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MILITARY CONSTRUCTION SUPERVISION
AND ADMINISTRATIVE COST FORECASTS

1 InTRODUCT!ION

Background

Every year, the Directorate of Military Construction
(DMC). Office of the Chief of Engineers (OCE), estab-
lishes annual limits tor each Corps of Engineers Divi-
ston/District’s supervision and administration (S&A)
costs tor military construction. These limits, which are
expressed as a percent of the dollar value of the estima-
ted work placement (EWP), are currently established
using an empirical procedure based on the Division/Dis-
trict’s performance in the previous 4 to 5 years and the
EWP tor the next fiscal year.

Objective

I'he objective of this work was to develop a statisti-
cal model for forecasting S&A costs to aid DMC in es-
tablishing S&A limits for cach military construction
Division and District. The model was to be formulated
so that easily obtainable data could be used to forecast
future S&A costs.

Approach

Available data on the variables thought to affect
S&A costs were reviewed. A model was formulated
based on these variables, and regression analysis was
used to fit the model to the data. The predictive capa-
bility of the model as a tunction of the number of
years of data used in its development was investigated.
The fit of the model was checked, and its capability to
accurately forecast S&A rates was determined using a
retrospective test. The model was then used to predict
S&A costs and rates of 11 military construction Divi-
ston/Districts tor FY77 and FY78.

2 DATA REVIEW

S&A costs for FY63 through FY76 were collected
from the “OCE Program Review and Analysis: Division
and District Performance Data™ report for the follow-
ing 14 military construction Division/Districts:

-
/

a. Alaska District

b. Baltimore District

¢. Fort Worth District

d. Huntsville Division

e. Kansas City District

. Los Angeles District
g. Mediterranean Division
h. Mobile District

i. New York District

j. Nortolk District

K. Omaha District

I. Pacific Ocean Division

m. Sacramenio District

=

n. Savannah District
Appendix A presents the raw data.

The Huntsville Division was eliminated from consid-
eration because insufficient data were available. The
Mediterranean Division was also eliminated because the
recent Saudi Arabian Government workload has invali-
dated the historical data. Sufficient data tor analysis
were available for the remaining 12 Division/Districts,
although some adjustments were required. The New
York District data were adjusted to include the oftshore
work done from FY66 through FY71.

The Baltimore and Norfolk Districts were consolida-
ted during the period FY71 through FY73 and the to-
tal workload was reported by Baltimore. Similarly . the
Omaha and Kansas City Districts were consolidated
during the period FY71 through FY75, and the total
workload was reported by Omaha. For the purpose ol
data analysis, the data for each of these pairs of Dis-
tricts was adjusted to reflect the proportion of the
total work that would have been placed by each Dis-
trict had the consolidation not taken place. Appendix
B presents these adjustments.




3 MODEL FORMULATION AND ANALYSIS

Based on the mitial data review and the detailed
tormulation procedure described in Military Construc-
tion Engineering and Design Cost Forecasts,! the rela-
tionship between S&A costs tor a particular Division/
District, estimated work placement, and time was pos-
tulated as:

Si=bgi + byW; + b T + bW, T [Eq 1)

where S; = predicted S&A costs for the i## Division/
District (millions of dollars)

W; = estimated work placement for the i## Divi-
sion/District (millions of dollars)

T = time period (FY63=0,FY64=1...)

boi. bji. boj. by = coefficients for the ith Division/
District.

I'he S&A rate (P;) is defined as:
P;= 100 X S;/W [Eq 2]

Because of the limited amount of data available for
individual Divisions/Districts, the possibility of com-
bining data tfrom some or all of the Districts based on
similar S&A cost performance was investigated. It was
found that the prediction limits did not improve signit-
cantly as a result of this pooling (Appendix (). There-
fore, none ot the Division/Districts were pooled.

Due to the increasing level of work placement in re-
cent vears, the carlier data may not reflect the current
performance of  the Divisions/Districts. A test was
made to determine the effect of deleting earlier data
and using only a fixed number of the most recent years’
data. 1t was found that using 12 years of data provided
significantly better predictions than 13 years, while us-
ing less than 12 vears of data did not significantly im-
prove the predictions. (Appendix C details this analy-
sis.) Henee. 12 years of data were used for model devel-
opment.

When regressed against FYo6S through FY76 data,
the postulated model provided a good fit for 11 of the

IM. J. O'Connor. G. ). Brown, and 1. R. DeCardy, Military
Construction Engineering and Design Cost Forecasts, Techmcal
Report P-77/ADA035262 (U S Army Construction Fngineer-
ing Laboratory [CERL], 1976)

Division/Districts. explaining 72.8 to 98.2 percent of

the variance of the data (Table 1). The model did not
fit the data for the New York District: it explained on-
ly 37.0 percent of the variation within the original data
due to the concentration of all the work placement for
New York within a very narrow dollar range. The large
standard errors for the Omaha District and Pacific Ocean
Division caused their prediction limits to be very wide.
Omaha District’s large standard error is partially ex-
plained by the large increase in work placement for
FY76. In the case of Pacitic Ocean Division, however,
the large standard error is an inherent part of the pro-
cess. As Table 1 shows, the model for Pacific Ocean
Division is changing every year. Due to this erratic be-
havior, the Pacific Ocean Division was eliminated from
turther consideration.

4 MODEL VERIFICATION AND RESULTS

Verification

The validity of a forecasting model is determined by
its capability to predict future performance. A system-
atic approach to verifying the model is to conduct a
retrospective test. Since the current year’s data may
not be available when the next year's S&A limits must
be established, the model may be required to predict
performance 2 years in the future. The model’s capabil-
ity to predict both 1 and 2 years ahead was therefore
tested. The retrospective test was conducted by com-
paring the actual FY76 S&A costs to the FY76 costs
predicted by the model developed trom FYo3 through
FY74 data (a 2-year-ahead prediction),and to the FY70
costs predicted by the model develope ' from FYo64d
through FY75 data (a 1-year-ahead prediction). Table
2 presents the results.

In three cases. the actual S&A costs were not con-

tained within the 95 percent prediction limits. Two of

these cases were the 2-year-ahead predictions for Balti-
more and New York Districts. In both of these cases,
the I-year-ahead predictions did contain the actual
S&A cost within the 95 percent prediction limits. In
the third case, Omaha District’s actual S&A cost for
the [-year-ahead prediction was below the lower pre-
diction limit. This is probably due to the large increase
(89.8 percent) in work placement for Omaha District
in FY76. 1t appears that Omaha District was suddenly
tasked with more work than it had capabilities to han-

dle. resulting i the low value for actual S&A cost.
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Division District

Alaska

Baltimore

Lort Worth

Kansas City

Los Angeles

Mobite

New York

Nortolk

Omaha

Pacific Ocean

Sacramento

Savannah

Fiscal Year
Data

6374
64-75
65-76

63-74
64-75
65-76

63-74
64-75
65-76

63-74
64-75
65-76

63-74
64-75
65-76

63-74
64-75
65-76

63-74
64-75
65-76

63-74
64-75
65-76

63-74
64-75
65-76

63-74
64-75
65-76

63-74
64-75
65-76

63-74
64-75
65-76

1

ho

789

592
647

499
584
450

LI
32
179

033
051
itz

201

118
123

514
0851
221

270
341
931

132

407

691

539
644
059

257

129
994

487

ol

309

154

608
826

Table 1
Regression Results
S=bg+tbW+boT+bz;WT

/vl

0475
0456

0354

0369
0372
{0388

0138
0130
0113

0375
391
0387

0508
0442
0432

0579
0222

0600
0342
0257

0349
0716

0484

0514
0367

0506
0426
0374

*S = Standard error of the estimate.

bo

148

139
114

119
125
146

089
080
074

101
A7

039
140

047
103
109

419
056
736
049
043

A28

by

00562

00375
00372

00156

00192
00360

00187

D362
00450
00230

00676

01076

00417
00187
00169

S*

(million $) R2**

161
184
178

268
247
273

101
(183

109
33
131

225
329
440

S14
595
Sel

125
129
119

163
183
Qi

#*R 2 = Percent of variance of original data explained by the model,

T06

604
765

945
982
982

909
938
952

815§
801
794

942
926
915

978
972
971

864

835

947
950
950

936
897
914

877
902
961

903

807
728
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A measure of the preciston of the prediction for
Omaha District can be obtamed from Table 2 by tak-
ing the percent absolute deviation between the actual
and predicted S&A cost. This gives a 40.2 percent devi-
ation for Omaha District. This measure can be applied
to all the Districts in Table 2. The results. which are
presented in Table C2 under the column for 12 years of
data, give an average absolute deviation of 13.54 per-
cent between actual and predicted S&A costs, with a
range of 0.3 to 40.2 percent. This implies that there
was. on the average. a 13.54 percent difference be-
tween the S&A costs predicted by the model and the
actual S&A costs for FY76. It is important to note that
because no adjustments were made to the model pre-
dictions, this is a worst-case situation.

This verification demonstrates two important con-
cepts: (1) the 2-year-ahead predictions should be up-
dated by the l-year-ahead predictions if possible, and
(2) the user must be aware of the applicable range of
the model.

Results

Figures 1 through 11 show the FY 77 and FY78
prediction equations and graphs for the 10 districts tor
which the model provided a good fit, as well as New
York District (for reference only). The prediction lim-
its indicate the accuracy of the prediction. The tollow-
ing example indicates how they are interpreted. For
Baltimore District (Figure 2a), if the estimator assumes
an estimated work placement of $90 million in FY77.
he/she can be 95 percent confident that the actual
S&A cost will be between $3.80 million and $5.27 mil-
lion. Equivalently, he/she can be 95 percent confident
that the actual S&A rate will be between 4.23 and
5.86 percent.

The graphs have been plotted over a reasonable
range of estimated work placement for each District.
since excessive extrapolation in either direction is risky.
For example, New York District, which has been super-
vising an average of $30 to $40 million of work place-
ment each year, would not be expected to perform in
the same manner if it were suddenly tasked with super-
vising $150 million of work placement per year.

Table 2
Retrospective Test Results for FY76*

i-Year-Ahead Prediction 2-Year-Ahead Prediction

Actual Predicted Lower Upper Predicted Lower Upper
S&A S&A Prediction Prediction S&A Prediction  Prediction
Division/District Cost Cost Limit Limit Cost Limit Limit

Alaska 2.336 2412 1.858 2.967 2,663 1.936 3.391
Baltimore 5.040 4.603 3.945 5.260 3.996 3.275 4.716
Fort Worth 4930 4.098 5.761 4932 4.010 5.853
Kansas City A2 R IT 1.583 2.011 1.822 1.610 2.034
Los Angeles & 1.042 0.496 1.588 0.969 0.434 1.504
Mobile .3 4.671 3.957 5.385 3922 3.102 4.741
New York 2 1.688 Leh9il ! 1.067 2.004

Norfolk 2. 2.563 1.892 2 1.762 3.008

Omaha > 10.099 7.844 2 6.887 10.729

Sacramento 3.2 3.699 3.105 : 3.5 2910 4.129

Savannah 2.563 1.963 0.182 2.708

*Costs in millions of dollars.
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5 MODEL USE AND MAINTENANCE

Model Use

The model can be used to predict the performance
of a particutar Division/District based on its past per-
formance.

An estimated S&A cost tor each Division/District
can be calculated by substituting the estimated work
placement, the appropriate time period (FY77 = 14,
FY78 = 15, etc.), and the coefficients from Table 1
(FY65S through FY76 data) into the gereral prediction
equation. The S&A rate is calculated by dividing the
S&A cost by the estimated work placement and multi-
plying by 100. In Figures 1 through 11, the value of
time is already accounted for and combined with the
constant term. Similarly, the cross product term is
combined with the estimated work placement term:
therefore, only an estimated work placement is re-
quired. For example, Mobile District’s prediction equa-
tion is:

S=1221+.0432 (W) - .117 (T)

Asstining estimated work placement for FY77 at $100
million,

S=1.221+.0432¢100)* 117 (14)**

Therefore,
S = $3.90 million
$3.90
$100

and P= X 106 = 3.90 percent

Based on this value of expected actual performance,
the established limit may be set according to the cur-
rent management policy for the District.

I'he S&A limits established by DMC may or may
not be equal to the predicted rate. DMC could use the
model to calculate the predicted S&A cost and the up-
per and lower 95 percent prediction limits for the esti-
mated level of work placement. The values calculated
could then be compared to the past S&A costs and the
limit established at the value which seems most com-
patible with past S&A costs.

*100 1s used because the model is based on millions of
dollars.

YT = 14

Two examples using Table 2 and Appendix A will
clarify the procedure. Consider the Omaha District S&A
prediction for FY706. As reported in Chapter 4, Omaha
District had an increase in work placement outside the
range of model applicability in FY76. The FY76 values
for predicted S&A cost and tor lower and upper predic-
tion limits for Omaha District are $10.099, 87 844,
and  $12.355 million, repsectively (from Table 2).
These values are compared with the previous year’s S&A
cost, and, considering realistic lag times for increasing
S&A capabilities, it appears that the most realistic lim-
it is the lower prediction limit of 7.844 million dollars.
This allows for a large (38.6 percent) increase in S&A
cost without encouraging an unrealistic expansion of
S&A.

New York District provides the second example.
The estimated work placement for FY76 is $38.315
million. This represents a slight increase over FY75

‘work placement, but is still within the range of model

applicability. The calculated values for predicted S&A
cost, and lower and upper prediction limits are $1.688.
$1.191, and $2.185 million, respectively (from Table
2). When compared with the S&A cost in FY7S of
$1.924 million, it appears that the upper prediction
limit is the most compatible limit. This is clear since
the increase in work placement in FY76 implies that
the S&A cost should increase slightly also. The only cal-
culated value which represents an increase in S&A cost
is the upper prediction limit.

In addition, since District performance is influenced
by the established limit, DMC may predict the expec-
ted S&A rate and then establish the limit either below
or above this value to restrict or expand the S&A ef-
fort, as desired. For example, if expansion 1s deemed
necessary for a particular District based on past per-
formance. the DMC may wish to establish the limit at
the upper 95 percent prediction limit

Using this procedure for improving the establish-
ment of limits for all the Divisions/Districts for FY76
causes some significant changes. For three of the Dis-
tricts (Norfolk, Omaha, and Sacramento), the estab-
lished limit changes from the predicted S&A cost to
the lower prediction limit. For two Districts (Baltimore
and New York), the established limit changes to the
upper prediction limit. This results in substantial im-
provement in the precision of the model predictions
The average deviation now is only 6.80 percen:. with a
range of 0.3 to 22.6 percent.
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Model Maintenance

Changes in the model itself, the stability of model
parameters, the “goodness” of fit of the model with
the data. and the accuracy with which the model is pre-
dicting S&A costs should be checked periodically. Ta-
ble 1 shows the changes in the model and the parame-
ters as the model moved from year to year, beginning
with the data from FY63 through FY74. Only four
Districts retained the same model for all the years,
while New York changed models every year. For most
Districts, the coefficients for the parameters remained
fairly stable. However, in some Districts, such as New
York, a change in the model itself caused drastic chan-
ges in the parameter values, indicating that different
model parameters may become significant as the model
moves with time. Caution should therefore be exer-
cised in predicting several years in advance.

When each year’s data become available, the data
base should be updated and the regressions performed
for each District. Radical changes in the model used or
in the parameter values should be noted. Similarly, de-
creasing values of R2 and/or increasing values of S indi-
cate that the model’s predictive capabilities are decreas-
ing.

Finally, the accuracy of the model as a predictor
should be checked annually. Actual values which con-
tinually fall outside the prediction limits indicate ba-
sic inadequacies in the model itself.

6 CONCLUSIONS AND
RECOMMENDATIONS

The model presented in this report provides a valid
technique for estimating S&A costs as verified by the
retrospective test. It is recommended that the DMC use
this model as an aid in establishing S&A limits.

The results indicate that the unadjusted model pre-
dictions will have an average absolute deviation in the
range of 10 to 15 percent. This deviation can be sub-
stantially reduced, by as much as half, by accounting
for changes in expected district performance, condi-
tions, and policy. Therefore, the DMC must consider
changes in operating conditions or management policy
withir the District/Division when using the model in
establishing S&A limits.

Although the model can be used to predict costs
both | and 2 years in advance, the best results are ob-
tained for predictions made 1 year ahead. Thus, the
model should be updated with the past year’s data be-
fore determining the new year’s limits.

It is recommended that the model maintenance pro-
cedures described in Chapter 5 be implemented on
DMC'’s computer system to provide DMC with the nec-
essary technical capabilities to perform normal model
maintenance.
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APPENDIX A:
DIVISION/DISTRICT DATA FOR FY63 THROUGH FY76

Alaska District }

3 |
FY EWP S&A Cost  S&A Rate
(million $) (million $) (%)
i 1963 22.037 1.864 8.459
; 1964 25.116 1.632 6.498
! 1965 27.323 1.707 6.247
" 1966 20477 1.701 8.307
1967 [8.547 1.686 9.090 i
1968 21.731 1.636 7.528 i
3 1969 31.620 2.268 7.173
: 1970 27.356 1.794 6.558
1971 15.527 1.121 7.220
1972 18.567 [.458 7.853
1973 18.609 1.519 8.163
1974 29411 1.789 6.083
1975 27.040 2RSS 8.055
1976 38.287 2.336 6.101

Baltimore District

Reported  Reported  Adjusted Adjusted  Adjusted
FY EwpP S&A Cost EwP S&A Cost  S&A Cost
(million $) (million $) (million $) (million $) (%)

1963 21.865 1.527 21.865 1527 6.984
1964 28.360 1.615 28.360 1.615 5.695
1965 23911 1.590 23911 1.590 6.650
19606 23.241 1.388 23.241 1.388 5972
1967 24.150 1.459 24.150 1.459 0.041
1968 22.829 1.154 22.829 1.154 S.055
1969 20.134 L1553 20.134 1153 5127
1970 27.594 1.399 27.594 1.399 5.070
1971 60.197 2.523 37.028 1.322 35110
1972 70.207 2954 45518 | Bl i 3.722
1973 87.400 4.309 61.197 3.041 4.969
1974 125273 4.940 125273 4.940 3.943
1975 136.329 60.191 136.329 6.191 4.541
1976 98814 5.040 9R 814 S.040 5100
31




1

1

{

Fort Worth District I

|

i

FY EWP S&A Cost  S&A Rate |

(million $) (million $) (%)

1963 4%.133 2.799 5.815

1964 70.088 3473 4.955

1965 60.789 3.353 5.516

1966 60.703 3311 5.454

1967 33.835 1.958 5.787 :
1968 45.197 1.680 3.717 !
1969 47.883 1.823 3.807

1970 34926 1.890 5411

1971 67.368 2.861 4.247

1972 91.389 SULLS 3.409

1973 102.148 3914 3.832

1974 131.881 4,616 3.500

1975 144.427 5.035 3.486

1976 145.488 4947 3.400

Huntsville Division

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

1969 3.008 1.057 35.140
1970 9.852 1.446 14.677
1971 108.452 5.844 5.389
1972 129.236 7.839 6.066
1973 76.335 S279 6916
1974 56.813 3475 6.117

i 1975 33.860 2.005 S92
1976




S o s

FY

1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976

Kansas City District

Reported  Reported Adjusted
EwP S&A Cost Ewp
(million $) (million $) (million $)

26928 1.389 20928

16.634 1.200 16.634

20.554 1.469 20.554

19.654 1.322 19.654

16.600 [.214 16.600

40.812 1.510 40.812

44.792 1.633 44.792

23.883 1.281 23.883

35.725

37.834

39944

42.053

44.163

57.367 1.721 57.367

Los Angeles District

FY EWP S&A Cost

(million $) (million $)
1963 S1.538 3.038
1964 37.363 2373
1965 43.393 2.398
1966 39.202 2.644
1967 35.116 2428
1968 44.442 2.635
1969 54.555 2.742
1970 32.510 1 .885
1971 32.226 1.511
1972 36.842 1.630
1973 19.769 1.022
1974 13911 0.742
19758 26.849 1.402
1976 24.798 1.364

Adjusted
S&A Cost
(million $)

S& A Rate

(&)

5.8498
6.351
5.526
6.745
60914
5929
5.026
5.798
4.689
4424
S.170
5.334

5.500

Adjusted
S&A Cost
(%)

S.158
7.214
7.147
6.726
7313
3.700
3.646
5.364
4.493
4.253
4.013
3.771
3.530
3.000




FY

1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976

FY

1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976

Mediterranean Division

EwP
(million $)

36.510
29119
41.922
50.030
20.144
16.982
22.875
45.844
39.950
52.174
21.543
20.404
87.328

Mobile District

EWP
(million $)

42.640
79.844
106.752
83.976
56.270
47.215
24.827
23.537
39.222
57.273
66.972
75.189
87.188
111.725

S&A Cost
(million $)

S&A Cost
(million $)

34

4.233
3.393
4.568
4.114
2633
2:552
3.401
4.599
4.694
3.158
2372
2.728
5.731

2.496
4.358
5.461
4.702
3395
2.348
1.636
1.458
2.001
2.566
2.731
3.082
4.041
4.357

S&A Rate
(%)

11.594
11.652
10.896

8.223
13.071
15.028
14.868
10.032
11.750

6.053
11.011
13.370

6.563

S&A Rate
(%)

5.854
5.458
5.116
5.599
6.033
4973
6.590
6.195
5.102
4.480
4.078
4.099
4.635
3.900




FY

1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976

FY

1263
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976

Reported
EwP
(million $)

9.175

8.028
[7.609
15.382
16.806
24.459
25.870
ST 1S

21.852
32.713
63.125

New York District

EWP
(million $)

18.415
30.587
29911
31.803
29.590
39.025
27.286
26.742
42173
35477
33.186
35.072
31.210
38.315

Norfolk District

Reported
S&A Cost

(million $)

0.617
0.550
1.055
1.055
1.092
1.246
1.428
1.039

0.818
1.519
2.020

S&A Cost  S&A Rate
(million $) (%)
1.105 6.001
2.146 7.016
1.942 6493
2.078 6.534
1.828 6.178
1.857 4.758
1.551 5.684
1.449 5.418
1.995 4.731
1.768 4984
1.711 S.156
1.520 4.334
1.924 6.165
2.031 5.301
Reported  Reported
EWP S&A Cost
(million $) (million $)
9.175 0.617
8.028 0.550
17.609 1.055
15.382 1.055
16.806 1.092
24459 1.246
25.870 1.428
[ERA S 1.039
23.169 1.201
24.689 1.237
26.209 1.268
21.852 0.818
32.713 1.519
63.125 2.020
35

Reported
S&A Rate
(%)

6.725
6.851
5.991
6.859
6.498
5.094
5.520
0.612
5.184
5.010
4.838
3.743
4.643
3.200




Omaha District

Reported  Reported  Adjusted Adjusted  Adjusted
FY EWP S&A Cost EwWP S&A Cost S&A Rate
(million $) (million $) (million $) (million $) (%)

1963 19.849 1.425 19.849 1.425 7179
1964 23.628 1.618 23.628 1.618 6.848
1965 31.708 1.966 31.708 1.966 6.200
1966 25.397 1.897 25.397 1.897 7.469
1967 25.231 1.496 25.231 1.496 5929
1968 30910 1.490 30910 1.490 4.820
1969 26.747 1.738 26.747 1.738 6.498
1970 32.541 2.311 32.541 2311 7.102
1971 86.863 4.204 51.138 2.599 5.082
1972 118.817 5.359 80.983 3.750 4.631
1973 120.598 5.318 30.654 3.71S 4.606
1974 115.667 5.830 73.614 4.244 5.765
1975 132,423 7.220 88.260 5.661 6.414
1976 167.489 7.202 167.489 7.202 4.300

Pacific Ocean Division

FY EWP S&A Cost  S&A Rate
(million §) (million $) (%)

1963 31.466 3.103 9.861
1964 56.545 3.754 6.639
1965 58.109 4.347 7.481
1966 66.029 4516 6.839
1967 109.511 6.752 6.166
1968 90.405 6.823 7.547
1969 84.958 6.667 7.847
1970 105.002 7.680 7.314
1971 49.834 4.034 8.095
1972 59.995 3.723 6.206
1973 47.900 2.653 5.539
1974 54.373 3.160 5.812
1975 65915 3.847 5.830
1976 S0.413 3.075 6.100
36




FY

1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976

FY

1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976

Sacramento District

EwP
(million $)

17417
29.892
24.833
25.703
23.522
18.609
35.882
32.021
25.138
38.419
39.000
44.560
46.751
75.782

S&A Cost

(million $)

1418
1.976
1.601
1.489
1.430
1.107
1.790
1.651
1.368
1.688
2.030
2.248
2.366
3.259

Savannah District

EWP
(million $)

19.336
19.401
34.141
53.730
47.797
52.253
46.552
45927
38.904
45.210
60.760
66.755
91 805
107.018

S&A Cost
(million $)

1.040
1.257
1.822
2454
2403
320
S
]
1911
1.660
1.809
2021
2.508
2401

to tu to

37

S&A Rate
(%)

8.141
6.610
6.447
5.793
6.079
5.949
4989
5.156
5.442
4.394
5.205
5.045
S.061
4.300

S&A Rate

Je)

5.379
6.479
5.337
4.567
5.028
4.440
4999
4.684
4912
3.671
2977
3.027
2,729
2.300
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APPENDIX B:

DATA ADJUSTMENTS

The Baltimore and Norfolk Districts were consolida-
ted trom FY71 through FY73, with the total work
placement being reported by Baltimore. Both Balti-
more and Norfolk District’s data for these years were
adjusted to reflect the amount of work that would
have been placed by each District had they not been
consolidated.

A simple linear relationship between work place-
ment and time was formulated for Norfolk District,
and work placement was estimated for FY71 through
FY72, as shown in Figure Bla. A similar linear rela-
tionship between the S&A rate and year was developed
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Figure Bl.  Nortolk District data adjustments.
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(Figure Blb). The estimates ol Norfolk District’s work
placement tor FY71 through FY73 were multipiied by
the respective estimated rates for these years to esti-
mate the S&A costs shown in Figure Blc. The estima-
ted work placement and S&A costs for Norfolk District
were then subtracted from the reported work place-
ment and S&A costs for Baltimore District. Figures
B2a and B2b show these adjustments to Baltimore Dis-
trict data. Lastly, the adjusted S&A rates for Baltimore
District were obtained by dividing the adjusted work
placement for the affected years and maultiplying by
100. Figure B2c¢ shows these adjustments.

I'he Omaha and Kansas City Districts were consoli-
dated from FY71 through FY75, with the total work
placement being reported by Omaha. A similar proce-
dure was used to adjust their data. Figures B3 and B4
show the results.
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Figure B2.  Baltimore District data adjustiments
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APPENDIX C:

STATISTICAL ANALYSES

Pooling Analysis

Due to the limited amount of data, it was initially
decided to pool the data for all of the Divisions/Dis-
tricts. A modified “backward elimination™ approach?
composed of the following steps was used:

a. Regress the data against the model with all of
the variables included

b. Use the F statistic to determine whether the dele-
tion of each variable would detract significantly from
the model

¢. Use Bartlett’s Chi-Square statistic to determine
whether the residual variances of the Districts differ
significantly

d. It residuals are homogenous, the procedure is
complete. If not, remove the data of the Division/Dis-
trict whose residuals are furthest from the mean resi-
dual variance and go to step a.

The Statistical Package for the Social Sciences
(SPSS)3 was used to perform the regression analysis.
To accomplish the backward elimination, a dummy
variable was used to indicate from which Division/Dis-
trict a particular data point came. Thus, the 12 Divi-
sion/Districts had a total of 48 possible parameters, as
shown in Eq C1.

Si=bgi + b Wi+ boiT + b 3iW;T “q Cl l

=0 0 e L

I'he Bartiett Chi-Square test was then used to deter-
mine which Divisions/Districts had similar S&A cost
hehavior and should therefore be pooled. Table CI
shows the test results. Six Districts had to be removed
before the data for the remaining six could be pooled.
The same process was applied to determine if any of
the six removed Districts could be pooled. It was found
that each of these had to be treated separately.

2N, R. Draper and H. Smith, Applied Regression Analysis
(John Wiley & Sons, Inc.. 1966), p 167.

INorman H. Nie, ct. al., SPSS  Statistical Package for the
Soctal Sciences (McGraw-Hill, 1975)
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Due to changes in performance or policy, the set of
Divisions/Districts with similar behavior could easily
change. Thus, after addition of each year’s data, the
pooling structure would have to be exammed to deter-
mine which Divisions/Districts exhibited similar beha-
vior. For this reason, the effect of not pooling any Dis-
tricts on the six Districts which would be pooled in the
model developed above was investigated.

Since the model that resulted from pooling the Dis-
tricts included all the parameters, not pooling would
only affect the prediction limits. In the pooled model,
a pooled estimate of the variance was used while in the
unpooled models, each District’s variance was used in
computing its prediction limits. The effect of not pool-
ing was thus to tighten the prediction limits on the Dis-
tricts with variances less than the pooled variance, and
to widen the prediction limits on the Districts with
variances greater than the pooled variance. Whether the
change in the prediction limits was large enough to be
considered significant was then determined.

With the pooling structures, there was an 18 percent
chance that the Districts pooled actually did not have
the same variance (a= .18). If the Districts pooled did
not have the same variance, using the pooled variance
estimate would result in the prediction limits for the
Districts with variances smaller than the pooled vari-
ance being wider than they should be and the predic-
tion limits for the Districts with variances larger than
the pooled variance being narrower than they should
be.

For four of the Districts, the change in the predic-
tion limits resulting from not pooling was less than 15
percent and was imperceptible when graphed. For Bal-
timore District and Mobile District, the limits increased
approximately 25 percent. However, these Districts
had large variances, and, due to the relatively large a-
mount of a, it was decided that the increased limits
described the level of confidence tor these Districts
better than the pooled limits.

Theretore, it was decided that pooling the Districts
did not provide any significant improvement. Since the
pooling did not significantly improve the prediction
limits of the pooled Districts, and since the unpooled
model is easier to maintain, it was decided not to pool
any of the Divisions/Districts.

Number of Years Data Analysis
The initial mode developed was regressed against all
of the data available on the assumption that the more

- s




data used, the better the model would reflect the actu-
al process. However, due to the increasing level of
work placement, the earlier data may not reflect the
current performance. If so, deleting the earlier data and
using only a fixed number of the most recent years’ da-
ta would make the model more sensitive to current
changes in the Division/Districts’ performances. If
these changes represent a true change in performance,
this increased sensitivity would be good. However, if
these changes were just random fluctuations in the per-
formance, then the model using more data would be
less affected by these variations.

It was decided to investigate the effect of deleting
some of the earlier years’ data and basing the model on
a tixed number of the most recent years’ data. It was
decided to use all of the available data in the model un-
less using fewer years’ data resulted in significant re-
duction in the average percent absolute deviations. A

minimum of 10 years of data was set as a lower limit
for the amount of data necessary to get a significant re-
gression. The test procedure consisted of comparing
the actual S&A costs for FY76 with the predicted S&A
costs using models based on data from:

a. FY63-FY75 (13 years) (all data available)
b. FY64-FY7S (12 years)
c. FY65-FY7S (11 years)
d. FY66-FY75 (10 years)
The procedure was as follows:
a. Use the backward elimination technique to deter-

mine the model reduction for each Division/District
(no pooling)

Table Cl
Homogeneity Test Results*

District Step 1

Savannah .042 025
Alaska .029 .028
Los Angeles 035 .035
New York 042 037
Baltimore 079 046
Mobile 051 .049
Fort Worth .065 065
Sacramento 017 016
Nortolk 08§ 011
Kansas City .006 005
Omaha 156 148
Pacific Ocean 232

Probability** (o) 1.000  1.000

Step2 Step3 Step4 StepS Step6 Step 7
025 025 .025 025 02§
028 028 028 .208 028
.035 .035 035 03§ 03§
037 037 037 037 037
046 046 046 046 046
.049 .049 .049 .049 .049
.065 065 065 065

016 016 016

01t 011

005

999 925 671 353 178

*1 ntries are residual variances (millions of dollars2)

**Probability, based on Bartlett’s Chi-Square statistic, that there is a significant

ditference between the variances from District to District.




b. Calculate the percent absolute deviation between
the predicted and actual S&A costs tor each Division/
District.

¢. Use a paired t-test on the Divisions/Districts to
determine if the percent absolute deviation was signifi-
cantly reduced by using fewer years’ data.

Table C2 shows the percent absolute deviations for
FY76 for all the Divisions/Districts. Table C3 shows
the comparisons between using all 13 years’ data and
using fewer years’ data. Line 1 of the table shows the
comparisons between using 12 years’ data and using 13
years” data. The negative value for D, the difference be-
tween the average percent absolute deviations, indi-
cates an average improvement of 2.74 percent using 12
years’ data instead of 13 years’ data. The standard devi-
ation of the differences for the Districts is given by Spy.
The value of the t statistic, the degrees of freedom (df),
and the associated value of a, the probability of reject-
ing a true hypothesis, are also shown.

The null hypothesis that the average percent abso-
lute deviations between actual FY76 S&A costs and
predicted FY76 S&A costs for models based on 13
and 12 years’ data are equal can thus be rejected in fa-
vor of the alternative hypothesis that the average per-
cent absolute deviations for the model based on 12
years™ data is less than that for the model based on 13
years’ data. This incurs a S percent risk of rejecting a
true hypothesis. The null hypothesis that the model
based on [2 years’ data is as good as the models based
on fewer years of data cannot be rejected without in-
curring unreasonably large risks.

The same analysis was applied 1o the FY75 data
(Tables C4 and CS). Using less than 12 years of data
did not result in a significant improvement. Hence, the
null hypothesis that the model based on 12 years of
data is as good as the models based on 11 or 10 years
of data cannot be rejected.

In conclusion, the model based on 12 years of da-
ta provided significantly better predictions of FY76
S&A costs than the model based on 13 years of data;

models based on 11 and 10 years of data did not pro-
vide turther significant improvement for either FY70
or FY75. Hence, the most recent past 12 years of
data should be used for model development.

Table C2
Percent Absolute Deviations Between
Actual and Predicted S&A Costs for FY76

Number of Years of Data
District/Division 13 12 11 10

Alaska 34 33 45 76
Baltimore 85 &7 84 15
Fort Worth 0.1 03 06 20
Kansas City 44 44 34 5.1
Los Angeles 226 236 266 28.5
Mobile 10.2 7269, 183
New York 21y 16T 1635 20.2
Norfolk 30,5 269 145 356
Omaha 37.8 40.2 564 34.0
Sacramento 266 13.5 339 6.2
Savannah 7.9 4 0.8 206.8
Average 16.28 13.54 15.68 16.53

Table C3
Paired t-Test for FY76 S&A Costs
Hyo:D=0:H; : D <0

Comparison D Sp { df  «

12vs 13 yrs 2.74 4900 1.858 10 0§
11 vs 13 yrs 0.60 9.184 0217 10 42
10 vs 13 yrs 0.25 9.602 0.085 10 .53
11 vs 12 yrs 2,14 B.969 0793 10 .78
1O vs 12 yrs 299 8.032 Iad3ar 19 88
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Table C4
Percent Absolute Deviations Between
Actual and Predicted S&A Costs for FY75

Number of Years of Data

12 11 10
Alaska 15.6 14.8 15.0
Baltimore 14.0 13.6 13.6
Fort Worth 0.5 0.7 0.4
Kansas City 5.2 53 49
Los Angeles 19.0 20.5 254
Mobile 18.1 15.4 16.3
New York 29.3 315 30.2
Norfolk 10.4 11.8 8.0
Omaha ES.1 15.0 15.0
Sacramento 8.6 75 44
Savannah 30.1 27.5 13.8
Average 15.08 1487 13.36
Table CS

Paired t-Test for FY7S5 S&A Costs
Hyo:D=0;H; : D<O

Comparison D Sp t df o
11 vs. 12 yrs 0.21 1.571 0.441 10 .33
10 vs 12 yrs 1.72 5498 1.037 10 .16

43




CERL DISTRIBUTION

AL NGBy S, . M8 .

Chief of Engineers
ATTN: DAEN-MCC-C (5)
ATTN: DAEN-MCZ-S (2)
ATTN: DAEN-ASI-L (2)
ATTN: DAEN-RD

ATTN: DAEN-ZCI

Dept of the Army
WASH DC 20314

FP—

e B

5
1;‘_

Commander

U.S. Army Foreign Science and
Technology Center

220 7th St, NE

Charlottesville, VA 22901

Commander

U.S. Army Science and Technology
Information Team - Europe

APO New York 09710

Commander

U.S. Army Science and Technology
Center - Far East Office

APO San Francisco 96328

Defense Logistics Studies Information
Exchange (2)

U.S. Army Logistics Management Center

ATTN: AMXMC-D

Ft Lee, VA 23801

Each District Engineer
U.S. Army Engr District
ATTN: Library

Each Division Engineer
U.S. Army Engr Division
ATTN: Library

Library of Congress (2)

Exchange and Gift Division

ATTN: Federal Documents Section
WASH DC 20540

Defense Documentation Center
ATTN: TCA (12)

Cameron Station

Alexandria, VA 22314




