reason,
the statistics associated with the final model should be reported witn
the proper qualifications and used with caution.

SUGGESTED REFINEMENTS OF THE MODEL ,

In addition to revising the presentation of the model, it is the
opinion of the CNA study team that the existing model could be improved.
A few of the most important problems are discussed here; other problems
are mentioned in the outline at the end of the Executive Summary and are
discussed in the text. A detailed presentation of an alternative model
that incorporates these suggestions is given in appendix B.

The purpose of the Price Waterhouse modeling effort is to relate
funding to facility condition readiness. For the model to be success-
ful, it must be based on a meaningful measure of readiness. Whether a
measure of readiness is meaningful must be decided by the users of the
model. This issue cannot be decided by a statistioal test as Price
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Waterhouse attempts to do. The readiness measure used in the Price
Waterhouse model is the percentage of ratings that are either C1 or
C2. This measure gives equal weight to port operations in Long Beach
and fire protection in a Reserve Center. Alternative readiness measures
would attempt to weight the ratings by measures of the size and impor-
tance of the mission and activity. Any weighting scheme introduces
complications. If a model that simply predicts the percentage of C1 and
C2 ratings provides the information that the Navy needs to allocate MRRP
funds, then the complications of weighted readiness measures can be
avoided. If, however, a more sophisticated measure of readiness is
required, then these complications must be addressed.

The small size of the data sample influences how many variables can
be included in the model and also creates pressure to increase the
number of years of data used. Further testing needs to be done to
determine the best level of aggregation at which to estimate the model:
sponsor/claimant, only sponsor or only claimant, or Navywide. If data
from different years are consistent, then the accuracy of the model can
be improved by using more years of data. Appendix C describes tests of
whether different years of data can be combined.

Although the Price Waterhouse model in general has the virtue of
simplicity, its treatment of time-series/cross-section effects is
unnecessarily complicated. The model combines individual sponsor/
claimant intercepts with variables transformed into differences from
lagged values and ratios to average values. As a result, the model is a
hybrid of three standard time-series/cross-section models. It is recom-
mended that one or another of the standard time-series/cross-section
models be adopted. Combining the different models may produce
unexpected statistical results. Furthermore, the coefficients in their
hybrid model are difficult to interpret.

The discussion of level and change models in the Price Waterhouse
report is misleading. it must be determined whether readiness in one
period tends to decline to some fraction of readiness in the previous
period. If there is no such decline, then it is correct to estimate the
model that Price Waterhouse proposeq, with the change in readiness on
the left-hand side. If there is depreciation, then the previous
period's readiness belongs as an independent variable on the right-hand
side of the equation.

The Price Waterhouse model uses a linear functional form. The
justification used for this is that even if the true readiness function
is not linear, a linear relationship can approximate a curve within a
limited region. Although this is true, the results of the estimation
are not used to pre.dict readiness changes within a limited region. For
this reason, and because there are theoretical reasons to believe that
the relationship between funding and readiness is not linear, the CNA
study team believes that a nonlinear functional form should be used.
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This point is important because the-linear functional form may cause the

model's overly pessimistic predictions.

CONCLUSIONS AND RECOMENDATIONS

The major conclusions and recommendations of this assessment are as
follows:

* The usefulness of the existing Price Waterhouse model is
limited because of the quality of its predictions.
Predictions of Navywide shore facility condition readi-
ness are pessimistic; predictions at the sponsor/claimant
level are inaccurate. The model should not be used to
reallocate funds among sponsor/claimants.

" The following revisions are suggested in the presentation
of the model:

-- The executive summary should be expanded so that it
reflects the uncertainty regarding the statistical
results.

-- Coefficients should be interpreted in terms of changes
from average funding levels rather than break-even
funding levels.

-- The report should document the model that is delivered
to the Navy in a LOTUS spreadsheet.

-- The statistical results should be qualified even more
heavily because the final model is the result of a
specification search.

" The following refinements are suggested in the handling
of the data and the estimation method:

-- The Navy should decide what measure of readiness
should be used in evaluating the allocation of MRRP
funds.

-- Variables that measure changes in commanding officers
and the percentage of leased assets should be added to
the model.

-- Tests should be performed to deterrine whether data
from different years can be combined.

-- Tests should be performed to determine whether a
sponsor/claimant model, Mavywide model, or some inter-
mediat model should be used.

-vi-



-- A more standard time-series/cross-section model should
be used.

-- The previous year's readiness should enter on the
right-hand, rather then the left-hand, side of the
model.

-- Corrections should be made for problems of autocorre-
lation and measurement error.

-- The relationship between readiness and funding should
be nonlinear.

-- A more statistically sound method of weighting the
data should be used.

* A model is proposed that incorporates these changes.
Appendix B describes this model and shows how it can be
estimated.
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INTRODUCTION

Price Waterhouse prepared a statistical model that relates Mainten-
ance and Repair of Heal Property (MRRP) funding to facility condition
readiness [1]. CNA was asked by the Director, Shore Activities Division
(OP-44) to conduct an independent assessment of the model and to identi-
fv promising alternative modeling approaches.

Developing a resources-to-readiness model for shore base facility
condition readiness is inherently difficult. (References [2] and [31
discuss some of the data and modeling problems involved.) The first
Shore Base Reporting System (BASEREP) data were collected in 1982. The
number of bases reporting and the quality of the data have improved each
year. Thus, although data are currently available from 1982 through
1986, using the 1982 and 1983 data is questionable since substantially
fewer bases reported in these years.

Furthermore, the three or four years of usable data are based on
subjective readiness ratings. Base conmanders classify readiness at
one of four levels, as listed in table 1. The reliability of these
ratings has been questioned frequently, so much so that a new, more
objective rating system was put into place in 1987 [4]. Finally,
funding must be matched to BASEREP readiness measures at the highly
aggregated spon.,or/claimant level. Thus, it is not possible to observe
that the readiness of a specific facility increased when funds were
spent on a particuiar project to upgrade that facility. This sort of
effect may be swamped by other changes in funding and readiness over an
entire sponsor/claiman . Any modeling effort must be judged with these
difficulties in mind. Given the quality of the data, it may not be
possible to find a relationship between funding and readiness that is

TABLE 1

READINESS RATINGS

Ratirig Criteria

C1 The asset has f met all demands placed upon
it in the mission area.

C2 The asset has substantially met all demands of the
mission area with only minor difficulty.

C3 The asset has marginally met the demidnds of the
mission area with major difficulty.

C4 The asset has not met vital demands of the mission
area.



statistically significant and conforms to common sense, regardless of
what estimation techniques are used.

Given these difficulties, Price Waterhouse has developed , i,odel
relating readiness to funding. They should be commended for documenting
their model clearly and completely. The review process was facilitated
by the high degree of integrity shown in the report and in discussions
with their analysts. Their model has the virtue of simplicity, and
their work in assembling the data base is admirable.

The CNA study team, however, found significant shortcomings with
both the statistical techniques used and the manner in which results
were presented and interpreted. These criticisms seem more important
because the predictions generated by the Price Waterhouse model fail
tests of reasonableness and of statistical importance. At the very
least, the report should be revised so that the statistical results are
presented with the proper qualifications. The team further recommends
that a more defensible model be produced--one that would yield more
reasonable predictions. Given the shortcomings of the data, however,
there can be no assurance that refinements to the model will improve the
results.

The first section that follows examines the forecasts made by the
Price Waterhojse model. It assesses the degree to which the predictions
seem reasonable and the statistical significance of the predictions.
The second section suggests ways in which the presentation of the exist-
ing model could be improved. The third section investigates problems
with the existing model and suggests how they could be corrected. Both
data problems and problems in the estimation methods are discussed. The
first appendix shows how the coefficients in the model can be interpret-
ed. The second appendix contains an alternative modeling approach,
including details on how to implement the suggested estimation proce-
dure. The third appendix discusses possible tests for whether data
generated using the new readiness-rating criteria can be integrated with
the existing data.

VALIDITY OF PREDICTIONS

Two criteria can be used to assess the validity of the model's
predictions. First, one can ask whether the predictions seem reasonable
and whether, they fall within the realm of what a knowledgeable observer
might expect. Second, one can look at various statistical tests of the
model's predictive powers. In this section, the Price Waterhouse model
is measured against criteria of both types. The model does not perform
weli in any of the tests.

Navywide Readiness Predictions

First, the model's predictions of facility condition readiness for
all Navy facilities are examined. Figure 1 was generated by the Naval



Faciliies Engineering Command (NAVFACENGCOM)(Code 1003) using a LOTUS
model provided by Price Waterhouse. It should be noted that the LOTUS
model is not the same as the model documented in [1] (this will be
discussed further in the section on Suggested Revisions of Presenta-
tion). The graph depicts the percentage of facility condition readiness
ratings that are C! or C2. Projections are made for four alternative
paths of future funding. In each case, the level of Replacement and
Modernization Military Construction (R/M MILCON) funding is held
constant from 1988 through 1994. Future years' MRRP funding is taken
from the Navy's budget request in one case and from the President's
budget submission in the second. The remaining cases illustrate real
growth of 3 and 5 percent over the Navy's budget request.

76

72

68

U)

2 64

0
1-60

* 56
a 5-% real growth

52- 3-% realigrowth

48 o President's budget submission

83 84 85 86 87 88 89 90 91 92 93 94

Fiscal year

FIG. 1: PROJECTED FACILITY CONDITION READINESS
UNDER FOUR ALTERNATIVE FUNDING LEVELS

1. 1993 and 1994 figures were estimated -in both cases to show a
1-percent nominal growth of MRRP funding.
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The model predicts that ever if 5-percent real growth in MRRP
funding could be achieved, the percentage of C1 or C2 ratings would
decline from 75 percent in 1983 to 67 percent in 1994. Under more
realistic funding assumptions, the decline in readiness assumes disas-
trous proportions. The funding in the President's 1988 budget submis-
sion would cause readiness to fall to 46 percent by 1994. If revisions
to out-year fundings in the President's budget, Congressional cuts, arid
Gramm-Rudman cuts were taken into account, the decline in readiness
would be even more dramatic.

It is not difficult to derive funding paths that reduce the number
of C1 and C2 ratings to zero. For example, if MRRP and R/M MILCON
funding were cut in half in FY 1988 and held at that level thereafter,
projected readiness in 1994 would be -6.1 percent. The properties of
the model that allow it to project negative readiness levels are dis-
cussed further in the section on Estimation Problems and in appendix B.

Predictions for Individual Sponsor/Claimants

This section examines the accuracy of the model at the sponsor.
claimant level. Although the errors at the sponsor/claimant level may
counteract each other to produce a relatively low Navywide error, errors
at the sponsor/claimant level are important if the model is to be used
to apportion funding among the sponsor/claimants.

As an example, consider the results in exhibit Ill-1 in [I1 (pre-
sented in table 2) that lists the estimates of funding required to
maintain the present level of readiness. The required funding needed to
maintain readiness for sponsor 4/claimant 72 is over twice as high as
the average of its previous funding. Conversely, the required funding
to maintain readiness for sponsor 5.claimant 61 is only about 63 percent
of the average of its previous funding. Both sponsor/claimant pairs
have almost the same average previous funding. The estimation results
for equation 4 in appendix B in [1 show that the terms that create the
difference in required funding have very large variances. Therefore, it
cannot be said with much statistical confidence that the required
funding is different between the two pairs. Using the model to reallo-
cate funds would lead to a substantial reallocation of resources with
very little statistical support that readiness would be improved.

Table 2 examines in more detail the reliability of the predicted
break-even funding levels given in exhibit II1-1 in [1]. Break-even
funding is the funding level at which readiness remains constant from
year to year. The readiness model that Price Waterhouse estimates is
given by:

ARS/Ct S/C + F -

S/C,avg
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TABLE 2

VALIDITY OF BREAK-EVEN FUNDING PREDICTIONSa

Observed Predicted
range break-even Prediction intercept

Claimant Sponsor of funding b funding c  in range? significant?d

11 1 23.0 39.8 30.9 Y y
11 10 17.7 33.7 19.2 Y N
18 27 65.2 107.0 102.0 Y Y

23 4 28.1 47.7 39.2 y y
25 4 131.6 136.3 214.5 N y
30 2 14.9 16.1 11.9 N N
60 1 0 1.2 1.1 y N
60 2 4.8 26.4 19.6 Y N

60 3 67.6 120.6 91.5 Y Y
60 5 80.8 120.0 152.4 N Y
60 16 2.7 5.6 1.0 N N
61 2 1.8 2.1 1.7 N N

61 3 4.1 6.1 5.5 Y N
61 4 2.1 3.0 4.2 N N

61 5 14.0 22.3 11.4 N N
62 1 49.3 99.2 70.0 Y y
62 5 46.4 58.7 50.3 Y Y
62 16 0 3.8 3.8 Y N
70 2 17.2 22.1 30.9 N Y
70 3 86.1 93.4 109.9 N Y
70 4 28.2 40.0 31.5 Y Y
70 5 97.9 136.8 154.7 N Y
72 4 11.2 24.0 39.0 N N

72 5 14.8 27.4 19.7 Y y

a. All funding amounts are in millions of FY 1988 dollars.

b. Observed funding is calculated fvom data in [1], appendix A, by
summing the current year's MRRP and the previous year's MILCON for

the years 1984 through 1986.
c. Predicted break-even funding is from [1], exhibit IIl-1, and was

calculated using equation 2.
d. Statistical significance is tested at the 5-percent confidence leve]

using the t-statistics from [1], appendix B, equation 4.
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where

LRs/c C t z the change in readiness for sponsor/claimant S/C from
time t-1 to time t

FS/C,t : funaing for sponsor/claimant S/C at time t

FS/C avg : histori'al average funding for S/C.

The parameters to be estimated are the individual sponsor/claimant
intercepts, 1f/C, and the slope, m. Given this equation, the break-
even level of funding, denoted by F*/c, can be found by setting 6Rsc
0. The result is:

Is/C
F* . . . . F (2)
S/C M S, C,avg

Notice that a sponsor. ciaimant's break-even funding level depends on
both the slope and the intercept. Thus, the statistical significance of
predicted break-even funding levels will depend on the significance of
both slope and intercept. Although the estimated slope in Price Water-
house's modei s significant, table I shows that the sponsor/claimant
intercepts are cignificant at a 5-percent level in only 13 of the
24 cases.

Another issue with the model's predictions is whether the predicted
breat-even funding level lies within the range of funding observed for
that sponsor/clai.aant. Funding for sponsor 4/claimant 25 (logistics,
NAVFA5) ranged between $1,".6 and $136.3 million from 1984 through
1986. The model, however, -stimates that funding would have to be

increased to $214.5 million z3 maintain constant readiness. This would
represent an increase of 57 petcent over the historical average fu!ding
level.

Predictions that lie outside the range of observed values in the

sample must be treated with caution. Some sponsor/claimants have never,
within the sample period, received funding levels that allowed them to
keep readiness constant over time. There is obviously no direct infor-
mation available in these cases on how much funding would have to be
increased to maintain readiness. Table 2 shows that, for 13 of the
24 sponsor/claimants, the predicted break-even funding level lies out-
side of the observed range of funding. It is argued in a following
section that the relationship between funding and readiness cannot be

1. The funding variable used in the model is the sum of the current
year's MRRP funding and the previous year's R/M MILCON funding. All
funding amounts are expressed in millions of FY 1988 dollars.
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linear over large changes in funoing. if this is true, then the pre-
dicted break-even funding levels are even more suspect.

The intercept used to predict break-even funding is statistically
significant for 13 of 24 sponsor/claimants. Predicted break-even funa-
ing levels lie within the observed range of funding for 13 of
24 sponsor/claimants. Both tests are met in only 8 of the 24 cases.
The model's prediction that a 23-percent increase in funding would be
needed to maintain constant readiness must therefore be heavily quali-
fied. It woula be preferable to make predictions closer to the observed
average funding levels and to present them with some indication of thi-Ir
reliability.

Out-of-Sample Results

An examination of the out-of-sample predictions also demonstrates
the model's low level of accuracy at the sponsor/claimant level. Out-
of-sample predictions were made by deleting one of the years' data,
reestirrating the model, aid then determining predictions for the deleted
year. Each sponsor/claimant pair has tnree out-of-sample predictions.

certain level of funding would seem to be an important criterion in
deciding whether to use the model to allocate funds among sponsor/
claimants. The report claims that certain estimating techniques were
used to give added weight to the larger sponsor/claimants (in terms of
current plant value (CPV)) and thereby increase the model's accuracy
with respect to them. Therefore, the predicted airection of the change
in readiness was compared to the actual direction of change in readiness
for both the top five sponsor/claimaiics and the entire sample.

In predicting the right direction of a change in readiness, the
model predicts 2. incorrectly and 33 correctly, for an error rate cc
42 percent (only nonzero predictions ard observations were used in tne
statistics). One would expect that a totally random forecasting proce-
dure (such as flipping a coin) woulo have an error rate of 50 percent.
The model performs a little better aonsidering only the five highest CPV
sponsor/claimants. For this group, the model predicts the direction
correctly in five cases and incorrectly in eight cases for an error rate
of 38 percent.

Rather than considering the accuracy of predicting the correct
direction of change, it is instructive to consider how well the model

1. There are 24 sponsor/claimants and three years for which tests can be
performed, for a total of 72 cases. Of these, in 15 cases either the
predicted or actual change in readiness is zero. Thus, there are
57 nonzero cases. For the five highest CPV sponsor/claimants, there are
a total of 15 cases, of which 13 are nonzero.

-7-



perfcrms as compared tu a much simpler model. The simplest model is one
that states that readiness will bv the same the next period as in the
previous period irrespective of the level of funding. In other words,
the change in readiness is always equal tc zero. Two stariaard statis-
tics were calculated in order to compare the two models: the root mean
squared error (RMSE) and the mean absolute error (MAE). The root mean
squared error is similar to the standard deviation but measures the
dispersion of the forecast from the true value rather than the mean of
the predictions. The mean absolute error is the average of the absolute
value of the forecast errors. The MAE measures the average error on

either side of the true value.

The RMSEs and MAEs for the full model and the simple model are
given in table 3. The predicted changes were weighted by total
sponsor/claimant CPV and the same statistics calculated in order to
examine this alternative measure of readiness.

TABLE 3

COMPARISON BETWEEN A SIMPLE MODEL OF READINESS

AND THE FULL MODEL

Statistic Full model Simple model

Change
RMSE 1.68 1.27
MAE 9.67 6.61

RMSE (top five) 0.38 0.27
MAE (top five) 5.11 3.91

CPV*Change
RMSE 1.85 1.80
MAE 10.1 8.34

RMSE (top five) 1.49 1.59
MAE (top five) 21.8 21.3

As shown by table 3, the simple model always outperforms the full
model, with the exception of the CPV-weighted RMSE for the top five
sponsor/claimants. In some situations, especially ior the MAE, the
differences are substantial. Therefore, the use of the full model for
predictions at the sponsor/claimant level can produce substantial
errors.

At the sponsor/claimant level, the model produces results that may
lead to a misallocation of resources, inaccurate forecasts of the direc-
tion of change in readiness, and performs only as well as, if not worse
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than, a much simpler model. Therefore, the Price Waterhouse model

should not be used to allocate funds at this level of aggregation.

SUGGESTED REVISIONS OF PRESENTATION

Although the presentation of the model in [1] is generally clear,
and complete, there are a few instances in which the interpretation of
resulis may be misleading. First, the executive summary is too brief
and presents the results of the model without sufficient qualification.
Second, the results in the executive summary describe changes in readi-
riess starting from break-even funding levels, and it would be preferaJe
to give results starting from average funding levels. A third problem
is that the model that is documented in [1] is not the model that was
delivered to the Navy in a LOTUS spreadsheet. Finally, it is difficult
to make inferences regarding the statistical significance of coeffi-
cients in the final model because the final model is the result of a
lengthy snecification search.

'he xecutive Summary

The executive summary reports two resuits. First, it states that
"a 23 percent increase in combined MRRP and R/M MILCON funding (as
compared to the average funding for 1984-1986) is required to overcome
facility deterioration and maintain readiness at a constant level."
This result comes from exhibit III-1 in [1] and was discussed in the
pceceoing section on Predictions for individual Sponsor/Claimants. Te
prediction is based on the individual intercept terms, over half of
which are not significant. Also, the predicted break-even level of
funding is outside of observed funding levels for over half of the
sponsor/claimants. It would be difficult to calculate a confidence
interval around this prediction because it is a function of 25 different
coefficients. It is clear, however, that one should not place much
confidence in the Plaim that 23-percent higher funding would prevent
further deterioration of readiness. This result should not be presented
as if it were fact, with no reference to its statistical validity, or to
the difficulties with the underlying data.

The second result in the executive summary is that "Percentage
increases from the break-even funding level result in proportional
changes in readiness based on a factor of approximately 0.12." No
reference is made to this result in the text, but Price Waterhouse
analysts stated that it comes from the estimated slope in equation 1.
If this is so, then the statement would be correct if it referred to
increases from the average, rather than the break-even, level of funding
(see appendix A on interpreting the model's coefficients).

Furthermore, since it is based on a single estimated coefficient,
this result should be presented as a confidence interval rather than a
point estimate. Using a confidence interval is preferable because it
conveys some of the uncertainty that must be present with statistical
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results. Rather than being approximateIy 0.12, the proportional change
in readines can oe said to lie between 0.07 and 0.16 with 95-percent
confidence.

To illustrate how this coefficient could be interpreted, suppose
that holding funding at the 1984 through 1986 average level is expected
to cause a 2.5-percentage point decline in readiness each year. This is
the prediction of the model in 111, as derived in this paper's appen-
dix A. Thus, the 70.8-percent readiness achieved in 1986 would be
expected to decline to 68.3 percent in 1987. If real funding were
increased by 3 percent over the average level, then with 95-percent
probability there would be less of a decline in readiness of from 3(.07)
= 0.21 Lo 3(.16) = 0.48 percentage points. Predicted readiness in '987
would then lie between b8.5 and 68.8 percent.

The last sentence in the executive summary, in which a 13-percent
increase in funding is claimed to lead to a 1.2-percent decline in
readiness, is incorrect. A 13-percent increase in funding is probably
too large a change to have much confidence in its predicted effect on
readiness. However, if it were a change from average funding levels,
predicted readiness in 1987 wouid be between 69.2 and 70.4 percent with
95-percent protability. The point estimate would be 69.92 percent rather
than the 69.6 percent suggested in the executive summary.

In summary, the CMA study team believes the results in the execu-
tive summary should be qualified by references to their levels of
statistical significance. Furthermore, there should be some discussion
of the inherent difficulty of estimating a resources-to-readiness model
using the BASEREP data. Finally, as is discussed in the section immedi-
ately following, it would be preferable to interpret the coefficients in
terms of changes from average rather than break-even funding levels.

Average and Break-Even Funding Levels

A confusion between changes from average and break-even levels of
funding is evident throughout the paper. There are two reasons why it
would be preferable to interpret the coefficients in terms of changing
funding from historical average levels. First, the problem of making

1. Equation 4 of appendix B in [1] gives the coefficient as 11.69 and
the standard error as 2.44. The coefficient is divided by 100 to give
the effect of a percentage change in funding.
2. The point cstimate of 69.9 percent comes from multiplying the 13-per-
cent increase in funding by 0.12 and adding the resulting 1.6-percentage
point improvement to the 68.3-percent readiness expected in 1987 at
average funding levels. Price Waterhouse's point estimate of 69.6 per-
cent comes from decreasing 1986 readiness of 70.8 percent by 1.2 per-
centage points. It is assumed that they meant a 1.2-percentage point
decline -ather than a 1.2-percent decline in readiness.

-10-



forecasts outside of observed ranges of funding would be lessened.
Second, appendix A shows that changes in readiness starting from average
funding levels depend on the estimated slope, m. On the other hand,
changes in readiness starting from break-even funding levels depend on
the intercept terms, ,i,/. In the sponsor/claimant model, there are
24 of these intercepts an niany of them have large variances. Thus,
changes in readiness from break-even funding levels are difficult to
calculate and are imprecise.

The preceding section on Predictions for Individual Sponsor/
Claimants points out that 13 of the 24 sponsor/claimants never experi-
enced the level of funding that the model predicts is necessary to
maintain readiness. Thus, even starting at the break-even funding level
implies a prediction outside the observed relationship between fwijding
and readiness. Increasing funding from the break-even level requires an
extrapolation even further beyond the limits of observed behavior.
Starting at the average level of funding in the data, however, means
that predictions at least start from a level of readiness that has been
experienced. One should be wary even in this case, however, of predict-
ing changes in readiness associated with large changes in funding. It
would be desirable to have the computerized version of the model print
warnings when predictions are beyond the limits of the estimation
sample.

Appendix A derives the following results regarding how the model's
coefficients can be interpreted. First, let AR* be the change in
readiness that would result from holding funding constant at its histor-
ical average level (in this case, the average for 1984 through 1986).
For an individual sponsor/claimant, this change in readiness is given by

AR* IS +M.. (3)

Aggregating over all sponscr/claimants, the model in 1I] e .timates
that AR* = -2.5. Then, if funding in period t is changed by x per-
cent from the average level, the resulting change in readiness is given
by

AR AR* + (o.ol.1)x . (4)
t

Since the estimated value of m is 11.7, if funding were increased
by 3 percent over the average level, a change in readiness of -2.5 +
(0.117)3 = -2.1 percentage points would be forecast. As has been
pointed out, it would be preferable to present this result using a
confidence interval rather than a point estimate.

Alternatively, let Fi be the level of funding that is required to
keep readiness constant (see equation 2). This funding level is 23 per-
cent higher than average funding for the model in [1]. Starting from
F*/c, if funding changes by x percent in period t, an individual
sponsor/claimant will have a change in readiness of
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AR i (-o.oi,1 (5)
5/c, t S/C'

Aggregating over all the sponsorclaimants, the model in [1] pre-
dicts that an x-percent change in funding from the break-even level
would cause a 0.14x-percentage point change in readiness. It is diffi-

cult to construct a confidence interval for this result because it is

based on a weighted average of' the 24 sponsor/claimant intercepts.

It is preferable to mat:e forecasts using equation 4 rather than

equation 5 for several reasons. First, in equation 4 it is not neces-
sary to push funding up to tne break-even level and then work backwards.
Second, equation 4 uses the slope that is more likely to be statistical-
ly significant than all the intercept terms required in equation 5.
Third, the computation is easier in equation 4 since only one estimated
coefficient is required rather than 24. This also implies that it is
easier to construct confidence intervals for the fo-ecasts generated Dy

equation 4.

Navywide Versus Sponsor/Claimant Models

Reference [1] reports the results of a model with different inter-
cepts for each sponsor/claimant. This model could be used to allocate
funds among sponsor/claimants, but since the accuracy of the model is so
poor at this level, this action would not be recomnended. When Price
Waterhouse submitted a LOTUS model to the Navy, it was based not on the
sponsor/claimant model, but on a Navywide model. That is, the model nad

been reestimated with just one intercept term. Although no documenta-
tion was made available of thi model, it iz possible to look at the
LOTUS spreadsheet and find th, estimated readiness equation:

F
AR : -15.0 + 11.6 F---tCi tRs/C, t F

S/C, avg

One recommendation ib that the model documented in the report and the
model delivered in the spreadsheet be the same. Furthermore, it is not
clear that the Navywide model used in the spreadsheet is to be preferred
to the sponsor/claimant model in the report.

Although the model is not accurate enough at the sponsor/claimant
level to use the less aggregated results, it is still possible to use
the sponsor/claimant model to make predictions at the Navywide level.
Although the math would be more complicated, predictions could still :e
implemented on a spreadsheet without difficulty. Because the sponsor'
claimant intercepts as a group add significantly to the explanatory
power of the model, it is against standard practice to eliminate these
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intercepts. I That is, a model with individual sponsor/claimant
intercepts would be expected to make more accurate predictions at the
Navywide level than would a model with only one intercept.

Furthermore, the Navywide model in the LOTUS spreadsheet generates
more pessimistic predictions than does the model in the report. The
preceding section on Navywide Readiness Predictions pointed out that the
predictions of the Navywide model seem too pessimistic to be reason-
able. Equations 3 and 6 above imply that the Navywide model estimates
that holding funding constant at 1984 through 1986 averages will cause
readiness to fall by 3.4 percentage points per year. This can be com-
pared to the 2.5 yearly decline estimated by the sponsor/claimant model.
The point estimate of IQ87 readiness if funding were increased by 3 per-
cent over average levels is 68.7 percent using the sponsor/claimant
model. Using the Navywide moael, this falls to 67.9 percent. This
difference would be magnified as predictions are made out to 1994.

Reporting the Results of a Specification Search

The final model reported ir [1 was the result of a lengthy speci-
fication search. That is, many preliminary regressions were run and the
results of these regressions were used to choose a final model. This is
a widely used technique, and some amount of specification search is
virtually unavoidable. The statistics associated with a model arrivej
at by this method, however, must be used with caution. In particular,
the standard errors of the coefficients will be biased and should not be
used in tests of significance. To illustrate using an extreme example,
suppose that one runs 100 different regressions trying to find a statis-
tically significant relationship between funding and readiness. In the
different regressions, different variables are included, different
weighting schemes are used, and different functional forms are used.
Finally, the one combination of all these factors is found that results
in a coefficient on funding that is more than twice as large as its
standard error. heporting only this final regression and claiming that
funding has a statistically significant effect on readiness would be
misleading. Rather. this result and the range of possible coefficients
should be reported.

Price Waterhouse should be commended for describing clearly the
procedure used in their specification search, and for reporting many Jf
their intermediate results. They do, however, base tests of statistical
significance on the standard errors nf the final "d:l .Jtout even
mentioning biases caused by specification search. Several of their
intermediate results make it seem probable that in truth there is not a

1. No test statistic was reported for the joint significance of the
intercept terms. Since 12 of the 24 are individually significant,
however, it is assumed that they are significant as a group. However',
this assumption should be tested.

-13-



statistically significant relationship between funding and readiness.
At the very least, it seems likely that their final model overstates the
effect of funding on readiness.

For example, if the data are weighted by CPV only, rather than by
CPV and the number of units, the results are reportedly "similar but
less significant." One suggested refinement to the estimation method
made in a following section is to choose just one thing to weight by.
Also, exhibit 11-17 ShuwS the results of two models. The first model
measures readiness by the percentage of ratings that are C1 or C2, and
the second model measures readiness by the percentage of CPV that is C'
or C2. The first model is adopted by Price Waterhouse because it shows
a more significant relationship between funding and readiness. it is
suggested in the section on Defining Readiness that follows, however,
that the second measure of readiness nay be preferred. As a final
example, exhibit 11-22 reports the results of adding variables such as
age and usage to the model. Although none of the variables are signifi-
cant, and thus are dropoed, adding them does decrease the magnitude of
the coefficient on funding and its level of significance. It is possi-
ble that omitting these otrer variables causes the importance of funding
changes to be overstated because it is serving as a proxy for omitted
variables.

The point here is that a final model may be chosen because the
investigator is searching for a significant relationship between funaing
and readiness of a certain sign and magnitude. The results of this
final model may say as much about the criteria used in the search as
they do about the true relationship between funding and readiness. For
this reason, the statistics associated with the final model should be
reported with the proper qualifications and used with caution.

SUGGESTED REFINEMENTS OF THE MODEL

The preceding section discussed how the presentation of the exist-
ing Price Waterhouse model could be revised. It is the opinion of the
CNA study team, however, that the existing model could be imptoved.
There are problems both in the handling of the data and in the estima-
tion methods used. This section will discuss these problems and suggest
solutions. A detailed discussion of an alternative model that incorpo-
rates these suggestions is given in appendix B.

Data Problems

Some of the problems with the BASEREP data are insurmountable. The
shortness of the sample period and the subjective nature of the readi-
ne3s ratings cannot be changed. Price Waterhouse has already done a
good job of handling other problems with the data. There are several
problems, however, that are not addressed sufficiently in [l]. First,
the issue of how readiness is to be measured must be decided before any
meaningful model can be developed. Second, some additional independent
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variables are suggested for inclusion in the model. Finally, the
implications of the small sample size for the type of model that shoujd
be estimated are discussed.

Defining Readiness

The purpose of the Price Waterhouse modeling effort is to relate
funding to facility condition readiness. One would like an estimate of
how changes in funding might affect the ability of facilities to fulfill
the requirements placed on them. It is obvious that for the model to be
successful, it must be based on a meaningful measure of readiness.
Whether a measure of readiness is meaningful or not must be decided by
the users of the model. This issue cannot be decided by any statistical
test.

The readiness measure used in the Price Waterhouse model is the
percentage of ratings that are either C1 or C2. For each activity,
ratings are given in all appropriate mission categories. Using the
percentage of C1 and C2 ratings as a measure of readiness gives equal
weight to port operations in Long Beach and fire protection in a Reserve
Center. With this measure of readiness, it is hard to know the gravity
of the decline in readiness depicted in figure 1. It is possible that
the 25 percent of C3 and C4 ratings in 1983 included the most important
missions of the largest installations. On the other hand, the 54 per-
cent of C3 and C4 ratings projected for 1994 could include only the less
important missions in the smaller installations.

Alternative readiness measures would attempt to weight the ratings
by measures of the size and importance of the mission and activity. For
example, the current plant value (CPV) associated with all missions tnat
received C1 or C2 ratings could be totalled. The CPV that is ready
could then be expressed as a percentage of total CPV.1 This is referred
to in the Price Waterhouse report as a CPV-weighted average readiness
rating.

Another possibility for weighting the ratings is to use Shore
Facilities Life Extension Program (SFLEP) priority categories. The
SFLEP assigns high, medium, and low priorities by investment categories.
This weighting could be combined with the CPV weighting to nroduce a
measure that would indicate, for example, what percentage of CPV is
ready in high-priority categories.

Any weighting scheme introduces complications. The reliability of
the CPV numbers in the Navy Facility Assets Data Base (NPADB) has been
questioned by OP-44 and Price Waterhouse. The SFLEP priorities are
assigned to investment categories, which do not correspond perfectly

1. An alternative would be to have commanding officers report readiness
as the percentage of CPV in a certain mission that is C1, C2, C3, or C4.



into the mission categories used in BASEREP. If a model that simply
predicts the percentage of C1 and C2 ratings provides the information
that the Navy needs to allocate MRRP funds, then the complications of
weighted readiness measures can be avoided. If, however, a more sophis-
ticated measure of readiness is required, then these complications must
be addressed.

Price Waterhouse dismisses CPV-weighted average ratings because
they are more variable and result in a poorer fitting model. It is
wrong, however, to decide what measure of readiness to use based on
statistical tests. This question can be decided only on the basis of
what the Navy needs to know to correctly allocate funds. It is
necessarily undesirable to have more variation in a readiness measure.

Suppose that the goal is to allocate funds dependent on the CPV of
sponsor/claimants. Then a CPV-weighted readiness measure is the correct
measure, and moving to the unweighted measure means discarding variation
in readiness that the model does not explain well. The resulting
increase in the goodness of fit and appearance of logic in the mode!
would be entirely spurious.

Before the modeling effort can proceed, the proper measure of
readiness must be decided upon. This decision can be made only by the
people who intend to use the model to make resource-allocation deci-
sions.

Measurement Error

The readiness data collected from 1983 through 1986 are highly
subjective. Facilities are rated by an individual from the particular
facility and approved by the commanding officer. Both the individual
preparing the report and the commanding officer may have incentives to
be biased in reporting readiness. For example, low ratings may be
perceived as a method to justify a request for additional funding. Low
ratings at the beginning of a tour followed by progressively higher
ratings throughout the tour may be an indication of improvement due to
the management of the facility. Further, changes in personnel may have
a significant effect on reported readiness, while actual readiness
remains unchanged.

These effects may cause actual readiness to have a low covariance
with reported readiness. A model relating reported readiness to funding
may be different from a model relating actual readiness to funding. A
possible correction for this problem in the model may be the inclusion
of a variable representing a change in the personnel preparing or
approving the report.

Other effects may also cause actual readiness to be different from
reported readiness. In the earlier years' data, the users of the facil-
ities often did not have input into the rating process. Rather, the
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owners of the facilities were responsible for reporting the readiness or
a facility. The owners could differ from the users of the facility if
the facilities were leased from another organization. In some situa-
tions, the owners did not consult with their tenants in preparing the
readiness reports. This oversight has been ccrrected in the latest
readiness reports, which now require consultation with tenants. The
addition of a variable representing the percent of leased facilities
should be included in the model to determine if the reporting differs
when more facilities are leased.

An increase in the number of missions covered by the reporting
system and the transfer, of facilities between sponsors may cause the
relationship between readiness and funding to change over time. The
total number of reports increased 23 percent from 1984 through 1985 from
1,243 to 1,528. From 1985 through 1986, however, the number of reports
stayed relatively constant, from 1,528 to 1,542. Because it appears
that there may be a different population for 1984 as compared to 1985
and 1986, estimating single parameters that do not change over the years
may not be valid. Similarly, the transfer of facilities from one
sponsor/claimant to another may also cause the estimated parameter to
differ over the years. The magnitude of these effects may be determined
by constructing and estimating the model with a consistent data base
that has the same reports for each sponsor/claimant over all four years.
If this is not possible, the data should be tested, as described in
appendix C, to determine if there are different populations.

Small Sample Size

Current data are provided for four years. When the lagged values
are constructed, only three years of data are available for the estima-
tion process. The Price Waterhouse model estimates a separate coeffi-
cient for each of the sponsor/claimants. Therefore, three observations
are used to estimate these sponsor/'claimant-varying coefficients. The
low accuracy obtained by this process is shown by the relatively high
standard errors reported for these variables. Possible solutions to
this problem are to estimate fewer coefficients by grouping some
sponsor/claimants together or to wait until more data are available.

Estimation Problems

Treatment of Time-Series/Cross-Section Data

Although the Price Waterhouse model in general has the virtue of
simplicity, its treatment of time-series/cross-section effects is
unnecessarily complicated. To illustrate, begin with a simple time-
series/cross-section mode,:

Yi t : a + bx.t + u.i (7)
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1i this model, there are observations for individuals, i, over a series

of time periods, t. Some variable y is assumed to be a linear
function of the independent variable x and a random error u. The

parameters of the model are a and b. In the facility condition

application, the individuals are the sponsor/claimants, y is readi-
ness, and x is funding. Suppose that each sponsor/claimant can be
assumed to have some fixed effect on readiness. That is, due to some
omitted variable such as historical funding levels, or the age of the
facilities, sponsor/claimant i will have a higher level of readiness
than sponsor/claimant j. This difference in readiness is independent

of funding levels and constant over time. In this case, it is appropri-
ate to estimate a model with d different intercept for each sponsor/
claimant:

: a + bxit + u (8)

The model in equation 8 is inappropriate if the fixed sponsor/

claimant effects are believed to be correlated with the independent
variable (for example, if sponsor/claimants who have historically been

underfunded also tend to be underfunded in the current period; also, if
some sponsor/claimants have better facility managers who both keep
readiness higher and succeed in winning higher levels of funding). If

such a correlation is expected, then a first-difference model is common-
ly estimated:

( it -Yi, -l) b(- it - Xj t- ')  + U •i (9)

A variation on the first-difference model would be to use ratios

rather than differences, and to take the ratios relative to the average
over time for the sponsor/claimant:

(Yit/i,avq) = b(xit!Xi,avg) + uit (10)

The model estimated by Price Waterhouse is a combination of the models

given in equations 8, 9, and 10

Ot- Yjt1 a1i + b(x.it/X i~v) it

The model becomes even more complicated when other independent variables
are added to the model, apparently in first-difference form.
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It is recommended that one or another of the standard time-series/
cross-section models be adopted. That is, either sponsor/claimant
intercepts be included, or variables be expressed as differences (or
ratios) from past values (or to average values). Combining the differ-
ent models may produce unexpected statistical results. Furthermore, the
coefficients in their hybrid model are difficult to interpret. The
slope term does not give the change in readiness implied by a certain
change in funding. Rather, it gives the change in the change in readi-
ness when funding is changed from its historical average level.

Specifying a Stock/Flow Problem

In section I1.B.3 on pages 11-28 to JI-32 of [11, there is a dis-
cussion of what Price Waterhouse refers to as level and change models.
The essence of this discussion is whether the true value of A equals
one in the following equation:

R t -A R _1 + I S/C + e (12)
S/C,avg

If the true value of A is one, then it is proper to estimate the
equation with the change in readiness, AR = Rt - Rtil, on the left-haid
side. This is referred to in [1] as a change model. If it cannot be
assumed that the true value of A equals one, then Rti, should remii
on the right-hand side, and A will be a parameter to be estimated.
This is referred to as a level model.

Rather than discussing whether the true value of A equals one,
however, the report begins the discussion by assuming that the true
value is one. There are both theoretical and empirical reasons to
believe, however, that A does not equal one. First, readiness is a
stock, and funding for maintenance and repair is a flow. Readiness is
defined to be the condition of a facility at a certain point in time.
Funding. however, is an amount per unit time, for example, Der year.
Stocks usually depreciate at a certain percentage per year rather than
at a fixed amount as specified by tbe model when it combines the differ-
ence and fixed-effect model. At low levels of readiness, a fixed-amount
decrease in readiness given constant funding may cause readiness to
become negative. A more reasonable assumption would be that readiness
in one year will be some fraction of the previous year's readiness, or
that A < i.

Furthermore, Price Waterhouse provided the study team with some
additional regression results in which Rt_ 1 was nlaced on the right-
hand side. In many o, these regressions, the test of the null hypothe-
sis that A equals one is rejected. In all cases, the estimated value
of A is no greater than one. Thus, there is empirical support for the
theoretical presumption that A is less than one.
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Autocorrelation and Lagged Readiness

After assuming that A equals one, the report goes un to argue
that making lagged readiness an i> uependent variable will create prob-
lems with autocorrelation and errors in variables. Both of these asser-
ticns are incorrect. A model inat uses time-series data very likely
will have autocorrelated errors. This is particularly true when there
are many omitted variables, as there are in the Price Waterhouse model
Autocorrelation is a problem that should have been tested for and cor-
rected. Having lagged readiness as an independent variable would make
these tests and corrections slightly more complicated, but it would not
in itself cause a.ocorrelated errors.

A simil-. argument is put forth regarding errors in variables. Fhe
BASEREP re7 : ness measures are nu; perfect measures of true facility
conditio- veadiness. In other words, the readiness measure suffers from
measur --nt error. _., regression models, measurement error in indepern-
dent ariables posej greater problems than does measurement error in the
de ndent variable. Therefore, Price Waterhouse argues that it is
-. cter to have lagged readiness as a dependent variable.

If the true value of A is not one, however, moving R t_1 to the
left-hand side will not solve measurement-error problems. At best, it
can be thought of as trading errors-in-variables bias for specification-
error bias. Moreover, tnere are methods available to correct for
errors-in-variables problems.

in summary, if the true value of A is not one, then the problems
of autocorrelation and errors in variables cannot be avoided by
estimating a "change" model. Such a model would be a misspecification
of the correct model and will lead to biased parameter estimates. If
A does not equal one, then lagged readiness must be on the right-hand
sise. The problems of autocorrelation and errors in variables cannot be
assumed away, no matter how inconvenient they may be.

Functional Form

The Price Waterhouse model uses a linear functional form. It is
argued that even if the true readiness function is not linear, a linear
relationship can approximate a curve within a limited region. This is
true, but the results of the estimation are not used to predict changes
in readiness within a limited region. For this reason, and because

1. It is not true, however, as Price Waterhouse implies, that
measurement error in the dependent variable creates no problems.
Estimates of coefficients will be unbiased, but estimates of standard
errors using these data will be biased away from the errors of the
actual model. Estimates that would be obtained from using correctly
measured data would be unbiased.
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there are theor'eticai reasons to believe that the relationship between
funding and readiness is not iinear, the CNA study team believes that a

nonlinear functional form should be used. This is an important point

because the linear functional form may be responsible for the model's

overly pessimistic predictions.

The dependent variable in the Price Waterhouse model is the change
in the percentage of ratings that are C1 or C2. This variable must
range between -100 and +100. For this reason, the curve relating fund-
ing to readiness should approach these values asymptotically. Assume
that the true relationship between the change in readiness and funding
is the curve labeled "assumed true relationship" in figure 2. (Appen-
dix B discusses :.;s functional form in more detail.) The curve has the
properties discussec above. The sample that Price Waterhouse uses is
concentrated below tne axis where the change in readiness is zero.
Appendix A in [1I shows that, out of 69 observations in the sample, 36
had a decrease in readiness, 12 had no change, and 21 had an increase.
The scatter of points in figure 2 is a loose representation of the

actual observations on funding and readiness changes in the sample. A
linear approximation of this scattr of points would resemble the line
labeled "estimated relationship" in ^igure 2.
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There are several things to notice about the true and estimated
relationships depicted in figure 2. First, for many values of funding,
the estimated change in readiness lies below the true change. That is,
the estimated relationship would be biased toward making pessimistic
predictions. Second, consider the level of funding necessary to keep
readiness constant. The linear approximation predicts a level, F*,
that is in excess of the true break-even level, F*. Finally, F.
represents a large cut in funding, such as in the out-years of the
President's budget. The predicted decrease in readiness using the
lineai ap.nuximation would be greater than the true decrease in readi-
ness.

If the true relationship between readiness and funding is nonlinear
and a linear relationship is estimated, predictions based on the linear
model will be biased for large changes in funding. In particular, if
the sample heavily represents negative changes in readiness, the break-
even funding level may be overestimated. Predicting changes in readi-
ness related to funding levels that lie within the sample range may
involve some bias. Predictions outside of the sample range are always
unreliable, but will be even more so if an incorrect functional form
that does not have known properties is used.

Use of Weighted Least Squares

In the report, the explanation given for using weighted least
squares is not entirely correct. Although weighted least squares does
give added emphasis to certain observations as stated in [1], it is
important to realize that this is not detrimental to the other observa-
tions and is not the usual reason for using this method of estimation.
Specifically, the estimates obtained by this method are not biased.
Estimates of all values of readiness should be closer to their true
value.

Weighted least squares is the method usually used to correct for,
the unequal variance that may occur across observations. The unequal
variance violates a basic assumption of ordinary least squares. The
correction produces estimates of the parameters of a model that have a
lower variance than ordinary least squares (that is, they are more
exact). Mcreover, the procedure corrects for the biased estimates of
the variance of the parameters produced from least-squares estimation.
The biased estimates of the variances cause incorrect test statistics to
be calculated.

It is not surprising that the variance decreases with the number of'
Unit Identification Codes (UlCs) or CPV. Both are proxies for the toLal
number of ratings. Since each particular rating can take on only ore of
two values (C( and C2 ratings are given one value and C3 and C4 ratings
are given another value), the proportion of positive ratings has a
distribution that is probably very similar to a cumulative binomial
distribution. Therefore, the variance of the proportion of positive
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ratings is inversely proportional to the number of ratings in each
observation. However, the variance is also related to the proportion of
positive ratings. A correction for the change in variance over the
observations caused by this relation should also be performed.

CONCLUSIONS AND RECOMMENDATIONS

The model developed by Price Waterhouse does not produce reasonable
results at the Navywide lpvel and is very inaccurate at the sponsor/
claimant level. For these reasons, the CNA study team recommends tnat
the model not be used in its present form. It is possible that io
useful model can be developed from the existing data due to the data's
subjectivity and variability. However, the study team recommends that
other approaches should be tried before the decision is made on whether
to use a formal model for the allocation of resources.

Based on a review of I1, the CNA study team recommends that the
following tasks be performed:

* The Navy should decide on a definition of readiness that
incorporates a measure of the importance of the different
missions.

* The data for !987 should be tested for compatibility with
the existing data as described in appcndix C and combined
with the existing data if compatibility is confirmed by
the tests.

" The model as specified in appendix B should be estimated,
tested to determine if it is consistent with the theory
on which it is based, have future values forecast, and
have the reasonableness of those forecasts determined.

" Because the sample size is limited, combining some of trc
parameters, especially the dummy variables, should be
explored.

" Throughout the text, but especially in the executive
summary, the variability of the results should be docu-
mented and discussed.

" The report should document the model actualiy delivered
to the Navy in a LOTUS spreadsheet.

" Once a new report is delivered to the Navy, a decision
should be made on whether a formal model is appropriate
given the existing data. If a formal model is not used,
other approaches for allocating resources should be
developed.
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APPENDIX A

INTERPRETING COEFFICIENTS IN THE PRICE WATERHOUSE MODEL

Interpreting the coefficients in the Price Waterhouse model is not
straightforward because of the way the variables are specified. The
model is given by

ARs/c, SC + M(FCS/c IFs/c,avg )

All of the yariables are defined following equation 1 in the text of
this paper. One would like to use the estimated values of the coeffi-
cients to make statements about how readiness will change given a change
in funding. The slope term, M, however, gives the change in the change
in readiness given a change in funding relative to average funding.
This can be expressed as:

A(RSc /c A S/C, A 
cSlC, 

(A-2)

F F
FS/C,avg Fs/C,avg

where ARS/c 0 is the change in readiness in some initial period, and
Fs/C,0 is the level of funding in this initial period.

The coefficients can be interpreted more eaqil, -- t-'' Pundir,g
in the initial period at certain levels. One set of interpretations
arises if F /Co is set equal to the average funding level; another
set arises ii"P' is set equal to the break-even funding level.

INITIAL FUNJDING AT AVERAGE FUNDING LEVELS

Let AR*/C be the predicted change in readiness when funding is
held at average levels. If FS/C,0 = FsIcavg, it follows from equation
A-I that:

AR* [ + M. (A-3)

1. The results in this section hold for a Navywide model as well. The
only differences for the Navywide model are that the sponsor/claimant
intercepts are replaced by a single intercept, I, and there is no
subscript on the change in readiness.
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Using this formula and the coeff'Lcients from equation 4 in

appendix B, table A-! predicts readiness in 1987. For thesc predictions
it is assumed that base readiness is at 1986 levels and that 1987 fund-
ing equals the average of 1984 through 1986 funding. Predicted readi-
ness in 1987 would fall to 67.7 percent, or by 2.5 percentage points
from the 1986 level of 70.2 percent. For the Navywide estimated model
given by equation 6 in the text, equation A-3 would predict a decrease
in readiness of 3.4 percent with average funding.

Now suppose that funding begins at the average level and is then
changed by x percent in the next period. Equation A-2 would reduce
to:

ARs/c t - (rs/c + M)
M - / 1t'S/C (A-4)

1.Olx - 1

Solving for the change in readiness results in:

AR I (1. Ox)M = ,R*, + (O.O1 )x . (A-5)
S"Cr 311C +S C

Holding funding at average levels would result in an estimated
2.5-percentage-point decline in readiness each year. The slope, 'f,
tells how this decline would be modified if funding were changed from
the average level. In particular, an x-percent change in funding would
cause a (O.OM)x-percentage-poin change in the estimated decline in
readiness. For example, when M = 11.7, a 3-percent increase in funding
from average levels would cause the decline in readiness to be 0.4 per-
centage points less than -2.5 percent. Thus, the model would predict a
2.1-percent decline.

INITIAL FUNDING AT BREAK-EVEN FUNDING LEVELS

Let F* be the level of funding such that ARS/Ct 0 0. From
equation A- ,Cit follows that:

F* = -I 14/M)Fs/c~a 9  (A-6)

Suppose that initial funding and readiness in equation A-2 are set at
these levels, and then funding is increased by x percent. Equation A-2
becomes:

ARs/c, - 0

-[1 + o.olx)TrS/Ch/,4) - (r (A7)
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TABLE A-1

CHANGE IN READINESS AT AVERAGE FUNDING LEVELS

Predicted

Actual Predicted Number number
readiness readiness of of ready

Claimant Sponsor in 19 86a 
b  in 198 7C ratingsd ratingse

11 1 82.8 -0.7 82.1 29 23.8
11 10 64.3 2.3 66.6 14 9.3
18 27 86.0 -2.9 83.1 150 124.7
23 4 84.3 -0.7 83.6 51 42.6
25 4 60.9 -6.6 54.3 46 25.0
30 2 100.0 0.9 100.0 21 21.0
60 1 72.7 -20.5 52.2 22 11.5
60 2 59.1 -3.1 56.0 22 12.3
60 3 75.0 -0.2 74.8 108 80.8
60 5 57.3 -5.6 51.7 171 88.4
60 16 100.0 9.0 100.0 16 16.0
61 2 85.7 1.2 86.9 21 !8.2
61 3 60.0 -1.0 59.0 15 8.9
61 4 47.1 -8.5 38.6 17 6.6
61 5 89.6 4.3 93.8 48 45.f-
62 1 52.5 -0.7 51.8 59 30.6
62 5 65.0 0.4 65.4 120 78.5
62 16 40.0 -16.8 23.2 10 2.3
70 2 73.9 -6.1 67.8 46 31.2
70 3 61.8 -2.7 59.1 110 65.0
70 4 73.8 1.4 75.3 88 66.3
70 5 66.2 -3.4 62.8 213 133.3
72 4 46.7 -13.5 33.2 15 5.0
72 5 75.4 -0.4 75.0 130 97.5

Navywide 70.2 -2.5 67.7 1,542 1,044.3

a. Actual readiness in 1986 and thenumber of ratings in 1986 are taken
from appendix A of the Price Waterhouse report.

b. The predicted change in readiness at average funding levels, AR-,
equals [,/ , M. These values are taken from equation 4 in
appendix of the Price Waterhouse report.

c. Predicted readiness in 1987 is the sum of actual 1986 readiness and
AR*.

d. The predicted number of ready ratings is the percentage of predicted
1987 readiness times the number of ratings.

e. The Navywide forecasts are determined as follows: predicted
percentage readiness in 1987 is tne total predicted ready ratings,
1,044.2, as a percent of total ratings, 1,542; AR* is predicted
1987 readiness, 67.7, from the 1986 readiness, 70.2.
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Solving for the change in readiness results in:

AR SiC t = (-0.011 S)x (A-8)

Starting from the break-even funding level, then, the change in
readiness does not depend on the slope but rather on the intercept
terms. For the sponsor/claimant model, the Navywiue change in readiness
would be a function of all 24 sponsor/claimant intercepts. A weigntej
average of the estimated intercepts from the Price Waterhouse model is
-14.0. The weights used tor this calculation were the number of ratings
for each sponsor/claimant. Using this result, a 10-percent fall in
funding from the break-even level would cause a 1.4-percentage-point
decline in readiness. In the Navywide model, where the estimated val~t
of the intercept is -15.0, the same decrease in funding would be pre-
dicted to cause a 1.5-percentage-point decline in readiness.
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APPENDIX B

AN ALTERNATIVE READINESS MODEL

In developing an analytic model that relates MRRP and MILCON
resources to shore base facility condition readiness, it is important to
develop a model that is based on a priori knowledge and economic theory
relevant to the relationship. There are many reasons why this is impor-
tant (see [B-1], chapter 2.) For example, if readiness is defined to be
the percent of missions that are ready, then the relationship cannot be
less than zero or greater than one. For small changes in the variables,
a simple linear relationship would not present problems in estimating
the relationship given the zero/one restriction. However, with large
variations, as are seen in the readiness data, assuming a linear rela-
tionship with the zero/one restriction can cause substantial errors in
the estimated relationship and forecasts for values outside of the
sample.

This section develops a model of shore base facility condition
readiness as a function of funding and other. variables considering the
economic theory and a priori knowledge about the relationship. The
development is based on [B-21 and [B-31.

The interest in this study is in whether a particular physical
facility is "ready", that is, able to carry out its mission. Readiness
is, therefore, dependent on the physical condition of that facijity.
The physical condition can be measured by the total plant value of that
facility. With respect to total plant value, the economics' literature
in investment theory has developed models to explain how facilities
deteriorate and are improved over time through operation and maintenance
expenditures or through further investment. Such models can be applied
here.

Following investment theory, tre total plant value (TPV) for a
sponsor/claimant S/C in period t is a function of the total plant
value at the end of the last period( the depreciation2 that has occurred

1. The total plant value (TPV) of tne facility is defined as the value
of the facility to the Navy, similar to the value of physical capital in
the private sector. TPV is not the same as CPV, as currently measured,
as CPV does not take into account depreciation of the facility. In tne
private sector, the market places a value on physical capital; however,
here the Navy must decide on the value. Since this variable is
eliminated before the estimation process, it does not need to be
measured.
2. Depreciation is defined as the actual physical deterioration of the
facility. The measure of readiness used in this analysis is a measure
of the condition of the facility and not the ability of the facility to
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in the total plant value in the last perind, and the new funding (Fund)
for investment in improving the facility during the period. The
parameters may differ across sponsor/claimants. Therefore, the param-
eters may be subscripted by S/c o refer to the particular sponsor'
claimant pair to which they apply. The relationship for the total
plant value is given in the following equation:

TPs/c, t s TPVsIc, t_1 - a' CTPVsic, t_1 # bFunds/c, t + S/C, t

Readiness is dependent not on the absolute total plant value,
howe er. but rather on tne relative value to the original construction
cost (OCC) of the facility. The TPV at any given period of time may be
greater than or less than OCC, dependent on the level of maintenance and
depreciation, or even negative if the facility needs to be demolished.
Therefore, the ratio is not limited to range between zero and one.

Further, there are other variaoles that may influence the reported
value of readiness. An important factor may be the commanding officer
of the facility or the survey respondent. The reporting of readiness,
especially in the past, has been very subjective. A change in the
individual making the subjective judgments may have a significant effect
on the reported value of readiness.

Since the definition of readiness used here constrains the values
it may obtain to be between zero and one, a linear form is not appropri-
ate for large changes. A logistic functional form is assumed. The form
is an s-shaped curve with an upper and lower asymptote as depicted in
figure B-i. As the function approaches the lower asymptote, a greater
reduction in the independent variable is needed for a given reduction in
the dependent variable. Conversely, as the function approaches the

meet its mission. Similarly, the measure of funding is for maintenance
of the facility rather than expansion of the facility or for updating
the facility for new missions. Therefore, other traditional definitions
of depreciation that may also involve obsolescence are not applicable.
The rate of depreciation may be dependent on the usage of the facility
and its age. The estimation of a model incorporating this dependence is
difficult (see [B-41).
1. In the following development of the model, it will be assumed that
the depreciation term a will vary across sponsor/claimant pairs since
it may vary with the usage of the facility and its age. Due to a
limited sample size, not all parameters can vary. Whether a particUlir
parameter varies across soonsor/claimants should be statistically
tested.
2. The current plant value (CPV), as measured by the Navy, is almost
identical to the definition of OCC used in this paper. Therefore, CPV
can be used in the estimation process for OCC.
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upper asymptote, a greater increase in the independent variable is
needed for a given increase in the dependent variable. The general form
of the logistic function is given in equation B-2. If u is greater
than s in equation B-2, then the upper asymptote is u and the lower
asymptote is s:

in Y S V + wX (B-2)
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FIG. B-1: LOGISTIC FUNCTIONAL FORM
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The logistic form is ideilly suited for a functional form relating
readiness to other variaoles. Since the readiness measure was con-
structed to range only between zero and one, the lower asymptote, s,
should be constrained to have a value of zero, and the upper asymptote,
u, should be constrained to have a value of one. Parameters represented
by w (w could be a vector of parameters and x a matrix of vari-
ables) determine the response of the logistic form of readiness to
changes in the independent variables. Due to the form of the function,
as readiness approaches one, larger increases in the independent vari-
ables are needed to obtain a given incremental increase in readiness.
Conversely, as readiness becomes close to zero, larger reductions in the
independent variables arc needed to decrease readiness by a given
amount.

As in the total plant value equation, the parameters in the readi-
ness relationship may differ. Therefore, the parameters may be sub-
scripted by S/C to refer to the particular sponsor/claimant pair to
which they apply. Equation B-3 specifies the assumed relationship
between readiness and the independent variables consisting of the ratio
between TPV and CCC, and a dummy variable representing personnel changes
(DPC):

RSC TPVs/~

In - R- -/---t c + d+P /~ fDPC r .(B31 - R S/C,t OCC + S/C,t

Equations B-1 and B-3 form a recursive system in that equation B-i
does not contain more than one dependent variable that is in equation
B-3, and there is no correlation between the error terms in the two
equations. Substituting equation B-I into equation B-3 and eliminating
the total plant value variable by subtracting lagged logistic readiness,
yields equation B-4:

I RS/C--- = ca (1 - a n SCt-1 db FundI - R S/C't s/C + -R C C S/Ct-I + 05 / c  s/ct

+ f(DPCS1.C - [I -'a IDPC/ ) + nIC~ . (B-4)

The error term, nS/C,t, in equation B-4 can be expressed in terms of
the error terms in equatiors B-I and B-3 as:

!d e +r (B-5)S/C,t OCC S/Ct .Sict-1

1. Other functional forms are possible, but the logit formulation is 'he
most commonly used function relating percentages to other variables.
For a generalization of this form, see (B-5I and [B-61.
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Since the new error term is a linear combination of the other terms, it
the Previous te-ms were nonmally diRtrih,0-ed i itk mean ?ero, theii th
error term in equation B-4 is normally distributed with mean zero.
However, since the error term in equation B-4 contains a lagged error
term from equation B-3, there may be autocorrelation of error terms in
equation B-4.

Procedures for Estimating the Model

Estimation of the model is not straightforward because of the
constraints on the parameters in the model. The estimation procedure
involves construction of the variables; estimation; testing of the
assumptions, constraints and error structure; and, reestimation correct--
ing for the identified problems. The procedure is described as follows.

Construction of the Variables

Most of the variables in the model have been constructed for use ir
previous models. The only exceptions are the logistic form for readi-
ness and lagged readiness and the dummy variable for personnel changes.

The particular form of the personnel dummy must be explored. The
nominal definition would be that the variable takes on the value one rKr
a particular commanding officer and the value zero otherwise. However',
some sponsor/claimant pairs may consist of more than one facility and
would have more than one commanding officer. The precise form of the
dummy variable should be determined empirically. One alternative may be
that the dummy variable would take on tne value one for a group of
commanding officers and the value zero otherwise. Another alternative
may be that the dummy variable could represent a metric such as the
percent of missions whose commanding officers remain the same.

Estimation

Initial estimation of the model will assume that there is no auto-
correlation between error terms. This assumption simplifies the estima-
tion procedure considerably and allows a test to be conducted to deter-
mine if the correlation is strong enough to warrant correction of the
problem.

The equation that will be estimated, equation B-4, is repeated here
for reference:

R S/CRt S/CI -I
In- ca + (I 'In + d Fund

S- RS/C,t  , I - Rs/cti OCCS/C s,'Ct

+ f(DPCSC, - - Js,cjDPCsIc t_) + nSC, ' B-14)
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Although it may appear tha'l there are a large number, or parameters,
closer inspection reveals that restrictions on the parameters limit
their number. A suggested method to estimate the model i3 t" ;-",2
...... IW proccs Aa,,, iAS (dee tB-7]). However, rather than estimating
equation B-4, equation B-6 should be estimated using the RESTRICT
statement to specify that as/C 9S/C = hS/C"

1n R c g ) R S/Ct- db FundRSC' : g gc)lnl _S/C,t _ __

in1 - RCS/C t  CSC + O00S/C 5 (Lt

+ f(DPC S/C, - l1 - hS/cIDPCS/c,?_I] + aS/Ct (b-6

The advantage of this method is that the test statistic for testlng
whether the restrictions are valid are printed, and the tests, as
described in the SAS manual [B-7], are straightforward.

Testing of Constraints and Error Structure

After the initial estimation of the model, the assumptions and
constraints of the model should be tested to determine if they are
valid. The tests of as/; = 9SiC = h VC, as mentioned previously, wouid
determine if the restrictions are valid. Tests of aS 510  asic (for
i 4 j) would determine if depreciation of the facilities is the same
over all sponsor/claimants. Using one depreciation rate would consider-
ably simplify the model. Finally, tests should be performed on other
parameters to determine if they should vary across sponsor/claimants
rather than asC.

The errors from the estimation process should be checked for heter-
oskedasticity and autocorreltion. Logistic functions inherently pro-
duce heteroskedastic errors. However, this may be counteracted by
other sources of heteroskodasticity in the opposite direction. The
errors should be graphed to determine the degree and direction of heter-
oskedasticity. Since the model has lagged dependent variables and has
cross sectional data, the Durbin-Watson statistic printed by SAS is not
valid. Reference [B-81 describes t~e test statistic applicable to this
case.

Reestimation

Once the appropriate assumptions, constraints, and error structure
are identified, the model should be reestimated reflecting this knowl-
edge. If heteroskedasticity is present, the problem should be correct-
ed, as in the previous paper, by weighted estimation.

1. Reference [B-i] shows the exact form of the heteroskedasticity and
the proper correction.
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The correction for serial correlation is more difficult. The
method is described on pages 192 and 62 of [B-7]. Missing value oose.-
vations should be inserted between sponsor/claimant time-series grnin-

" l ,.iue. crosoung over different sponsor/claimants.
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APPENDIX C

TESTS FOR INTEGRATING NEW AND OLD BASEREP DATA

In the BASEREP system, snore facility readiness is reported annual-
ly for most of the Navy'z shore bases. Reporting is at the activity
level, and iithin each activity ratings are given in up to 23 mission

categories. In 1986, there were 1,542 ratings in the Price Waterhouse
data set. The ratings consist of four readiness levels--Cl, C2, C3, and

C4--that indicate whether the facilities have fully, substantially,

marginally, or not met the demands placed on them.

From 1982 until 1986, the activity commander, or his representa-

tive, would assign readiness ratings subjectively. A new reporting

system was adopted for the 1987-ratings. There are a number of changes
in the instructions for the new BASEREP system. the most important of

which are revisions that make the ratings more objective. Under the new

system, the person doing the rating fills out a worksheet for each
mission. The worksheet gives a number of criteria and assigns a level

of 1 to 4 based on how well that criteria has been met. An overall
rating is assigned by choosing the lowest level, if that level appears

more than once, or the next-to-lowest level, if the lowest level appears

ornly onc.

For example, for aircraft operations, there are eight criteria.

One asks for what percentage of days during the year were required air
operations curtailed because of the condition of runways, taxiways,

arresting gear, or parking areas. A level of one is given if the per-

centage is no greater than 10; a level of four is given if the percenc-

age exceeds 40.

BASEREP data for a substantial number of bases have been in exis-

tence only since 1983. It is useful to have observations over several

time periods for each sponsor/claimant to estimate the relationship
between funding and readiness. It is therefore tempting to combine tre
old and new BASEREP ratings into one time series. The CNP study team

believes, however, that combining the two data series should be done
cautiously if at all. There are enough differences in the way the
ratings are assigned that one cannot assume that the two me3sures of

readiness are equivalent. Some statistical tests are described below

that will reveal gross discrepancies between the two measures. Even if
these tests show no statistically significant differences between the
old and new ratings, the two data sets should still be combined only
with caution.

1. The number of mission categories increases from 23 to 28 under the
new BASEREP instruction.
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Two broad types of statistLcal tests for the consistency of old dno
new ratings are available. The first type of test would make use of tne
model relating funding to readiness to see whether model parameters
estimated using the old data are still appropriate given the new data.
The usefulness of this type of test is limited by the amount of data
available and the imprecision of' the facility condition readiness model.
The second type of test is more general and probably more useful in tris
application. Tests of this type involve only the readiness data and
test wnether the old and new data samples are likely to have been drawn
from the same underlying population.

TESTS USING THE FACILITY CONDITION READINESS MODEL

The simplest test would be to reestimate the model using the o1
data set plus the 1987 data. A dummy variable could be included that is
set equal to zero for all observations except those with 1987 data. If
the coefficient on this shift variable is significantly different from
zero, then there is a shift in the relationship between funding and
readiness. A negative coefficient, for example, would be evidence that
vith funding held constant, measured readiness is lower in 1987 than irJ

previous years.

The proolem with this test is that it tests for only one specifi,:
change in the measure of readiness. That is, it tests whether there zs
a constant shift in measured readiness over all sponsor/claimants that
is independent of the level of funding. The presence of this shift
would not be evidence that there are no other changes in the readiness
measure. Thus, one would not be justified in including the dummy vari-
able and assuming that the problem had been solved. On the other hand,
if there is no such shift, one is again unable to conclude that there
has been no change in measured readiness.

A more general version of this test would allow all the parameters
of the model to vary between the 1983 through 1986 period and the 1987
period. This test could not be performed for a model that included
sponsor/claimant intercepts, however, because there would be insuffi-
cient degrees of freedom.

Another possibility would be to perform out-of-sample tests of the
model simiiar to those done in section II.C.3 of the Price Waterhouse
report. For such tests, the model estimated using 1983 through 1986
data would be used to predict 1987 readiness given 1987 funding levels.
The resulting predictions would then be compared to actual 1987 readi-
ness. Statistics such as the root mean squared error (RMSE) or the mean
absolute error (MAE) could then be calculated. If the prediction errors
were large, then it could be concluded that the new data are not consis-
tent with the model estimated using the old data.

The lack of precision in the readiness model makes thi3 approach
difficult. The section on Out-of-Sample Results in this paper points
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out that the Price Waterhouse mooei coes riot perform well on out-of-
sample tests even within the 1983 through 1986 period. The model does
not ma 'e accurate predictions of movements in the old readiness measure.
it is not clear how much worse its predictions of the new readiness
measure would have to be to conclude that the two measures are inconsis-
tent. The RMSE for 1987 could be compared to the RMSEs for 1983 throagn
1986. If the 1987 error is much larger, then there would be reason to
believe that the 1987 data should not be combined with the earlier data.

The advantage of tests using the facilities condition readiness
model is that they control for changes in readiness explained by vari-
ables in the model. Unfortunately, for a sponsor/claimant model, there
is not enough new data to make general tests possible for structural
shifts in the model's parameters. Also, tests that compare predicted to
actual readiness are problematical because of the low predictive power
of the model.

TESTS USING THE READINESS DATA

More general tests would compare only the new and old readiness
data, without reference to the readiness model. These tests are more
general and perhaps more reliable given the quality of the readiness
model. On the other hand, cnanges in actual readiness caused by changes
in funding cannot be distinguished from changes in measured readiness.
Both parametric and nonparametric tests are described in this section.
Also, the type of test that is used would depend on the level of aggre-
gation of the data.

A Nonparametric Test Using Disaggregated Data

At the lcwest level of aggregation, each mission within an activity
has a readiness measure of C', C2, C3, or C4. Since this is an ordinal
measure, it does not make sense to compute mean levels of readiness
across all ratings and compare them between 1986 and 1987. There is,
however, a nonparametric test of whether ratings tend to remain about
the s~me between 1986 and '987. This test is referred to as the sign
test.

For the sign test, the readiness ratings in 1986 and 1987 are com-
pared for each individual mission in each activity. If the 1987 rating
is higher, a positive sign is assigned; if the 1987 rating is lower, a
negative sign is assigned. If the ratings are the same, the pair is
discarded and the sample size is reduced. A test statistic is computed
by counting the number of positive signs, S, and the number of missions
in which readiness did not remain constant, n. The test statistic !'r
the null hypothesis that 1987 ratings are just as likely to be belu" is

1. See Gouri K. Bhattacharyya and Richard A. Johnson, Statistical
Concepts and Methods (New Yok: John Wiley & Sons, 1977), pp. 516-19.
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above 1986 ratings, or- that the probability of a positive sign is 0.5,
is given by

S - n/2
/ 77

For large samples (for example, n above 30), this test statistic
has a standard normal distribution under the null hypothesis. A two-
tailed test should be performed, since there is no reason to believe
that the difference between the new and old ratings would be either
positive or negative.

The test can be improved by comparing the test statistic for 1986
versus 1987 to similar statistics for 1985 versus 1986 and for other
pairs of years. The test statistics for the earlier years would give
base values for now much change to expect in the readiness ratings from
year to year. If the 1986 versus 1987 test statistics are much larger
than the others, then there would be reason to believe that the 1987
data are different. A qualification is that there may have been a
change in actual readiness levels between 1986 and 1987. The sign test
cannot distinguish between changes in actual readiness and changes in
the measure of readiness.

Tests on Aggregated Data

i1 the readiness data are aggregated above the individual mission
level, then other tests can be used. One measure that is frequently
used is the percentage of ratings that are either C1 or C2. This per-
centage can be calculated over all the ratings for an activity, or
sponsor/claimant, or the entire Navy. In general, there will be more
information contained in statitics calcula J with tess aggregated
data. With the readiness ratings translated into a cardinal measure,
however, a broader range of' tests is available.

A nonparametric test that is similar to the sign test but also
takes into account the relative maguitude of differences between 1986
and 1987 ratings is the Wilcoxon signed-rank test.1 Parametric tests
would include calculating correlation coefficients between 1986 and 1987
readiness measures and testing the equality of sample means and vari-
ances. if these tests show no significant difference between measureJ
readiness in 1986 and 1987, it lends some support to combining the data

series. There is no test, however, that can prove conciusively that the
new and old readiness measures are equivalent.

1. Ibid., pp. 512-23.
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