
CRM 97-68 /January 1998 

Bidding Behavior in DoD's 
Commercial Activities 
Competitions 

Christopher M. Snyder • Robert P. Trost 
R. Derek Trunkey 

Center for Naval Analyses 
4401 Ford Avenue • Alexandria, Virginia   22302-1498 

DISTRIBUTION STATEMENT A 
Approved for Public Release 

DTXC QUALITY INSPECTED S Distribution Unlimited 



Approved for distribution: Ja' 

Samuel D. Kleinman, Director 
Infrastructure and Readiness Team 
Support Planning and Management Division 

This document represents the best opinion of CNA at the time of issue. 
It does not necessarily represent the opinion of the Department of the Navy. 

APPROVED FOR PUBLIC RELEASE; DISTRIBUTION UNLIMITED 
For copies of this document, call the CNA Document Control and Distribution Section (703) 

Copyright © 1998 The CNA Corporation 



REPORT DOCUMENTATION PAGE 
Form Approved 

OMB No. 074-0188 
Public reporting burden for this collection of Information Is estimated to average 1 hour per response, Including the time for reviewing Instructions, searching existing data sources, gathering and 
maintaining the data needed, and completing and reviewing this collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information, including 
suggestions for reducing this burden to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA 22202-4302, 
and to the Office of Management and Budget, Paperwork Reduction Prolect (0704-0188), Washington, DC 20503 

1. AGENCY USE ONLY (Leave 
blank)  

2. REPORT DATE 
January 1998 

3. REPORT TYPE AND DATES COVERED 
Final 

4. TITLE AND SUBTITLE 
Bidding Behavior in DoD's Commercial Activities Competitions 

6. AUTHOR(S) 
CM Snyder, RP Trost, RD Trunkey 

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 

Center for Naval Analyses 
4401 Ford Avenue 
Alexandria, Virginia 22302-1498 

9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES) 

5. FUNDING NUMBERS 
C   -       N00014-96-D-0001 

8. PERFORMING ORGANIZATION 
REPORT NUMBER 

CRM 97-68 

10. SPONSORING / MONITORING 
AGENCY REPORT NUMBER 

11. SUPPLEMENTARY NOTES 

12a. DISTRIBUTION / AVAILABILITY STATEMENT 
Distribution unlimited 

12b. DISTRIBUTION CODE 

13. ABSTRACT (Maximum 200 Words) 
In a previous study, CNA analysts used data from past DoD A-76 competitions to construct a model of savings and projected the 
potential savings from additional DoD Commercial Activities (CA) competitions. In this paper, we use an alternative approach for 
estimating savings from future Dod CA competitions. We estimate two separate bidding equations - one for the in-house team bid and 
another for the minimum contractor bids - along with an equation for baseline cost. Based on these estimated equations, one could then 
indirectly project future savings in the A-76 inventory as the difference between predicted baseline cost and the predicted winning bid. 
Using the new approach, we project an annual savings of $6 billion if the entire 1995 DoD CA inventory were competed under A-76 
rules. 

14. SUBJECT TERMS 
competition, contract proposals, contractors, defense economics, Department of Defense, industries, 
outsourcing 

15. NUMBER OF PAGES 
 56 
16. PRICE CODE 

17. SECURITY CLASSIFICATION 
OF REPORT 

Unclassified 

18. SECURITY CLASSIFICATION 
OF THIS PAGE 

Unclassified 

19. SECURITY CLASSIFICATION 
OF ABSTRACT 

Unclassified 

20. LIMITATION OF ABSTRACT 

NSN 7540-01-280-5500 Standard Form 298 (Rev. 2-89) 
Prescribed by ANSI Std. Z39-18 
298-102 



Contents 

Summary  1 

Background  5 
The A-76 program—past and present  5 
Will the savings materialize?  6 

Can the Navy find 80,500 candidates?  7 
Will the program produce 30-percent savings? .... 9 

The savings are possible but not guaranteed  10 

Descriptive statistics  11 
Previously completed A-76 competitions  11 
Comparison of bids  13 
The 1995 DoD CA Inventory  16 

The empirical model and estimates  19 
The empirical model  19 
Empirical estimates  20 

Baseline cost equation  22 
Contractor bid equation  22 
In-house bid equation  23 
Total savings elasticities  23 

Policy analysis and conclusions  25 
Projecting savings into the DoD CA Inventory  25 
Projecting the savings into the 1995 DoD CA 

Inventory  26 
Changing the rules  27 
Conclusions  32 

Appendix A: Theoretical bidding model  33 
Private contractor's bids  35 
In-house team's bid  36 
Cost savings from competition  38 



Appendix B: Estimating the bidding and baseline cost 
equations  39 

References  45 

List of figures  47 

List of tables  49 

Distribution list  51 



Summary 

In 1955, the Office of Management and Budget (OMB) implemented 
a policy known as the Commercial Activities (CA) Program. Origi- 
nally designed to encourage the use of the private sector, this pro- 
gram now enables the private sector to compete with government 
organizations in providing goods and services [1]. In CA competi- 
tions, the in-house government team as well as outside private con- 
tractors submit bids to supply a specified good or service. If the in- 
house team's bid is no more than 10 percent higher than the mini- 
mum contractor bid, the in-house team continues to supply the good 
or service. When the minimum contractor bid is more than 10 per- 
cent lower than the in-house team bid, the good or service is out- 
sourced to the winning contractor. The objective of the CA Program 
is to promote an efficient support structure through competition. 
Greater efficiency would allow DoD and the services to spend less 
money for the same level of support and have more money to spend 
on operational forces. As a result of the CA Program, DoD initiated 
4,311 A-76 competitions from 1978 to 1994 and completed 2495.1 

In a previous study [2], CNA analysts used data from past DoD A-76 
competitions to construct a model of savings and projected the 
potential savings from additional DoD CA competitions. In this 
paper, we use an alternative approach for estimating savings from 
future DoD CA competitions: We estimate two separate bidding equa- 
tions—one for the in-house team bid and another for the minimum 
contractor bids—along with an equation for baseline cost. Based on 
these estimated equations, one could then indirectly project future 

Of the initiated competitions, 381 were consolidated with other studies, 
and 76 were broken into smaller studies. We counted these competi- 
tions as false starts rather than cancellations. This results in an overall 
completion rate of 59 percent. These calculations exclude 807 simpli- 
fied cost comparisons and direct conversions. 



savings in the A-76 inventory as the difference between predicted 
baseline cost and the predicted winning bid. 

Using our new approach, we project an annual savings of $6 billion 
(in FY 1996 dollars) if the entire 1995 DoD CA inventory were com- 
peted under A-76 rules. This is slightly lower than our previous esti- 
mate of $6.2 billion. As before, the savings are highly influenced by 
the number of billets that a Service declares are commercial. If the 
other Services had the same percentage as the Navy, which had the 
largest percentage classified as commercial in the 1995 CA inventory, 
the savings would roughly double [3]. Thus, a close review of those 
billets that are not now considered commercial could result in big sav- 

ings. 

We adopt this alternative, more structural, modeling approach for 
two reasons: 

• It allows us to determine whether the source of savings is from 
low in-house or contractor bids. 

• It allows us to simulate the effect of various DoD policy changes 
on savings. 

To summarize the results from simulations of various policy changes: 

• Competition is the main source of savings—accounting for 
65 percent of total savings. 

• Increasing the number of civilian billets in a competition by 1 
percent would increase savings by 2 percent. 

• Increasing the number of military billets by 1 percent increases 
savings by 5 percent. 

Constraining the in-house team to bid no more than baseline 
costs increased savings by 17 percent. 

Changing the in-house bidding advantage—in either direc- 
tion—would have a small impact on savings. 

Moving to the new OMB overhead rate should reveal increased 
savings, on the order of 22 percent, and should lead to a 
decline in the number of in-house wins. 

• 

• 



In our simulations of various policy changes, we find that competi- 

tion—not private sector cost advantages—accounts for most of the 

savings. In particular, we estimate that the competitive forces alone 

account for 65 percent of total savings. The remaining 35 percent is 

due to inherent comparative advantages of the private sector and the 

increased number of bidders. Even if there is no private sector cost 

advantage, more bidders would lead to a larger expected savings.2 

Because many in-house teams were effectively constrained not to bid 

over their original baseline cost, we examined the effect of relaxing 

such a constraint. We find that constraining the in-house team to bid 

no more than its current baseline cost increases savings by 

17 percent. 

Neither increasing nor decreasing the in-house team's bidding advan- 
tage from its present level of 10 percent would have a significant 

impact on savings. This is because only 7 percent of competitions are 
affected by the rule and, even for these, the impact on savings is small. 

A final policy simulation estimated the effect of the new method of 
accounting for overhead. The new OMB Circular A-76 requires the 

in-house team to use an overhead rate of 12 percent. Based on the 
limited data available, it is estimated that during the 1978-to-1994 

period the in-house team used an overhead rate of about 5 percent 
on average. We applied this new overhead rate to both the baseline 
cost estimate and the in-house teams bid. We find that savings would 
increase by about 22 percent and that the percent of in-house wins 
would decrease from 50 to 42 percent. This increase in savings should 
not be regarded as a benefit from moving from the 5-percent to the 

12-percent overhead rule. Rather, it suggests that the old 5-percent 

rule masked some of the true savings from A-76 competitions. This 

argument assumes that: 

More bidders lead to more savings because each additional bidder has 
some probability that its bid will be lower than all previous bids. This 
effect is separate from the competition effect which also increases with 
the number of bidders (actual or potential bidders). 



• Savings were previously underestimated because the overhead 
portion of baseline costs was underestimated. 

• The new overhead rates were more correct than the old over- 
head rates. 

Since the simulations do not account for the fact that bidding strate- 
gies may change under different policies, the results from the simula- 
tions should be interpreted as approximations of the true impact of 
these policy changes. 



Background 

The A-76 program—past and present 

From 1979 to 1994, DoD completed 2,195 A-76 competitions that 
resulted in recurring annual savings of approximately $1.5 billion.3 

Despite the program's successes, adverse incentives and political pres- 
sures effectively ended new competitions. Figure 1 shows the number 
of competitions by year. 

Figure 1.   Completed competitions over time 
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In 1989, installation commanders were given the authority to exempt 
functions from competitions.4 Shordy thereafter, the number of new 

3. See [2, 4, 5] for more information. 

4. The authority expired in 1995. See [6] for more details. 



competitions decreased, and the number of cancellations increased. 

In FY 1992, Congress imposed a one-year moratorium that stopped 
the program completely. The Air Force was the only service to restart 

A-76 competitions after the moratorium expired. 

The previous success of the A-76 program—and the need to purchase 

new weapon systems—has led DoD to initiate a new round of A-76 

competitions. The Navy plans to compete 80,500 positions between 

1996 and 2002. To date, they have announced about 18,000 positions 

for competition. 

Will the savings materialize? 

Difficulties in identifying candidates for competition and past failures 

from other savings initiatives have raised questions for some Navy 

officials: 

• Can the Navy actually find 80,500 positions to compete? 

• Will they see the same level of savings that the program gener- 
ated in the 1980s? 

Predicting is always difficult, and DoD has had many initiatives that 
have fallen short of the fulfilling their promises of savings. However, 

compared to many DoD savings initiatives, the A-76 program has a 

long and successful track record. DoD has undergone tremendous 

change since the end of the Cold War, but there is no evidence that it 

is more efficient relative to the private sector.6 There are additional 

pieces of information that would be good to have, and DoD can do a 

better job of tracking the A-76 process and resulting savings. We do 

not have definite answers to either question, but we do have strong 

historical experience and some recent experience on which to base 

our conclusions. 

We believe that the large number of cancellations was caused by poor 
incentives for the installations commander. See [7]. 

DoD may have become more efficient relative to itself, but if the private 
sector has cut its costs even more, larger savings may be possible today. 



Can the Navy find 80,500 candidates? 

The PR-99 analysis 

As part of the PR-99 budgeting process, an Investment Balance 

Review (IBR) working group identified potential candidates using 

Navy manpower databases. They excluded a billet from consideration 
if: 

• The function appeared to be inherently governmental. 

• Competing the billet would not lead to savings for the Navy.8 

• There were legislative restrictions on competing the function. 

They also took sea-shore rotation and homebasing into account for 
military billets. 

Using this process, the group identified 124,000 potential civilian out- 

sourcing candidates and about 55,000 potential military candidates.9 

The working group concluded that the current plan was aggressive 
but achievable. 

The POM-00 analysis 

As part of POM-00 Assessment, an Issue Assessment working group10 

updated the PR-99 analysis with new data and refined rules for 

excluding billets from consideration. Of roughly 200,000 civilians, 

16,000 were already scheduled to be cut between 1998 and 2003. Of 

the remaining 184,000 civilians, 111,000 were thought to be good 

potential candidates. The Navy needs to be able to compete about 

7. This group included representatives from N47, N12, N80, N81, N82, 
CNA, and NAVMAC Civilian Pay Office. 

8. For example, many medical billets are paid for by the Office of the Sec- 
retary of Defense (OSD). 

9. Only 23,000 out of 55,000 military positions can be competed due to 
sea-shore rotation homebasing policies. 

10. This group included representatives from N80, N81, N82, N47, N12, 
N43, CNA, RDA(I&E), and DONOMIT. 



63 percent (70,500) of these 111,000 to meet its goal for civilian can- 

didates. 

Using the same process, the group identified 58,000 potential 

enlisted military candidates out of the roughly 314,000 enlisted bil- 

lets. An average sea-shore rotation goal of 4:3 reduced the number of 

candidates to about 13,000 (rather than the 23,000 identified by 

PR-99). Eliminating all fleet concentration billets further reduced the 

number of enlisted candidates to about 8,000. Combining these 8,000 

with the 2,000 already announced would make the Navy's goal seem 

possible but very aggressive. However, the following facts suggest that 

the estimate of 8,000 enlisted candidates is too conservative:11 

• These numbers do not include any officer billets. (CNA has 

estimated that there are at least 4,000 officer billets available.) 

• Targeting only nonfleet concentration area billets will actually 

lead to a higher homebasing ratio than exists now. If the 13,000 
enlisted candidates are distributed as all other shore billets, 

then they could all be competed and be neutral to homebasing. 

• All A-school instructors were excluded.12 

• The way sea-shore rotation is measured is questionable. 

• Greater use of a sea pay premium would relax the sea-shore 
constraint. This option would reduce net savings to some 

extent. 

• Competing overseas shore and neutral duty billets will lessen 

the sea-shore constraint. 

11. See [8] for further information. 

12. See [9] for innovative ways of privatizing training. 

13. In particular, the current calculation includes some E5s in their fourth 
and fifth years who are not careerists. Also, any additional at-sea reduc- 
tions from Smart Ship initiatives are not factored into the calculations. 
See [10] for additional information. 

14. Some overseas shore billets are counted as sea billets in the sea-shore 
ratio. 



• High savings mayjustify relaxing one or both constraints. (The 
alternative is to buy fewer ships and planes or to sacrifice readi- 
ness.) 

CNA's conclusion 

The conclusion we draw from both the PR-99 and POM-00 analysis is 
that there appear to be 80,500 candidates. This is a difficult but 
achievable goal. We do not imply that this high-level analysis is the 
best method to identify candidates—that should be done at the claim- 
ant or installation level where better information is available. On fur- 
ther inspection, some of the 111,000 civilian and 58,000 military 
enlisted candidates may prove to be poor candidates, and some of the 
billets that were excluded may have been good candidates. However, 
this analysis does provide evidence that the Navy should proceed with 
its competition plan, and it is a valid basis for allocating competition 
goals to claimants. 

Will the program produce 30-percent savings? 

We find no evidence to suggest that savings will be substantially lower. 
In particular: 

• The savings per billet competed had a slight positive trend 
across the 1980s. (This is evidence against cherry picking, the 
idea that the competitions yielding the highest savings were 
performed first. If the Navy had engaged in cherry picking, 
then savings would have a downward trend.) 

• The competitions that were cancelled were comparable to suc- 
cessfully completed competitions. (This suggests that many 
good candidates remain.) 

• Competition was applied unevenly across installations and 
functions which again suggests that many good candidates are 
still available. (It is also more evidence against cherry picking.) 

• The number of personnel has come down in proportion to the 
budget. (Increased efficiency would imply a sharper drop in 
personnel.) 

• The Air Force continues to average 34-percent savings. 



Three recently completed Navy competitions all resulted in sav- 

ings of at least 30 percent. 

The savings are possible but not guaranteed 

The savings are possible, but achieving them requires considerable 

effort and leadership. Leaders need to use every opportunity to state 
what must be done and why it must be done. There are many disin- 

centives in the system that lead people to resist if they sense that their 

leaders do not fully support competition and outsourcing. The fol- 

lowing actions would increase the chances of success: 

• Increase the involvement and commitment of leaders at all levels. 

• Fully fund studies. The current $2,000 per FTE does not appear 

adequate to cover all costs. 

• Improve incentives. Letting claimants keep a fraction of savings 

for a limited time would be an important incentive. 

• Do not penalize aggressive claimants. Budget cuts should be based 
on a claimant's potential to compete billets rather than actual 

efforts. Otherwise, claimants who are aggressive in pursuing 

competition will be penalized. 

• Focus on larger competitions. Thirty-seven percent of competitions 
with ten or fewer positions had zero savings. 

• Improve and expand tracking. A substantial amount of useful 
information was collected during the 1980s; however, a lot of 
valuable information was not collected or was unusable. For 
example, we need more information on study costs, reasons for 

cancellation, workload, number of bidders, and recompeti- 
tions. There should also be a better database of candidates. 

Good tracking could also lessen the probability of a competi- 

tion falling behind or being cancelled. 

15. These competitions were fuel services at Guam, telecommunications in 
Stockton, and family services in San Diego. 

16. Additional ideas and more specific suggestions will be incorporated 
into a forthcoming paper on improving the Navy's competition process. 
Also, see [7]. 

10 



Descriptive statistics 

Previously completed A-76 competitions 

Table 1 provides descriptive statistics for completed A-76 competi- 

tions. Of the 2,195 completed competitions, we examined 2,069.17 

Weighted averages are presented by military service, size, and func- 

tion type. The first column is the number of competitions in each 

group. The Navy and Air Force completed the most competitions. 
The breakdown by size shows that most competitions were small. 

Interestingly, an A-76 competition was not required for competitions 
of ten or fewer civilian positions, but the full A-76 process was often 

used to justify even these outsourcing decisions. The last breakdown 

is by function, and it shows that Installation Services and Other Non- 
manufacturing were the most commonly competed. 

The second column shows the percentage won in house. About half 

of all competitions were won in-house. The third, fourth, and fifth 

columns provide information on the billets (military and civilian posi- 
tions) associated with each competition. These competitions in total 

represented about 77,000 positions of which about 78 percent were 
civilian. 

The last four columns provide information on the savings associated 
with each competition. About 40 percent of the competitions were 

for fewer than 10 billets, but these competitions accounted for only 

5 percent of total savings. Of the completed competitions, 439, or 
21 percent, yielded no savings. This suggests that some tasks may be 

efficiently undertaken by the in-house team without exposure to com- 

petitive private markets. Or, it could mean that these competitions 

17. Of the 126 competitions not used in the analysis, 119 were missing vital 
data, 4 were outliers, 2 were unusual cases (unique functions), and 1 
contained an apparent typographical error. 

11 



were structured in a way that made it difficult for the private sector to 
find efficiencies. For example, a small competition involving five bil- 
lets and a performance work statement (PSW) that specifies proce- 
dures rather than products could make it difficult for the private 
sector to bid effectively. In these cases, the Navy can bundle small 
functions together and write a more flexible PSW. 

Table 1.   Descriptive statistics for completed A-76 competitions3 

Billets Annual savings (1996 dollars) 

Percent 

Number of won Percent Total Per billet    Per task Percent with 

competitions in-house Total Per task military (in millions) (in thousands) no savings 

By service branch 

DoD Agencies 50 42.0 1,034 21 0.5 13 13.0          270 16 

Army 445 50.1 23,588 53 14.1 432 18.3          970 21 

Air Force 732 37.7 26,080 36 32.9 560 21.5          765 14 

Marines 39 53.8 1,264 32 12.4 23 18.5          600 26 

Navy 803 56.8 25,391 32 19.0 412 16.2          513 28 

By size (number of billets) 

1-10 833 57.1 4,626 6 10.7 72 15.6           87 36 

11-50 915 41.4 21,081 23 11.1 377 17.9          412 13 

51-100 174 46.0 12,086 70 13.6 189 15.7         1,088 8 

101-150 52 50.0 6,115 118 17.8 121 19.8         2,330 4 

151-200 32 50.0 5,605 175 12.9 99 17.7          3,108 9 

More than 200 63 31.7 27,844 442 38.1 581 20.9          9,229 2 

By function type 

Installation Services 647 52.6 26,806 41 9.4 504 18.8           779 24 

Social Services 230 19.1 4,198 18 12.6 68 16.2           296 14 

Health Services 27 74.1 436 16 17.9 4 8.2            133 41 

Intermediate Maintenance 159 40.9 15,575 98 45.7 285 18.3          1,791 23 

Depot Maintenance 6 100.0 86 14 0.0 1 11.7           168 50 

Real Property Maintenance 312 44.9 10,493 34 8.5 208 19.8          666 17 

Research Support 12 25.0 984 82 76.2 68 69.1         5,670 8 

Training 8 50.0 1,232 154 91.9 21 17.4          2,678 0 

Data Processing 94 56.4 2,150 23 14.3 23 10.6           243 33 

Other Nonmanufacturing 574 56.1 15,397 27 23.1 259 16.8           451 20 

Total 2,069 48.2 77,357 37 21.8 1,440 18.6           696 21 

a: Savings are measured in thousands of FY 1996 dollars on an annual basis. 

12 



For 68 of the competitions with zero savings, however, the private con- 
tractors submitted a bid lower than the baseline cost, but were pre- 
vented from winning by the in-house team's 10-percent bidding 
advantage. If we only include competitions with no bids below the 
base cost, the percent with zero savings drops 18 percent. 

Comparison of bids 

Figure 2 shows the distribution of bids relative to the original cost for 
the in-house team and the lowest contractor bid. Along the horizon- 
tal axis in figure 2, a "1" means that the bid is equal to the baseline 
cost. A number less than 1 means that the bid is lower than baseline 
cost. A number greater than 1 means that the bid is greater than base- 
line cost. The "2" on the horizontal axis is "2 or more" times the base- 
line cost. 

Figure 2.    Distribution of bids relative to original cost 
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The fact that there are no in-house bids above the original cost is dic- 
tated by the rules of the A-76 process. This probably explains why 
many of the in-house bids are equal to the original cost of performing 
the task. On the other hand, the mode for the lowest contractor bid 
is at 80 percent of the original cost, and many bids are below that. (In 
figure 2 note that the "2" on the horizontal axis is "2 or more.") 

That the in-house team is bidding at less than the original cost can be 
attributed to the increase in competitive pressures. However, the lower 
mean for contractor bids cannot simply be attributed to greater inher- 
ent efficiency of private versus in-house provision. This is because the 
private bids in figure 2 are for the lowest and not the average bids 
received. In a sense, we have a distribution of potential private and in- 
house bids where we receive a number of private bids, select the lowest, 
and then compare it to the in-house bid. Even if the contractor and in- 
house bids come from the same distribution, the lowest contractor bid 
will, on average, be lower than the one in-house bid. 

Figure 3 shows a scatter plot for each competition of the savings rela- 
tive to the baseline costs for the lowest contractor bid compared to 
the in-house bid. Again, the in-house savings cannot be negative due 
to the rules of A-76 competitions. We have truncated the savings from 
lowest contractor bids at -100 percent. Each dot represents a pair of 
bids for the same competition. Thus, they can be compared to see 
which bid gave greater savings and which bid won. (Recall that the 
winning bid need not provide the greatest savings of the two since the 
lowest contractor bid must be at least 10 percent less than the in- 
house team's bid to win.) 

Note the wide dispersion of the data. This indicates that the two bids 
were often quite different and, thus, even if one bid would result in 
savings, the other bid would not. Any points along the vertical axis 
above zero are places where there were no savings from the in-house 
bid, but the lowest contractor bid did produce savings. For all points 
below the horizontal axis and to the right of the vertical axis, the in- 
house bid produced savings, but the lowest contractor bid did not. All 
points between the two dark lines are cases where the contractor bid 
was cheaper, but the in-house team won because of its 10-percent bid- 
ding advantage. 

14 



Figure 3.    Bid comparison scatter plot 
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The 1995 DoD CA Inventory 

The 1995 DoD CA Inventory is a list of candidates from which future 
competitions can be drawn. Table 2 lists descriptive statistics for this 
inventory. Later, we project savings from competing the entire inven- 
tory. 

Overall, the inventory is very similar to those functions already com- 
peted. However, there are some differences: 

• The average function is smaller. 

• DoD agencies are more prevalent. 

• Some functions have had only a very small percentage of billets 
competed (Health Services, Depot Maintenance, Research 
Support, and Training). 

• The inventory is 37-percent military compared to the 22 per- 
cent of previous competitions. 

Table 2.    Descriptive statistics for the 1995 DoD CA 
Inventory 

Billets 

Number of Percent 

tasks Total Per task military 

By service branch 

DoD Agencies 1,280 52,824 41.3 4.0 

Army 3,712 96,277 25.9 27.9 

Air Force 3,873 49,089 12.7 55.5 

Marines 523 19,082 36.5 56.0 

Navy 3,941 162,778 41.3 45.6 

By size (number of billets) 

1-10 7,897 31,198 4.0 29.8 

11-50 3,896 90,947 23.3 34.7 

51-100 923 64,560 69.9 38.3 

101-150 265 32,544 122.8 38.9 

151-200 113 19,378 171.5 59.8 

More than 200 235 141,423 601.8 36.4 

16 



Table 2.    Descriptive statistics for the 1995 DoD CA 
Inventory (continued) 

Billets 

Number of Percent 

tasks Total Per task military 

By function type 

Installation Services 3,619 90,950 25.1 30.9 

Social Services 2,020 26,774 13.3 13.9 

Health Services 1,369 64,852 47.4 63.3 

Intermediate Maintenance 1,069 35,334 33.1 73.5 

Depot Maintenance 139 43,869 315.6 1.7 

Real Property Maintenance 917 18,367 20.0 8.2 

Research Support 242 8,748 36.1 27.2 

Training 618 24,253 39.2 81.0 

Data Processing 706 14,505 20.5 14.7 

Other Nonmanufacturing 2,630 52,398 19.9 30.5 

Total 13,329 380,050 28.5 37.2 
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The empirical model and estimates 

Appendix A presents a formal theoretical model of the A-76 compe- 
tition process, and appendix B presents details of our model estima- 
tion techniques. This section gives an overview of the empirical 
model. Interested readers should consult the appendices for more 
background and detail. 

The empirical model 

Consider the following three-equation log-linear model: 

£n(Yu) =Xßl + uu (1) 

£n(Y2t) = Xfi2 + u2i (2) 

Ai (4)  =Xß3 + uSi , (3) 

where 

Y3i=min(4,Y„.)  . (3a) 

In equation (1), the baseline cost of function i, Yu, is modeled as a 
function of ^Q (a vector of exogenous variables including a constant 
term), ßj (a vector of parameters to be estimated), and uu (an error 
term). The minimum contractor bid, Y2i, is modeled similarly in 
equation (2). Modeling the in-house team's bid, Y3i, is slightly more 
complicated since it is bounded above by the baseline cost. Equation 
(3) gives the in-house team's unconstrained bid F3?.. According to 
equation (3a), the in-house team's bid Y3iequals YSi if YZi is less than 
baseline cost; the in-house team's bid equals baseline cost otherwise. 

The dependent variables are expressed as natural logarithms. The 
error terms uu, tu^, and t%i are joindy normally distributed with cova- 
riance matrix 2. 
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The dependent variables are expressed as natural logarithms. The 
error terms ui{, v^j, and «3, are jointly normally distributed with cova- 
riance matrix Z. 

The restriction given by equation (3a) is necessary because the in- 
house team cannot bid more than the baseline cost given by Yu. As 
the expression in equation (3a) shows, the in-house teams bid (Y3i) 
equals Y3i if F3. is less than the baseline cost and equal to the base- 
line cost otherwise. 

The parameters in equations (1) and (2) can be estimated consis- 
tently with Ordinary Least Squares (OLS), but unless un and u3i are 
independent, the parameters in equation (3) must be estimated with 
a Maximum Likelihood (ML) procedure. Since the likelihood func- 
tion for equation (3) includes the parameters in equation (1), the 
easiest way to proceed is to estimate equation (2) with OLS and then 
obtain ML estimates of equations (1) and (3). The likelihood func- 
tion and estimation procedure for equations (1) to (3) is given in the 
appendix. 

Empirical estimates 

Table 3 presents the empirical estimates of the equations describing 
the baseline cost, minimum contractor bid, and in-house bid given by 
equations (1), (2), and (3), respectively. 

All three equations include the same explanatory variables: number 
of billets, number of billets squared, number of military billets, a 
linear time trend, and a series of dummy variables for branch of ser- 
vice and type of function. We are taking an A-76 competition con- 
ducted by the Navy for the Installation Services function as the base 
case. Hence, we will not define dummy variables for the Navy or for 
Installation Services. The dependent variables and the three inde- 
pendent variables—billets, billets squared, and military billets—are 
in natural logarithms. The billets squared term was included to 
account for potential nonlinear effects of the logarithm of billets on 
the logarithm of the dependent variable. 
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Table 3.    Empirical estimates of baseline cost and bids3 

OLS Joint maximum likelihood 

ln(min. contractor bid) ln(baseline cost) ln(in-house bid) 

Independent variable       Coeff. (Std. err.) Coeff. (Std. err.) Coeff. (Std. err.) 

Constant 4.386 (0.068) 4.044 (0.051) 4.711 (0.067) 

In(billets) 0.768 (0.040) 1.020 (0.030) 0.762 (0.039) 

(In(billets)) 0.022 (0.007) -0.007 (0.005) 0.023 (0.006) 

ln(military billets) -0.076 (0.015) 0.003 (0.012) -0.063 (0.013) 

Time trend -0.026 (0.005) -0.015 (0.004) -0.044 (0.004) 

Service dummies 

DoD Agencies 0.250 (0.104) 0.145 (0.078) 0.056 (0.091) 

Army 0.201 (0.041) 0.157 (0.031) 0.112 (0.037) 

Air Force 0.138 (0.038) 0.185 (0.028) 0.190 (0.033) 

Marines -0.039 (0.108) -0.011 (0.086) -0.081 (0.098) 

Function dummies 

Social Services -0.786 (0.054) -0.402 (0.041) -0.287 (0.050) 

Health Services 0.210 (0.130) -0.082 (0.098) 0.070 (0.118) 

Intermediate Maintenance 0.080 (0.060) 0.072 (0.046) 0.077 (0.054) 

Depot Maintenance 0.130 (0.269) -0.067 (0.199) -0.165 (0.235) 

Real Property Maintenance 0.036 (0.049) 0.071 (0.037) 0.085 (0.043) 

Warehousing -0.133 (0.070) -0.183 (0.053) -0.197 (0.062) 

Air Transportation 0.845 (0.211) 0.676 (0.159) 0.616 (0.186) 

Research Support 0.137 (0.194) 0.018 (0.129) 0.074 (0.153) 

Training -0.129 (0.234) -0.204 (0.177) -0.171 (0.208) 

Data Processing -0.376 (0.073) -0.405 (0.055) -0.366 (0.067) 

Audio-visual -0.052 (0.078) -0.126 (0.059) -0.262 (0.069) 

Switchboard -0.707 (0.075) -0.598 (0.057) -0.777 (0.066) 

Telecommunications -0.229 (0.139) -0.201 (0.106) -0.194 (0.122) 

Administrative Support -0.598 (0.062) -0.585 (0.047) -0.673 (0.055) 

Other Nonmanufacturing 0.075 (0.066) -0.040 (0.050) -0.141 (0.059) 

Adjusted R2 0.862 n.a. 

Log likelihood n.a. -1.158 

2,069 2,069 

a. The omitted service dummy is Navy; the omitted function dummy is Installation Services. Dependent variables are natural logarithms of quantities measured in 
thousands of FY 1996 dollars on an annual basis. The military billets variable has been transformed by adding one before taking logs. 
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Baseline cost equation 

Discussing the equation for baseline cost first, we see that among the 
continuous variables, only billets and the linear time trend are statis- 
tically significant. The interpretation of the positive coefficient on bil- 
lets is intuitive and obvious: Larger tasks in terms of number of 
employees have a higher baseline cost. The negative coefficient on 
the linear time trend suggests that the baseline cost of the competed 
functions, after controlling for size and inflation, has been decreasing 
over time. Among the service dummies, we see that DoD Agencies, 
the Army, and the Air Force all have a statistically significant larger 
baseline cost than the Navy. 

Among the function dummies, Social Services, Data Processing and 
Other Nonmanufacturing all have a statistically significant lower 
baseline cost relative to Installation Services, whereas Intermediate 
Maintenance and Real Property Maintenance have a statistically sig- 
nificant higher baseline cost than Installation Services. 

Contractor bid equation 

In the equation describing the minimum contractor bid, all four con- 
tinuous variables are statistically significant. The positive sign on the 
billets squared term indicates that the contractor bid increases at an 
increasing rate as the size of the function increases. The negative sign 
on the number of military billets means that for a given number of 
total billets, the contractor bid is lower as the number of military bil- 
lets increases. The negative sign and magnitude on the linear time 
trend variable indicate that the dollar amount of the contractor bid 
has been decreasing faster than baseline cost over time. Among the 
Service dummies, with the exception of the Märine Corps, functions 
for all three services have higher contractor bids than do similar func- 
tions for the Navy. Among the Functions dummies, Social Services, 
Data Processing, and Other Nonmanufacturing, all have statistically 
significant lower contractor bids relative to the base case of Installa- 
tion Services, whereas only Health Services functions have statistically 
significant higher contractor bids. 
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In-house bid equation 

Finally, in the equation describing the in-house team bid, we again see 
that all four continuous variables are statistically significant. The 
interpretation of these coefficients is the same as with the contractor 
bid. The dollar amount of the bid increases at an increasing rate with 
the number of billets and decreases with the number of military bil- 
lets. The in-house bid has decreased faster over time than either base- 
line cost or contractor bid. Unlike the contractor bid, only those 
functions for the Army or Air Force have significantly higher bids 
than similar functions for the Navy. Among the function dummies, 
only Data Processing and Other Nonmanufacturing are statistically 
significant. The negative coefficients for these functions indicate that 
the in-house team bid for these functions is lower than similar bids for 
Installation Services. 

Total savings elasticities 

An advantage of this model is its more structural form which allows 
greater insight into the process that generates savings. However, one 
disadvantage is that the overall impact on savings of changing an 
explanatory variable is not immediately obvious. 

We have calculated the impact of changing the number of civilian 
and military billets on total savings. Our model implies that: 

• A 1-percent increase in the number of civilian billets in a com- 
petition leads to a 2-percent increase in savings. 

• A 1-percent increase in the number of military billets leads to a 
5-percent increase in savings. 
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Policy analysis and conclusions 

Projecting savings into the DoD CA Inventory 

Based on parameter estimates of equations (1) to (3a), one can 
project the annual savings that would be realized if all the remaining 
functions in the DoD CA inventory were successfully competed. Since 
equations (1) to (3a) are estimated by first taking natural logarithms 
of the respective explanatory and independent variables, in order to 
project savings, we must undo the logarithm. Also, equation (3) must 
be adjusted to account for the censoring at baseline cost. This yields 
the following three equations: 

Yu= exp(X.ß1 + Mli) (4) 

Y2i= exp(XI.ß2 + «2f) (5) 

Y3i = minexp (X.ß3 + u$t) , yH] , (6) 

where exp is the exponential function. The savings for function i is 
then given by 

Si = Yli-YSi  XYSi<(l+A)Y2i 

Si =  YirY2i   *Y3i>(1+A)Y2i (7) 

where A is the bidding advantage given to the in-house team, cur- 
rently set at 10 percent. If the in-house bid is less than the contractor 
bid scaled up by A, then the in-house team wins and the savings are 
Yi; -Y3i; otherwise, the contractor wins and the savings are YH -Y2i. 

Equations (4) to (7) combined with estimates of the parameters ßl9 

ß2, ß3 and an estimate of the error covariance matrix E can be used to 
predict potential savings in the A-76 CA inventory. Let Uy be the /h 
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draw from a normal distribution with covariance matrix 2. Substitut- 

ing u, and ß into equations (4) to (7) yields the/1 draw of savings for 
the 2th function in the A-76 inventory, denoted by S^. If this process is 

repeated R times with R separate draws of Uy, an estimate of savings for 

a completed A-76 competition for function i is 

1 v 
= RlSi 

R 

(8) R 
; = i 

This process can be repeated for each of the Nfunctions in the A-76 

inventory. Total predicted savings if all Nfunctions in the A-76 inven- 

tory are successfully competed is given by 

N 

s   = Ys . (9) 
tot        J~J    i 

j=l 

These projected savings are presented below. 

Projecting the savings into the 1995 DoD CA Inventory 

The simulation methodology just presented can be used to analyze 

the effects of various policy changes. The first such projetion we com- 

puted was to project the savings from competing the entire 1995 DoD 

CA Inventory using the current A-76 rules for competition. These 

projected savings are broken down by function type and service 

branch in table 4. 

The remainder of the section will focus on the savings projection 

summarized in table 5. The total simulated savings from the CA 
inventory is $5.96 billion. This figure is only slightly lower than the 
estimate of $6.2 billion in [2]. Interestingly, while the in-house team 
won about half of the A-76 competitions historically, the in-house 
team is predicted to win a large majority, about 56 percent, of the 
tasks in the CA inventory. Relative to the tasks involved in the com- 

pleted A-76 studies, the characteristics of the CA-inventory tasks make 

them better suited, on average, for in-house performance. It would 

be a mistake to conclude from this statement that the gains from com- 

peting tasks in the CA inventory are small. The simulated savings per 
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billet for the CA inventory tasks are virtually identical to the $18,600 
for the completed studies, and the simulated savings per task, at 
$534,000, are close to the $686,000 for the completed studies. The 
results highlight the point that, even if the in-house team wins the bid- 
ding, savings still arise from competitive pressures provided by the 
threat of losing to outside contractors. 

Table 4.    Projected savings from competing the entire 1995 DoD CA Inventory3 

Service branch 

Function type Army DoD Agencies Air Force Marines Navy Total 

Installation Services 307.5 379.9 405.9 173.4 409.6 1,676.3 
Social Services 74.4 213.7 50.9 19.6 112.8 471.3 
Health Services 501.7 a 49.0 0.5 375.3 926.5 
Intermediate Maintenance 77.6 2.3 251.3 15.1 486.4 832.7 
Depot Maintenance 85.2 4.2 11.2 35.6 120.4 256.6 
Real Property Maintenance 90.5 6.9 98.0 34.7 103.2 333.4 
Warehousing 22.3 25.0 6.8 12.3 a 66.4 
Air Transportation 0.2 a a 0.5 15.2 15.9 
Research Support 9.9 a 80.4 a 57.8 148.1 
Training 32.2 0.7 72.6 29.1 277.2 411.9 
Data Processing 60.3 27.3 9.7 10.7 42.4 150.4 
Audio-visual 16.8 0.9 8.6 5.4 3.8 35.5 
Switchboard 6.9 0.4 3.1 3.3 2.1 15.7 
Telecommunications 26.8 0.8 2.8 10.2 68.2 108.7 
Administrative Support 15.4 2.1 5.9 2.7 10.9 36.9 
Other Nonmanufacturing 111.0 54.2 48.4 21.8 239.6 475.1 

Total 1,438.7 718.4 1,104.6 375.0 2,324.8 5,961.5 

a. Figures are in millions of FY 1996 dollars. Entries marked a have no counterparts in the 1995 CA inventory. Simu- 
lations are performed setting time trend to 1983, the mean for completed A-76 competitions. 

Changing the rules 

Our model also allows us to change the rules of the competitions and 
re-estimate savings. We used the simulations for the base case (cur- 
rent policies and rules for competition) as a standard for comparison 
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to the five policy alternatives. Each policy scenario specifies different 
rules under which tasks are competed. For each policy scenario, two 
sets of results are provided in table 5. The set of results reported in 
the first two columns of the table assumes the 2,076 completed A-76 
studies are competed under the rules of each policy scenario. The 
results reported in the last two columns of the table assumes the 
13,329 tasks in the CA inventory are competed under the rules of 
each policy scenario. As before, all figures are annual savings in 
IY1996 dollars. 

Table 5.    Projected savings from different hypothetical policy changes3 

Prior A-76 competitions Entire 1995 CA Inventory 

Predicted Predicted annual 
annual savings savings 

Percent Percent of Percent Percent of 

in-house Billion policy (1) in-house Billion policy (1) 

Policy wins dollars savings wins dollars savings 

(1) Current conditions 49.9 1.43 100.0 56.4 5.96 100.0 

(2a) Without in-house team sbidb 0.0 1.39 97.2 0.0 5.68 95.3 

(2b) Without in-house team sbid 0.0 1.02 71.3 0.0 3.16 53.0 
(always outsource) 

(3) Effects of competition on 
in-house teamc 

100.0 0.93 65.0 100.0 4.06 68.1 

(4) In-house bidding 

Advantage = 0 

39.0 1.45 101.4 46.3 6.05 101.5 

(5) In-house bidding 

Advantage = 25% 

(6) In-house team allowed 

to exceed baseline cost 

64.9 

34.8 

1.35 

1.19 

94.4 

83.2 

69.8 

38.7 

5.60 

4.47 

94.0 

75.0 

(7) In-house overhead 

adjusted from 5% to 12% 

42.4 1.75 122.4 49.5 7.40 124.2 

a. Results for CA Inventory fix the time trend at 1983, the mean for completed A-76 competitions. 
b. Assumes function continues to be performed by the in-house team at baseline cost if private contractors exceed 

this amount. 
c. The in-house team always wins but bids like it will not. Assumes the in-house team bids as if private contractors 

are present. 
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Policy scenario number (2a) assumes that the in-house team is 
excluded from the bidding so that only outside contractors are 
allowed to participate. It is assumed that if the minimum contractor 
bid exceeds baseline cost, the function is not privatized but rather 
continues to be performed by the in-house team. In other words, the 
government is assumed to have a secret reservation value in the pro- 
curement auction equal to baseline cost. We will say that the in-house 
team never wins the bid (it cannot since it does not submit a bid itself) 
in this policy scenario even though it may end up performing the 
function. The tasks are always privatized under this scenario. Savings 
fall by 3 percent for the sample of completed studies and by 5 percent 
for the CA inventory. This figure should be regarded as a lower bound 
on the true reduction in savings that would result from the policy 
change. The reason is that the simulations are conducted under the 
assumption that bidding strategies do not change with the policy sce- 
nario. That is, the private contractors pursue the same bidding strat- 
egies whether the in-house team is bidding along with them (as under 
current policy conditions and in policy scenario (1)) or is excluded 
from the bidding (as under policy scenario (2a)). It is likely, however, 
that contractors would bid less aggressively if a competitor were 
removed from the bidding process. This is especially true if the in- 
house team is removed from the bidding process since the in-house 
team is a unique competitor, with its 10-percent bidding advantage 
and possible inherent efficiency in performing certain tasks. Taking 
into account the additional strategic effect—that contractors should 
bid less aggressively if the in-house team were removed from the bid- 
ding process—savings would fall by more than the 3 to 5 percent pre- 
dicted by the simulations. 

Under policy scenario (2b), the in-house team was removed entirely. 
That is, the function was privatized even if the minimum contractor 
bid exceeded baseline cost. This caused a sharp fall in the savings. 
Completed A-76 competitions only saved $1.02 billion or 71 percent 
of the base case. Thus, it would be a mistake to conclude from a com- 
parison of policy scenarios (1) and (2a) that the in-house team adds 
little to the A-76 process. At a minimum, DoD should use the in-house 
team as a fall-back in case the contractor bids are too high. 
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Policy scenario number (3) involves the exclusion of outside contrac- 
tors from the bidding process, leaving the in-house team as the sole 
bidder. Within the sample of completed competitions, savings are 
predicted to fall by almost half; for the CA inventory, savings are pre- 
dicted to fall by 7 percent. Note, however, that the simulation implic- 
idy assumes that the in-house team bids as if the private contractors 
were present. The caveat made in the previous paragraph—that these 
figures understate the true effect of the policy change—applies even 
more strongly here: Facing no competition, there would be little 
reason for the in-house team to bid below its baseline cost, in which 
case the competitions would produce no savings. The fact that we do 
not account for strategic changes in bidding behavior can be viewed 
as a virtue. To see this requires some background discussion. Savings 
from A-76 competitions arise from three sources: 

• Outsourcing: Private contractors may be more efficient than 
the in-house team at providing certain tasks. This may be due 
to random chance: A private contractor may happen to have 
employed a good manager or have developed a low-cost tech- 
nology. 

• The larger the number of private contractors involved in bid- 
ding, the greater the probability that at least one is more effi- 
cient than the in-house team. 

• Competition: Even if private contractors are no more efficient 
than the in-house team, the threat of losing the competition 
may lead the team to submit a bid that is lower than its baseline 
cost. Cost reductions can come from innovation and elimina- 
tion of waste. 

The set of counterfactual assumptions embodied in policy scenario 
(3) can be used to separate the third component from the other two. 
Savings from competition can be read direcdy from row (3) of table 
5: $930 million for completed A-76 competitions and $4.06 billion for 
the CA inventory. Recall that policy scenario (3) assumes the in-house 
team bids as if the outside contractors were present, thereby exerting 
competitive pressure, but assumes that the in-house team wins the 
competition. Competitive pressures on the in-house team thus 
account for 65 percent of total savings in previous competitions. 
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Policy scenarios (4) and (5) involve changing the in-house team's bid- 
ding advantage, removing the advantage entirely in policy scenario 
(4) and increasing it to 25 percent in policy scenario (5). Although 
these policy alternatives involve a significant change in the probabil- 
ity that the in-house team wins, the change in savings from the base 
case is fairly small. To explain this result, consider, for concreteness, 
the policy change of removing the in-house bidding advantage for the 
sample of completed A-76 competitions. This change affects about 7 
percent of the tasks; i.e., with 7 percent of the completed tasks, 
removing the bidding advantage changes the identity of the winner 
from the in-house team to an outside contractor. For the remaining 
93 percent of the tasks, removing the bidding advantage would have 
no effect (disregarding, for the moment, the effect of the policy 
change on bidding strategies). Even for the 7 percent of the tasks 
where the policy change has some effect, this effect is capped: The 
private contractor's bid must have been within 10 percent of the in- 
house bid. These statements are well illustrated in figure 3. Only 
those points between the two dark slanted lines would be affected by 
removing the in-house bidding advantage. For these points, the 
change in savings is bounded by the width of the narrow band. 

With policy scenarios (4) and (5), it is important to remember the 
caveat that the simulations do not account for possible changes in 
bidding strategies. It is reasonable to suppose that removing the in- 
house bidding advantage would make it a more aggressive bidder and 
the private contractors less aggressive bidders. On the other hand, 
it is reasonable to suppose that increasing the in-house bidding 
advantage to 25 percent would make it bid less aggressively and the 
private contractors bid more aggressively. It is difficult to predict 
which of these counteracting strategic effects is larger and, thus, dif- 
ficult to assess the bias in our simulations. 

The fifth policy alternative removes the requirement that the in- 
house team must bid no higher than its baseline cost. Relative to the 
base case, the in-house team wins less often and savings fall, by 17 per- 
cent for completed A-76 competitions and by 25 percent for the CA 

18. On the other hand, this change could attract additional private bidders. 
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Conclusions 

inventory. The reduction in savings comes from those tasks for which 
the private contractors do not provide much competitive pressure on 
the in-house team to reduce its bid. The predictions do not account 
for the fact that the private contractors' bidding strategies may well 
become less aggressive if such a policy change were enacted. Conse- 
quently, the simulated reduction in savings from the policy change 
should be regarded as a lower bound. Overall, this policy change has 
relatively more significant effects than changing the in-house team's 
bidding advantage. 

The last policy alternative adjusts the overhead rate for baseline cost 
and the in-house bid upwards to reflect the new OMB policy. The 
number of in-house wins decreases noticeably as expected. Savings 
increases by about 22 percent for past competitions and 24 percent 
for the competing the 1995 CA inventory. 

The policy alternatives in table 5 do not exhaust the set of possibili- 
ties. It would be a straightforward exercise to apply the simulation 
methodology to a wide range of proposed policy changes. 

Again, we have not taken into account strategic effects in the simula- 
tion. It is likely that the in-house team would bid more aggressively 
and the private contractors less aggressively in response to the policy 
change. The net strategic effect is unclear. 
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Appendix A 

Appendix A: Theoretical bidding model 

In this section, we present a formal model of privatization competi- 
tions. The government requires the performances of certain func- 
tions, indexed by i. At the onset, in stage 0, function us performed by 
an in-house team, labeled /. Let Y^ denote the baseline cost of func- 
tion i. Baseline cost is therefore the cost to the government of having 
the function performed during this initial stage. Baseline cost is 
determined by the following: 

yH= W?*7>A0'Mn)' (10) 

where JQ is a vector of variables relating to the scale and complexity 
of function i, Xj is a vector of variables relating to I's inherent techno- 
logical efficiency, AQ is a vector of variables relating to the stringency 
of the government's monitoring and control of I's costs, and uu is an 
unobservable error term. To illustrate the role of AQ in equation (1), 
holding all other variables constant, baseline cost may be relatively 
high if the government exerts little control over 7s cost and relatively 
low if/under an optimal incentive contract along the lines proposed 
in [11]. In practice, variables X/and A0may be unobservable and 
therefore folded into the error term for estimation purposes. Assum- 
ing this is so, and defining a log-linear relationship between the 
dependent and independent variables, the specification of (1) 
becomes (2) 

£n(Yu) =XI.ß1 + «1,.. (11) 

In the next stage of the model, the government conducts a privatiza- 
tion competition such as the A-76 competition. In the privatization 
competition, the in-house team and a number of private contractors 
bid for the right to be the sole provider of function ifor the govern- 
ment. Let {P-} be the set of private contractors that are potential 
bidders. This set includes actual participants in the privatization 
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competition as well as those who elect not to participate, effectively 
submitting infinite bids. The players submit secret bids simulta- 
neously. A private contractor's bid is the price at which it agrees to 
perform the function; the in-house team's bid is the cost at which it 
agrees to perform the function. We assume all players know their own 
cost of performing the function. Thus, the privatization competition 
is a private-values procurement auction. 

Let Fjjbe /s bid. Let Y2ibe the lowest of the outside contractor's bids. 
That is, y„ ■ = min { Y9.. I j = 1, 2,...N} , where F9.. is the bid of con- 
tractor Pj. The government selects the winning bid J7. according to 
prespecified rules. A simple rule would be to select the lowest bid. We 
will allow the government to use a more complicated selection rule, 
possibly providing an incumbency advantage to the in-house team: 

K.= y, if y,.£(i + A)K '2i 

= Y9i if K.>(1+A)F« '3» li (12) 

According to equation (12), /wins the competition as long as its bid 
is less than a scaled-up version of the private contractor's bid. For the 
A-76 competitions considered in this study, the scaling factor, A, was 
10 percent. Of course, if A= 0, then equation (12) simply selects the 
lowest bid. 

In the last stage of the game, the winning bidder performs the task 
for the government according to the terms of its bid. A schematic dia- 
gram of the timing of the game is provided in figure 4. 

Figure 4.   Timing of model 

/performs 
function for 
government. 

Cost YH 

Government 
announces 
competition 

Outsourcing 
competition. 

/ submits bid Y3i. 
Py submits bid Y^y- 

Winning bid 
chosen 

Winner performs 
function for 
government. 

Cost V- 

Stage 0 Stage 1 Stage 2 
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Private contractor's bids 

Private contractor P,is assumed to choose its bid K.. to maximize its 
j £i] 

expected profit, defined as the payment from the government minus 
the cost of performing the task. An increase in its bid has two effects: 
the positive effect of increasing the revenue it obtains if it wins the 
outsourcing competition and the negative effect of decreasing the 
probability if it wins the competition. Formally, let ¥ (Xf X.,v.) denote 
Pj's cost of performing the task. This cost depends on several vari- 
ables. As before, X„ is a vector of task-specific variables relating to the 
scale and complexity of the task that would increase the cost of per- 
forming. Xj is a vector of contractor-specific variables that would 
increase the cost of performing the task. X?- and X are assumed to be 
observable to all players. Similar to X-, v is a vector of variables relat- 
ing to Pj's cost of performing the task, the difference being that v. is 
assumed to be unobservable to all players except P:. Let f: be the den- 
sity function and F.-be the distribution function associated with v.. 
Assume these functions are common to all players. Normalizing its 
profit conditional on losing the outsourcing competition to zero, we 
can express Py's optimization problem as 

*2y = argmaX
Ce 3j+ K0-*^ Xfvp ]Pr[C< minW2ik)kitf [1/(1+A ) YSi)]}. 

(13) 

From equation (4), we can derive the following reduced-form expres- 
sion for PjS equilibrium bid: 

Y*ij = Y*lx*xf WA*/*V>
A

'
A

0'
V

J)- (14) 

It is clear that Y2i, will depend on Xj, Xjt and v. since these variables 
directly affect P -'s cost of performing the task. The other variables 
affect Y2.. indirectly by affecting the best-response functions of the 
other players. Just as X, affects Pj's bid, a vector of variables increasing 
Pk's cost of performing the task, denoted by Xk, affects Pk's bid. Simi- 
larly, a vector of variables increasing /s cost of performing the task, 
denoted by Xj, affects /s bid. An increase in any of the variables in 

{Xk\k*fi or X7will tend to cause PJs rivals to bid less aggressively, and 
this will have the indirect effect of causing P- to bid less aggressively. 
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Of course, this indirect effect can only occur if {Xk\k*j\ and X7are 

observable to Pj, as we have assumed. Similarly, an increase in X2- will 

affect a rival's best-response functions and thus will have an indirect 

effect, as well as a direct effect, on Pjs equilibrium bid. As will be dis- 

cussed in more detail in the next subsection, increases in A and 

A0may have an indirect effect on P-s bid by causing I to bid less 

aggressively. 

In view of equation (14), the minimum of the private contractors' 

bids can be written 

Y2i = F2[x? {Xy|; = !,...,#;}, X?A,A0, {*.[/ = 1,...,^}) (15) 

In practice, we may not observe variables {Xlj = 1....AT} , Xjor AQ . 

Recognizing this fact, letting the relationship between the indepen- 

dent and dependent variables be linear, and collecting the unobserv- 
able error terms together as u2i, equation (15) becomes (16) as 

shown below 

Y2i=Xih+U2i- <16> 

Note that another difference between equations (15) and (16) is the 
exclusion of a Aterm. A has been excluded from equation (16) 
because, in practice, the rules of the privatization competitions held 

A constant across function i. It is important to remember that the 

coefficients ß2 are conditioned on A. Changes in A will cause 

changes in ß2 . However, it may be possible to predict the direction of 

the effect of A on ß2 , so policy simulations involving changes in 

A will still be useful. 

In-house team's bid 

Fs decision problem is similar to the private contractor's described 
above. One difference is that the private contractors are for-profit 

19. The comparative-statics results given in this paragraph are conjectures 
meant to build intuition regarding the reduced-form bid in (12). In 
general, it is not possible to sign the partials unless strong assumptions 
are placed on the distribution of the unobservable terms vt- and vr 
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firms, while /is a nonprofit unit of government. We will address this 
first issue by supposing the cost-reduction provides /with disutility, 
rather than a reduction in revenues as with the private contractors. 
Another important difference is that at the privatization stage, /has 
already demonstrated it can provide the task at a cost Y1. in stage 0. 
The government can reduce the ultimate cost of obtaining the task by 
constraining /s bid to lie below F, f. We will address this issue by treat- 
ing /s desired bid as a latent variable that may differ because of the 
government's constraint from /s actual bid. 

Let Y5ibe the solution to the following optimization problem for /: 

Y    = argmax        + { U( C, X X. V/) Pr[C < (1 + A) F  ]} , (17) 

where X: and v7are to /as Xj and v are to Pj. To account for the fact 
that /is a nonprofit unit, instead of the profit term appearing in (4), 
a term measuring /s surplus from performing the task, denoted by 
£/(C,X, Xp v7) ^ appears in (17) We assume dU/dC > 0. That is, we 

assume /s utility is lower for a lower cost target. There are many 
potential sources of this disutility: effort, the disutility of cost-cutting 
measures such as firing employees, and so forth. As a reduced form, 
y3f can be written 

4 = 7* (X, X, {X.I>1, ...2V.}A, A^ v7) . (18) 

It is clear from (12) that Y3i should depend on A, the bidding advan- 
tage given to /by the government. An increase in A will tend to make 
/bid less aggressively. It may be less clear why Y3i should depend on 
AQ. This is due to an indirect effect. Though YSi may not depend 
directly on AQ, as will be formalized below, its realized bid, YSi, may. 
The private contractors form their bids {y2j..lj = 1....JV.} based on 
their expectations of YSi, and YSi in turn depends on /s expectations 
of { y2. Jj = 1,... JV.} . This indirect effect will only arise if AQ is observ- 
able to the private contractors. Similar reasoning can be offered that, 
in addition to its direct effect on Y$i, X{ may exert an indirect effect 
on y, • as well. 

3Z 
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By analogy to the derivation of (16) from (15), we can express (18) in 
a form that can be implemented as 

The government's constraint that /s realized bid cannot exceed base- 
line cost implies 

ySl. = »in(y1?y;p  . (20) 

To interpret (20), Y3i can be thought of as a latent variable measur- 
ing /s desired bid. If Y%i is less than Yu, YB. is the realized bid. If YSi 

exceeds Yu, the latent variable is not observed, and Yl{ is the 
observed or realized bid. 

Cost savings from competition 

In this section, we derive an expression for the expected cost savings 
due to outsourcing. The discussion will be based on reduced-form 
equations (11), (16), and (19). Some simplifying notation will prove 
useful. Let w. = («j t, u2e u$i) be the vector of error terms and/be its 
associated density. Define £/. to be a set of realizations of u{, Un to be 
the subset of ut such that /wins the outsourcing competition, and Upi 

the subset of «,- such that a private contractor wins. That is, 

Un= {uieUi\YSi<(l+A)Y2i} 

Upi= {uieUi\Y,i>(l+A)Y2i}. 

The expected cost savings from the competition equals 

J ^/(up dur J F2/(«p dur J y3/(u.) d«f.  . (21) 
u{ uPi un 

Note that equation (21) is a highly nonlinear function of the errors. 
In general, there exists no easily attainable closed-form solution for 
this expectation. This justifies the use of the simulation methodology 
for predicting savings discussed in the text. 
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Appendix B: Estimating the bidding and 
baseline cost equations 

Consider the three equation models given by 

£n(Yu) =Xpi + uu 

£n(Y2t)  =Xß2 + u2i 

(22) 

(23) 

£n(Y5i) =X.ß3 + «3. , 

where 

(24) 

y3.= min(F3?Flf) (24a) 

Equation (23) can be estimated consistently with ordinary least 
squares. Equations (22) and (24) can be estimated consistently with 
a maximum likelihood (ML) procedure. 

To estimate equations (22) and (24), assume the vector of error terms 
u{ = (u1;, u2i, u3i) is distributed Normally with zero mean and covari- 
ance matrix 2 given by 

S = 

°1    °12    G13 

G12    °2    °23 

*<  ai3    °23    °3 J 

Defining p.. = °ij 
y 0:0. 

I  J 
of equations (22) and (24) is given by 

the likelihood function for the joint estimation 
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L = n{e|F3i<yii}Pr(«lf)Pr(«3i|Ml.)n{i|F3;>F1.}Pr(«i;)Pr(73i>Fli|uli) 

(25) 

where Pr(uu) , Pr(u3i\uu) , and Pr(Y3i> Yu\uu) are given by 

1 Pr(^= fi^iexp 1 

KG2J 
= ^ 4>(uH)    • (26) 

Pr(U3f|ttli)   =     /        2 2 i exp 
2TCG3(1-P13) 

1 

2o3(l-Pi3) 

Pl3g3 
Ma. - ~~—     u. 

^A/i-PlS 

<t> 

Pl3g3 
—t"— u, ■ 

M, 3i 

°3^- 
2 

Pis; (27) 

Pr(YSi>Yu\uu)  = Pr(Xß3 + uSi>Yu\uu) 

= Pr(u3i>Yu-X£3\uu) 

= l-O 

Pl3°3 

U3i~- 

■F- 2 
PisJ (28) 

where 

(j> = Standard normal probability density function 

O = Standard normal cumulative distribution function. 

Substituting Pr(un), Pr(u3i\uH), and Pr(Y3* > Yn\un) in equation (4) 
gives 
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{i\ySi<y^ 

1 

n (^(^li-^-ßi)) 
{i\Y3i*Yu} 

Wi - p 
■* 

hrxh- 
Pl3a3 

(^le-^ßl) 

2 
Pl3 

1-0) 

Pl3°3 

%/*" 
2 

Pl3 
(29) 

Olsen in [12] has shown that likelihood functions such as equation 

(29) have a unique maximum conditional on p. Also, Nawata in [13] 

has shown that the likelihood function conditional on p gives reliable 

estimates. For this reason, we maximize equation (29) for a given p13 

and then search over the interval -0.99 < p13 < 0.99 for the final ML 
estimates. A plot of the maximum likelihood value as a function of 
pi3 is given in figure 5. 

Figure 5.   Grid search over p13 

"5    -1.3 

-1.4 
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Note that all the elements of 2 can be easily estimated except a23. Esti- 
2 2 

mates of p13, G{, and G3 are obtained by the ML procedure which 

can be used to also compute G13. An estimate of o"2 is obtained from 

OLS, and an estimate of p12 can be obtained from within the sample 

residuals of equations (22) and (23). An estimate of p23 can be 

obtained with stochastic simulation of predicted savings from 

Yu= exp(Xiß1 + «li) (30) 

F2f= exp(X.ß2 + «2f) (31) 

y3. = min [exp ((Xfß3 + u3i), Yu) ] (32) 

Si = Yu-YSi if Y5i<(l+A) Y2i 

= YirY2iifYSi>(l+A)Y2i (33) 

Let uy be the 7th draw from a normal distribution with covariance 
matrix £, where the estimate of p23 is set at -0.99. Substituting Uy and 
the parameter estimates into equations (30)-(33) yields the/1 draw 
of savings for the zTh function in the A-76 completed competitions, 

denoted by S^. If this process is repeated R times with R separate 
draws of Uy, an estimate of savings for a completed A-76 competition 

for funciton i is 

R 

*, = ;s2V (34) 

This process can be repeated for each of the N functions in the com- 
pleted A-76 competitions. Total predicted savings for the N com- 

pleted A-76 competitions is given by 

N 

sM =lsi- (35) 
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To obtain an estimate of p23, repeat the stochastic simulation of equa- 
tions (30) to (35) in 0.01 step increments for all values of P23 in the 
interval -0.99 to 0.99. The value of p23 that gives predicted savings 
from equation (35) equal to observed savings in the completed A-76 
competitions is the estimate of p23- 
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