
A  Report of the  
CSIS DEFENSE-INDUSTRIAL INITIATIVES GROUP

Evaluating Consolidation 
and the Threat of Monopolies 
within Industrial Sectors

F E B R U A R Y  2 0 1 9

PROJECT DIRECTOR 

Andrew P. Hunter

AUTHORS 

Gregory Sanders 
Zach Huitink

DEFENSE-INDUSTRIAL
INITIATIVES GROUP



FEBRUARY 2019

PROJECT DIRECTOR
Andrew P. Hunter

AUTHORS
Gregory Sanders 
Zach Huitink

Evaluating Consolidation and 
the Threat of Monopolies 
within Industrial Sectors

A Report of the CSIS DEFENSE-INDUSTRIAL INITIATIVES GROUP



II

Evaluating Consolidation and the Threat of M
onopolies w

ithin Industrial Sectors

About CSIS 

Established in Washington, D.C., over 50 years ago, the Center for Strategic 
and International Studies (CSIS) is a bipartisan, nonprofit policy research 
organization dedicated to providing strategic in sights and policy solutions 
to help decisionmakers chart a course toward a better world.

In late 2015, Thomas J. Pritzker was named chairman of the CSIS Board of 
Trustees. Mr. Pritzker succeeded former U.S. senator Sam Nunn (D-GA), 
who chaired the CSIS Board of Trustees from 1999 to 2015. CSIS is led by 
John J. Hamre, who has served as president and chief executive officer 
since 2000.

Founded in 1962 by David M. Abshire and Admiral Arleigh Burke, CSIS is 
one of the world’s preeminent international policy in stitutions focused on 
defense and security; regional study; and transnational challenges ranging 
from energy and trade to global development and economic integration. 
For the past seven years consecutively, CSIS has been named the world’s 
number one think tank for international security by the University of 
Pennsylvania’s “Go To Think Tank Index.”

The Center’s over 220 full-time staff and large network of affiliated schol-
ars conduct research and analysis and develop policy initiatives that look to 
the future and anticipate change. CSIS is regularly called upon by Congress, 
the executive branch, the media, and others to explain the day’s events and 
offer bipartisan recommendations to improve U.S. strategy.

CSIS does not take specific policy positions; accordingly, all views expressed 
herein should be understood to be solely those of the author(s).

© 2019 by the Center for Strategic and International Studies. All  
rights reserved.

ISBN: 978-1-4422-8101-1 (pb); 978-1-4422-8102-8 (eBook)

Center for Strategic & International Studies
1616 Rhode Island Avenue, NW
Washington, DC 20036
202-887-0200 | www.csis.org

Rowman & Littlefield 
4501 Forbes Boulevard 
Lanham, MD 20706 
301-459-3366 | www.rowman.com



III

Acknowledgments

This material is based upon work supported by the Naval Postgraduate 
School Acquisition Research Program under Grant No. N00244-17-1-0014. 
The views expressed in written materials or publications, and/or made 
by speakers, moderators, and presenters, do not necessarily reflect the 
official policies of the Naval Postgraduate School nor does mention of trade 
names, commercial practices, or organizations imply endorsement by the 
U.S. Government. The study team would like to thank Nancy Moore for her 
presentation at the Acquisition Research Symposium that originally inspired 
this idea proposal. The study team is also grateful to interns Ravi Maddali, 
Zhian Wang, Sam Mooney, Nicholas Blanchette, and Madeleine Gagne for 
their support of this paper and to editor Jim McNierney for fast turnaround 
editorial support. Intern Xinyi Wang deserves extra commendation for her 
work on exploratory statistics.





V

Contents 

Figures, Tables, and Equations  ...................................................................................................  VI

Abstract  .................................................................................................................................................. VII

Executive Summary  .......................................................................................................................  VIII

1 | Introduction  ...................................................................................................................................  1

2 | Literature Review  ........................................................................................................................  3

 2.1 | Concentration in the Defense Industry  .....................................................................  4

 2.2 | Industrial Concentration – Definition and Measurement  ................................  6

 2.3 | Causes of Industrial Concentration and Monopolies  .........................................  7

 2.4 | Concentration, Competition, and Performance  ...................................................  9

3 | Conceptual Framework and Hypotheses  ..................................................................... 12

3.1 | Industrial Concentration and Contract Performance –  
Direct Relationship  .......................................................................................................... 13

3.2 | Industrial Concentration and Contract Performance –  
Mediating Role of Competition  .................................................................................. 13

4 | Data and Methods  ....................................................................................................................  15

 4.1 | Data Sources and Structure  ........................................................................................ 16

 4.2 | Measures of Dependent and Independent Variables  ....................................... 17

 4.3 | Empirical Approach  ........................................................................................................ 27

5 | Results  ............................................................................................................................................. 32

 5.1 | Industrial Concentration’s Correlation with Competition  .............................. 33

5.2 | Ceiling Breaches’ Correlation with Industrial Concentration  
and Competition  .............................................................................................................. 36

5.3 | Terminaiton’s Correlation with Industrial Concentration  
and Competition  .............................................................................................................. 39

6 | Discussion  ..................................................................................................................................... 44

 6.1 | Industrial Concentration  .............................................................................................. 45

 6.2 | Competition  ....................................................................................................................... 46

 6.3 | Other Noteworthy or Unexpected Results  ............................................................. 50

 6.4 | Robustness and Limitations of the Research  ....................................................... 52

7 | Conclusions  .................................................................................................................................. 56

Appendix A: Model Diagnostics  ................................................................................................. 60

Appendix B: About the Authors  ................................................................................................. 62

Appendix C: Variable Summary  ................................................................................................. 63



VI

Evaluating Consolidation and the Threat of M
onopolies w

ithin Industrial Sectors

Figures, Tables, and Equations 

Figures
Figure X-1 | Industrial Concentration in Defense Platform Portfolios  ..................  XI

Figure 1 | Concentration in Selected Defense Detailed Industries  ........................ 20

Figure 2 | Percent of Frequency and of Obligation for Defense NAICS  
 Sector Codes  ............................................................................................................................... 22

Figure 3 | Percent of Frequency and of Obligations for Top 19 Defense NAICS  
 Subsectors  .................................................................................................................................... 23

Figure 4 | Percent of Frequency and of Obligations for Top 5 Defense  
 Agency Codes  ............................................................................................................................. 29

Figure 5 | Fitted and Residual Plots for Ceiling Breaches  ........................................... 60

Figure 6 | Fitted and Residual Plots for Terminations  .................................................. 61

Tables
Table 1 | Regression Model of Log(Number of Offers)  ................................................ 35

Table 2 | Ceiling Breach Odds Ratios  ..................................................................................... 36

Table 3 | Logit Models of Ceiling Breaches  ......................................................................... 38

Table 4 | Terminations Odds Ratio  ......................................................................................... 40

Table 5 | Logit Model Results for Terminations  ............................................................... 41

Table 6 | Concentration Summary Table  ............................................................................. 45

Table 7 | Competition Summary Table  ................................................................................. 49

Table C-1 | Dependent Variables  ............................................................................................. 63

Table C-2 | Level 2 and Level 3 Variables Included in the Model  ............................ 63

Table C-3 | Description Independent Level 1 Variables Included in  
 the Model  ......................................................................................................................................  63

Table C-4 | Description Independent Level 1 Contract-Level Variables Included  
 in the Model  ................................................................................................................................ 64

Equations
Equation 1 | Industrial Concentration and Competition  ............................................. 30

Equation 2 | Combined Industrial Concentration and Competition and  
 Ceiling Breaches  ........................................................................................................................ 30

Equation 3 | Combined Industrial Concentration and Competition and  
 Terminations  ............................................................................................................................... 31



VII

Abstract

Economics scholars and policymakers have rung alarm bells about the 
increasing threat of consolidation within industrial sectors. This paper 
examines the importance of industrial concentration in U.S. defense 
acquisition in two ways: first, a direct relationship between concentration 
and performance outcomes; and second, a mediating relationship, where 
concentration influences performance through reduced competition for 
defense acquisition. The study created a large contract dataset incorporating 
economic statistics on industrial sectors and analyzed it using multilevel 
logit models. The study finds that subsector concentration correlates with 
greater rates of termination. Contrary to the hypothesis, competition 
is associated with higher rates of termination, and only single-offer 
competition is significantly associated with lower rates of cost ceiling 
breaches. Taken together, the results are consistent with the literature on 
the risk of concentration’s connection with market power but also suggest 
that the mechanisms of competition are worthy of future study.
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Executive Summary

In recent years, economists and policymakers have expressed heightened 
concern over industrial concentration and the potential for monopolies 
in a number of sectors of the U.S economy, ranging from retail trade and 
manufacturing to finance and utilities. These concerns extend to the U.S. 
defense industry, which the nation depends upon to equip its military with a 
wide array of mission-essential goods and services. Growing concentration 
may hinder competition, reduce the availability of key supplies and equipment, 
and diminish vendors’ incentives for innovation and performance in 
government contracts. On the other hand, concentration may also enable 
better contractor performance through economies of scale and learning 
curves, and there is considerable debate within the economics literature as 
to the benefits and costs of the present level of concentration in the U.S. 
economy. Over two decades ago, the end of the Cold War and subsequent 
defense drawdown prompted policymakers to encourage consolidation. 
Even today in many defense markets around the world, countries encourage 
consolidation in the hopes of enhancing the international competitiveness 
of their industry.

To evaluate the urgency of concerns about concentration, this study analyzes 
the relationship between concentration, competition, and performance 
outcomes in a large sample of U.S. federal contract transactions that 
were signed by the Department of Defense (DOD) between 2008 and 2015. 
Specifically, the study tests whether and to what extent growing concentration 
in different industries directly influences contract performance, as well 
as indirectly influences performance through reducing competition. For 
analysis purposes, the study considers two types of contract performance 
markers: first, whether a contract breaches its initial cost ceiling, and 
second, whether it experiences a partial or complete termination. In 
this way, the study extends upon prior research by considering multiple 
dimensions of performance. It also contributes to prior research by analyzing 
the relationships between concentration, competition, and performance 
outcomes at the level of individual contracts rather than at higher levels 
(e.g., programs), which have already been given significant attention in 
previous studies. 

The study uses the Herfindahl-Hirschman index approach to examine 
concentration at two levels, 82 broad subsectors and 973 detailed industries. 
This approach is used by some parts of the U.S. economic census and by 
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the U.S. Department of Justice when evaluating the effects of mergers and 
acquisitions. Controlling for a variety of performance-related factors, including 
contract size, duration, pricing mechanism, purchasing organization, and 
select industry characteristics, the study tests three hypotheses:

 ▪ H1: Industrial concentration leads to changes in contract performance 

 ▪ H2: Increasing (decreasing) industrial concentration leads to decreasing 
(increasing) competition 

 ▪ H3: Decreasing (increasing) competition makes poor contract performance 
more (less) likely

The study finds mixed support for H1: when all else is held equal, subsector 
concentration correlates with greater rates of termination. A two standard 
deviation shift in subsector concentration is associated with a 28 percent 
rise in terminations. However, subsector concentration has no significant 
association with ceiling breaches. Subsector concentration also correlates 
with a fewer offers received, all else equal. A two standard deviation increase 
in subsector concentration is associated with 13 percent fewer offers.1 
This result supports H2, although the study team had expected a greater 
strength of relationship between the two. The results on concentration are 
in accord with the theory that consolidation can shrink the vendor pool 
and cause challenges due reduced contractor incentive to perform lest they 
be replaced. That said, the absence of a relationship on ceiling breaches 
suggests that this reduction in incentives does not increase the risk of cost 
overruns and thus that the greater number of terminations are happening 
for other reasons.2 

Contrary to H3, competition is associated with higher rates of termination, 
and only single offer competition is significantly associated with lower 
rates of cost ceiling breaches (correlating with a 12 percent lower rate of 
ceiling breach occurrence). The contrast between the results for industrial 
concentration and competition suggest that competition is not just a 
channel for industrial concentration but can operate independently, for 
better or worse. The association of single-offer competition with fewer 

1.  The number of offers output variable is transformed logarithmically. A contract that was not 
competed is treated as having one offer.
2.  The continuous input measures, including subsector concentration, were transformed logarith-
mically, recentered around their mean, and then scaled so that a one-unit change in the variable 
corresponded to a two standard deviation shift in the logged variable. The mean for subsector 
concentration was a Herfindahl-Hirschman index value of 1,128, which would correspond to a sub-
sector with low consolidation using the Department of Justice measures. A two standard deviation 
increase results in a subsector Herfindahl-Hirschman index value of 2,811 which by the Depart-
ment of Justice measures corresponds to a subsector that is highly concentrated.

Executive Sum
m
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ceiling breaches is consistent with the idea that competition incentivizes 
vendors to reduce cost, while at the same time multi-offer competition 
motivates some vendors to make aggressive bids that cannot be fulfilled. 
The increased likelihood of terminations for competition is contrary to 
initial expectations but could be explained by a mix of aggressive bidding 
and vendor lock, in which the government may not be as able to replace 
incumbent vendors due to a lack of alternatives. 

These results point to the idea that big picture concentration matters when 
seeking to understanding the risk of contract termination, especially in 
defense-centric subsectors where monopsony plays a greater role and a 
larger outside market is not available. In the ongoing debate in the literature 
on the risks and benefits of concentration in the present U.S. context, the 
findings on termination echoes the warning bells rung by recent economic 
literature. These results also suggest that those monitoring the health of 
the industrial base might benefit from systematic tracking of higher-level 
indicators such as those used in this paper. The results on competition 
suggest that its mechanisms deserve additional study, especially as the 
number of offers grows. The possibility of aggressive bidding shaping ceiling 
breach and termination results is entirely consistent with competition 
resulting in lower prices. However, contracting officers may benefit from 
understanding the baseline risk, not just for their industry but also for their 
office and weighing whether their situation favors risk tolerance in pursuit 
of savings or conservatism in source selection. The study team hopes the 
results will be of use to future researchers and practitioners and has made 
available the underlying data and models.

Finally, as a demonstration of one means of monitoring the rate of industrial 
concentration, the study team has calculated the Herfindahl-Hirschman 
index for each of the platform portfolios used in other Defense-Industrial 
Initiatives Group research, shown in Figure 3-1. The two dashed lines 
illustrate the Department of Justice’s general borders for a moderately 
consolidated market (index values between 1,500 and 2,500). The story 
varies from portfolio to portfolio, with rising concentration in Aircraft 
and Drones as well as Ordinance and Missiles but falling in recent years 
in Missile Defense.3 This study cannot breakout whether these changes 
are caused by consolidation policy, major project choices, and larger 
market conditions. Nonetheless, the differences and dynamism underline 

3.  The fall in Space Systems reflects not the emergency of new entrants but a changing distribution 
related to United Launch Alliance, which is a joint venture between Lockheed Martin and Boeing, 
and thus is more of an artifact of the way concentration ratios are calculated rather than a true 
reduction in concentration.
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the value of monitoring concentrations in major segments of the defense 
industrial base.

Figure X-1: Industrial Concentration in Defense Platform Portfolios
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CHAPTER 1

Introduction

In recent years, economists, policymakers, and other observers have 
expressed growing concerns over industrial concentration and the threat 
of monopolies in the U.S. economy.4 Data on revenue concentration, for 
example, show that the largest firms in a number of U.S. industries are 
accruing an increasing percentage of their respective industry’s market 
share. The 50-firm concentration ratio (CR50)—which measures the 
proportion of an industry’s revenue accruing to its 50 largest firms—has 
grown by 10 percent or more over the last 15 years (1997-2012, based on 
the latest available information) in industries ranging from transportation 
and warehousing to retail trade to finance and insurance.5 For example, 
in the case of finance and insurance, the latest available data (as of 2012) 
shows the 50 largest firms account for nearly half (48.5 percent) of all 
revenue in the industry. This figure is even higher elsewhere. In utilities, 
for instance, the CR50 stands at 69.1 percent.6 

4.  For a recent summary and synthesis of current views regarding industrial consolidation, monop-
oly, and their implications for policy, see Carl Shapiro, “Antitrust in a Time of Populism,” forthcom-
ing, International Journal of Industrial Organization.   
5.  White House Council of Economic Advisors, Benefits of Competition and Indicators of Market Power 
(Washington, DC: White House CEA, 2016), https://obamawhitehouse.archives.gov/sites/default/files/
page/files/20160414_cea_competition_issue_brief.pdf.
6.  Ibid. 

https://obamawhitehouse.archives.gov/sites/default/files/page/files/20160414_cea_competition_issue_brief.pdf
https://obamawhitehouse.archives.gov/sites/default/files/page/files/20160414_cea_competition_issue_brief.pdf
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These trends may reflect an actual decline in competition, but it is 
important to note that they could also stem from superior economic 
performance among firms that may have driven their competitors out of 
the market. Moreover, production in many industries (like utilities) is 
subject to at least some degree of economies of scale—where per-unit 
costs fall as production increases, and an industry’s total output can be 
produced more efficiently by fewer, rather than more, firms—making 
those industries more concentrated to begin with. Finally, while the data 
reflect what is happening nationally, the actual effects of concentration 
tend to play out on a lower geographical scale (such that the issue is not 
strictly one of growing concentration nation-wide, but one that affects 
regional and local markets in particular). Acknowledging these caveats 
(and their implications for proper public policy response), the increasingly 
concentrated nature of many industries in the United States remains a 
noteworthy economic development. 

Concerns over industrial concentration and potential monopolies also 
extend to the U.S. defense industry. Maintaining a vibrant, dynamic 
defense industrial base with vendors that compete vigorously to win 
contracts and provide the government with products and services is 
critical to the U.S. national security strategy. Indeed, while historically 
the government has relied on mobilizing a mix of federally-funded 
arsenals and civilian contractors during wartime to meet its military 
needs, following WWII, these needs have been met principally by a 
permanent private defense establishment. 

This research project seeks to evaluate the urgency of these concerns 
by examining the connection between industrial concentration and 
contract outcomes. It examines the relationship in multiple ways. First, 
it examines the influence of concentration on the extent of competition. 
Second, it examines the direct relationship between concentration in the 
contract’s sector and that contract’s performance. Third, it examines 
the indirect relationship with competition acting as an intervening 
variable between concentration and contract performance. Finally, both 
concentration and competition are incorporated into a single model for 
each performance metric.
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2.1 | Concentration in the Defense Industry
As the primary buyer of the defense industry’s goods and services, the 
U.S. government can play a significant role in shaping the industry’s size, 
composition, and economic viability. As a result, the defense industrial 
organization has evolved (at least in part) in accordance with military 
spending. Since WWII, the defense budget has cycled between a series 
of peaks and troughs, generating significant expansions in industrial 
capacity followed by more modest declines. This pattern resulted in a 
particularly acute case of capacity overhang following the end of the 
Cold War, because during the war contractors had invested heavily in 
plants, equipment, and other assets that were no longer needed following 
the war’s end (and the subsequent drop in defense expenditures). To 
eliminate inefficiencies stemming from excess capacity, the Department 
of Defense (DOD) explicitly encouraged its contractors to merge and 
offered to share in savings generated from consolidations. Merger activity 
in the defense industry increased dramatically. Between 1993 and 2000, 
the number of major prime contractors fell from 50 to six.7 However, 
it is still an open question whether and to what extent these mergers 
actually generated savings—or if the mergers even stemmed as much 
from the DOD’s pro-consolidation policy and post-Cold War budget 
cuts as they did from economy-wide trends that also drove mergers in 
non-defense industries.8

Defense budgets declines reversed 
following 9/11 and grew at rapid double-
digit rates for nearly a decade. However, 
spending reductions mandated by the 
Budget Control Act (BCA) of 2011 as well 
as the cuts to Overseas Contingency 

Operations (OCO) funding around that time—policies collectively referred 
to as “the drawdown”— have significantly impacted the defense industry. 
A recent analysis showed declines in defense contract obligations across 
individual product and service platforms, from 16 percent for Ships and 
Submarines to as high as 56 percent for Land Vehicles.9 Declines in other 

7.  Jacques Gansler, Democracy’s Arsenal: Creating a Twenty-First Century Defense Industry (Cambridge, 
MA:  MIT Press, 2011). 
8.  For a review of competing explanations of post-Cold War U.S. defense industry consolidation, 
see, e.g., Ryan R. Brady and Victoria A. Greenfield, “Competing Explanations of U.S. Defense Indus-
try Consolidation in the 1990s and Their Policy Implications,” Contemporary Economic Policy 28, no. 
2 (2009). 
9.  Rhys McCormack, Andrew P. Hunter, and Greg Sanders, Measuring the Impact of Sequestration 
and the Defense Drawdown on the Defense Industrial Base (Washington, DC: CSIS, 2017), https://csis-
prod.s3.amazonaws.com/s3fs-public/publication/180111_McCormick_ImpactOfSequestration_Web.
pdf?A10C65W9Qkx07VaJqYcJguCH.7EL3O7W. 

Between 1993 and 2000, 
the number of major prime 
contractors fell from 50 to six.

https://csis-prod.s3.amazonaws.com/s3fs-public/publication/180111_McCormick_ImpactOfSequestration_Web.pdf?A10C65W9Qkx07VaJqYcJguCH.7EL3O7W
https://csis-prod.s3.amazonaws.com/s3fs-public/publication/180111_McCormick_ImpactOfSequestration_Web.pdf?A10C65W9Qkx07VaJqYcJguCH.7EL3O7W
https://csis-prod.s3.amazonaws.com/s3fs-public/publication/180111_McCormick_ImpactOfSequestration_Web.pdf?A10C65W9Qkx07VaJqYcJguCH.7EL3O7W
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portfolios varied, according to the analysis, from 19 percent for Aircraft, to 
20 percent for Ordinance and Missiles, to 32 percent for Space Systems.10 
Obligations for products, services, and R&D activities that did not fall under 
one of these specific platform categories fell by 30 percent, 28 percent, and 
19 percent respectively.11 Within product, service, and R&D categories, the 
analysis showed that the shares of obligations going to small businesses 
tended to grow or remain steady, but the share of obligations tended to fall 
for the Big 5 (Lockheed Martin, Boeing, Raytheon, Northrop Grumman, and 
General Dynamics) and especially for large and medium size vendors.12 Across 
categories and vendor sizes, the analysis found that the number of vendors 
receiving prime contracts from the Department of Defense dropped in all 
by 17,000, or nearly 20 percent over the drawdown period, with facility-
related and construction vendors being the source of the greatest decline.13 

Whether these vendors fully exited the defense marketplace or remained 
(e.g., as subcontractors) cannot be definitively established. Nonetheless, 
existing evidence suggests the U.S. defense industry is in the process of 
another significant episode of transformation, and officials from both 
the previous and current administrations have signaled worries over the 
industry’s health and competitiveness. As far back as 2011, Ash Carter, then 
Under Secretary of Defense for Acquisition, Technology, and Logistics (USD-
AT&L, and later Secretary of Defense) stressed the importance of avoiding 
excessive consolidation among large prime contractors.14 His successor in 
the USD-AT&L role, Frank Kendall, took the same view, calling Lockheed 
Martin’s proposed and subsequently executed acquisition of rotary-wing 
aircraft manufacturer Sikorsky “the most significant change to the defense 
industry since the general consolidation that followed the Cold War.”15 
Kendall warned more generally that continued consolidation, particularly 
of large prime contractors, could diminish competition, limit the number 
of suppliers available to the military, erect barriers to entry, and hinder 
innovation.16 Around the same time, the U.S. Department of Justice (DOJ) 
and the Federal Trade Commission (FTC) reiterated their commitment to 
take action against mergers that would dampen innovation and competitive 
forces, and they issued a joint statement saying, “many sectors of the 
defense industry are already highly concentrated [and others] appear to 

10.  Ibid.
11.  Ibid.
12.  Ibid.
13.  Ibid.
14.  Marcus Weisberger, “Lockheed-Sikorsky Deal Stokes Fears About Industry Consolidation,” 
Defense One, September 30, 2015, http://www.defenseone.com/business/2015/09/sikorsky-lock-
heed-deal-stokes-fears-about-industry-consolidation/122445/. 
15.  Ibid.
16.  Ibid. 

http://www.defenseone.com/business/2015/09/sikorsky-lockheed-deal-stokes-fears-about-industry-consolidation/122445/
http://www.defenseone.com/business/2015/09/sikorsky-lockheed-deal-stokes-fears-about-industry-consolidation/122445/
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be on a similar trajectory.”17 More recently, under Executive Order 13806, 
President Trump directed a sweeping review of the industrial base with the 
aim of determining if its broad composition, capacity, and resiliency can 
meet a variety of potential supply chain threats.18 Questions of industrial 
concentration and monopoly power, as well as their implications for 
competition and performance, relate importantly to these issues.  

2.2 | Industrial Concentration – Definition and Measurement
Industrial concentration refers to the degree to which a smaller number 
of firms account for production or other measures of market share (e.g., 
revenue) in some part of the economy.

Taking this idea as a point of departure, a large discourse in the literature 
has developed around alternative approaches to measuring concentration 
in practice.19 One approach is to use concentration ratios, which add shares 
(whether of production, revenue, or some other activity) of a pre-determined 
number of firms in a particular market. Commonly used numbers include 
the top 4, 8, 20, or 50 firms in the market of interest. These ratios are 
relatively simple to calculate and when compared to other metrics—such 
as the Herfindahl–Hirschman Index (HHI)—do not impose as large a 
challenge with data collection, because they do not require data on the 
shares of every firm in the relevant market place. By contrast, calculating 
the standard HHI requires data on the shares of every firm in the relevant 
market place and entails squaring each individual share before adding them 
(so as to weight the index more strongly toward larger companies). The 
upsides of this approach include counting shares of every applicable firm 
and weighting firms with larger shares more heavily in the calculation. 
Whereas concentration ratios are expressed in percentage terms (with 
a 100 percent maximum), the HHI varies between a minimum of 0 and 
a maximum of 10,000 (where one firm accounts for 100 percent of the 
market and 1002 = 10,000). For purposes of evaluating mergers and their 
antitrust implications, the DOJ deems HH indices of 2,500 or higher to be 
significantly concentrated.20 

17.  Department of Justice and Federal Trade Commission, Joint Statement of the Depart-
ment of Justice and the Federal Trade Commission on Preserving Competition in the Defense 
Industry (Washington, DC: 2016),  https://www.ftc.gov/system/files/documents/public_state-
ments/944493/160412doj-ftc-defense-statement.pdf.
18.  Executive Order 13806, Assessing and Strengthening the Manufacturing and Defense Industrial 
Base and Supply Chain Resiliency of the United States (Washington, DC: 2017), https://www.whitehouse.
gov/presidential-actions/presidential-executive-order-assessing-strengthening-manufacturing-de-
fense-industrial-base-supply-chain-resiliency-united-states/.
19.  See, e.g., Lachlan B. Curry and K.D. George, “Industrial Concentration:  A Survey,” The Journal of 
Industrial Economics 31, no. 3 (1983) for commonly-cited review of the literature. 
20.  See “Herfindahl-Hirschman Index,” U.S. Department of Justice, https://www.justice.gov/atr/her-
findahl-hirschman-index.

https://www.ftc.gov/system/files/documents/public_statements/944493/160412doj-ftc-defense-statement.pdf
https://www.ftc.gov/system/files/documents/public_statements/944493/160412doj-ftc-defense-statement.pdf
https://www.whitehouse.gov/presidential-actions/presidential-executive-order-assessing-strengthening-manufacturing-defense-industrial-base-supply-chain-resiliency-united-states/
https://www.whitehouse.gov/presidential-actions/presidential-executive-order-assessing-strengthening-manufacturing-defense-industrial-base-supply-chain-resiliency-united-states/
https://www.whitehouse.gov/presidential-actions/presidential-executive-order-assessing-strengthening-manufacturing-defense-industrial-base-supply-chain-resiliency-united-states/
https://www.justice.gov/atr/herfindahl-hirschman-index
https://www.justice.gov/atr/herfindahl-hirschman-index
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2.3 | Causes of Industrial Concentration and Monopolies
Variation in levels of industrial concentration—from very low to monopoly 
levels, where one firm accounts for all of an industry’s production, revenue, 
sales, or other economic activity—stems from several sources. Differences 
across industries or within a given industry over time may reflect an 
underlying decline in competition and attendant increases in market 
power for leading firms—a common interpretation of recent trends in the 
United States21—although one of at least four other forces may also be at 
play (and, depending on which, may suggest alternative explanations for 
changes in concentration levels).

First, higher industrial concentration may stem from economies of scale, 
a technological feature of production that leads per unit production costs 
to fall as output rises. The upshot of this dynamic is that an industry’s 
aggregate output can be most efficiently produced by a smaller, rather than 
a larger, number of firms.22 Accordingly, in a case like this, the industry 
actually operates most efficiently and can charge lower prices for its output 
with less—as opposed to more—firms in operation. The number of firms 
may fall due to some firms exiting the marketplace or through mergers and 
acquisitions. In extreme cases, economies of scale are so high as to make 
it most efficient for a single firm to produce all of an industry’s output, a 
situation referred to as a natural monopoly, which is common among utility 
companies. Unlike (as discussed below) situations where monopoly power 
derives from purposefully erected barriers to entry (e.g., government 
conferring operating privileges exclusively to a single company), natural 
monopolies arise due to the underlying technology for production of a good 
or service.23 Commonly-cited natural monopolies include utilities, where 
entry of additional firms would entail highly inefficient (and arguably 
infeasible) recreation of distribution infrastructure like pipes or power 
lines that one firm has already incurred the costs to build.24  

Second, and similarly, production may be subject to learning curves, where 
(however high or low scale economies may be) per unit costs fall as firms 
discover more efficient ways to produce output. According to learning 
curve theory, through repeated production, firms accumulate knowledge 
and experience that can be used for purposes of process improvement, 

21.  See supra note 1.
22.  Dennis W. Carleton and Jeffrey M. Perloff, Modern Industrial Organization (Pearson, 2015). 
23.  For an early overview of natural monopoly, see Richard A. Posner, “Natural Monopoly and Its 
Regulation,” Stanford Law Review, no. 21 (1969), https://www.jstor.org/stable/1227624.  
24.  Rolf W. Kunneke, “Electricity networks:  how ‘natural’ is the monopoly?” Utilities Policy 8, (1999), 
https://econpapers.repec.org/RePEc:eee:juipol:v:8:y:1999:i:2:p:99-108.
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efficiency enhancements, and lower per-unit pricing25 (which may make 
them more competitive relative to their peers and lead them to capture a 
higher market share). Manufacture of large capital assets like ships, planes, 
or construction equipment are often suggested to benefit from the learning 
curve dynamic, because while they may initially entail high costs for design 
and early unit production, they entail lower costs as production expands.  

Third, firms may create barriers to entry or force competitors out through 
strategic behavior like predatory pricing, hostile takeovers, or alternative 
forms of vertical acquisition where an incumbent firm acquires lower-level 
suppliers (thus eliminating potential sources of productive inputs that 
new entrants need in order to operate). Incumbent firms may act alone to 
create entry barriers or might potentially collude with one another for this 
purpose. A commonly cited example of collusion to prevent competition 
involves incumbent firms cooperating to divide up customers in lieu of vying 
with each other. The firms may divide up sales territories, for example, 
and work together to prevent competitors from entering. Such conduct has 
been suspected or documented to have happened in industries as diverse 
as health insurance and chemicals.26    

Finally, in some instances, governments purposefully erect structural 
barriers to entry that may limit competition that is otherwise likely to 
arise (e.g., in cases where scale economies do not operate at high levels 
and production is concentrated in a few firms). Governments may create 
entry barriers through extending protections for intellectual property and 
innovation (e.g., through patents), through establishing legal and regulatory 
requirements that must be fulfilled in order to do business in a particular 
area, or by granting only one or a few firms permission to do a form of 
business (thereby foreclosing competitors from entering the market). 
Sufficiently high entry barriers can create monopolies in cases where the 
underlying technology of production implies strong efficiency gains from 
having one or only a few producers. Taxis are an often-cited example of a 
monopoly that city governments have created through regulations, such 
as requiring the purchase of a medallion to drive a cab. 

The monopsony nature of the market can also be a barrier. The defense 
industry sells its products principally to a single buyer: the U.S. government 
(from which decisions about policy, budgets, and procurement priorities can 
significantly impact defense industry structure). In addition, concentration 

25.  See supra note 5.
26.  For further explanation and specific examples, see “Market Division or Customer Allocation,” 
Federal Trade Commission, https://www.ftc.gov/tips-advice/competition-guidance/guide-anti-
trust-laws/dealings-competitors/market-division-or. 

https://www.ftc.gov/tips-advice/competition-guidance/guide-antitrust-laws/dealings-competitors/market-division-or
https://www.ftc.gov/tips-advice/competition-guidance/guide-antitrust-laws/dealings-competitors/market-division-or
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in different sectors of the defense industry may partially stem from 
underlying scale economies, learning curve dynamics, and government-
imposed regulations, which are often cited as a barrier to further entry by 
commercial firms. Scale economies and learning curves are fundamental 
to the production of large, complex assets, such as fighter jets and ships, 
leading to high concentration in these sectors (U.S. aircraft carriers, 
for example, are built exclusively in one shipyard, operated by Newport 
News Shipbuilding). And, in both of these sectors (and all others from 
which government purchases products, services, and R&D support) rules 
and regulations that firms must adhere to for purposes of bidding on 
contracts and winning business may constitute a substantial barrier to 
further competition—particularly for non-traditional firms that could be 
significant sources of innovation. Experiments with alternative acquisition 
models and partnerships such as the Defense Innovation Unit—the DoD’s 
Silicon Valley-based unit focused on identifying and acquiring cutting-
edge commercial technology solutions for the U.S. military—are ongoing, 
but large-scale entry of commercial players into the defense marketplace 
(and attendant growth in competition) remains to be seen.    

2.4 | Concentration, Competition, and Performance 
To the extent that it stems from factors such as reductions in competition 
and barriers to entry (whatever their source), rather than economies of 
scale, learning effects, or other forces that reflect a firm’s active pursuit of 
ways to enhance efficiency, industrial concentration is concerning because 
it can reduce economic welfare and generate market power that firms may 
use to extract rents in the form of higher prices to consumers.27

Empirically, there is a large, and now 
decades-old, body of evidence relating 
increasing concentration to elevated prices 
and profits for firms.28 Whether these 
relationships reflect firms exercising 
market power to charge excessively 
high prices and make additional profits 
is less clear, however. Some research, 
for example, attributes the observed link 
between concentration and profits to 

27.  See supra note 19. 
28.  Literature reviews date back as far as the 1970s, with one review, published in 1974, cataloging 
the results of 40 pre-existing studies. See Leonard Weiss, “The Concentration-Profits Relationship 
and Antitrust,” in Industrial Concentration: The New Learning, ed. Goldschmidt et al. (New York, NY:  
1974). 

Literature Review
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efficiency gains stemming from learning and harnessing scale economies. 
These arguments suggest that efficiency-enhancing concentration generates 
reductions in both prices and costs, but greater reductions in the latter 
than the former (leading, on average, to higher observed profitability as 
price-cost differentials grow).29 This finding is supported by other research 
demonstrating that, after controlling for firm size, the relationship between 
concentration and profitability is less strong, which suggests that profit 
growth comes from efficiencies brought about by increasing the scale of 
production (of which increased concentration is just a byproduct).30 More 
recent research comes to the opposite conclusion, finding robust connections 
between growing concentration, profits from both ongoing business as well 
as from mergers and acquisitions, and higher stock prices. Rather than 
reflecting operational efficiency and declining costs, however, this analysis 
suggests that higher profitability is a function of increased market power.31 

Compared to research on relationships between concentration, competition, 
and firm-performance outcomes like profitability, there has been less 
research conducted on the implications of concentration for other measures 
of performance. While, as noted, higher profitability from increasing 
concentration may reflect stronger operational efficiency, there are other 
possible sources that do not imply better performance. As a result, this still 
leaves the problem of explicitly examining links between concentration and 
firm performance along non-financial dimensions open for study. 

Moreover, compared to research on the private sector, very little work 
has been done to examine the implications of industrial concentration 
for government procurement and contracting. Competition is deemed 
a fundamental source of value in public procurement and is argued to 
provide higher quality products at lower prices, along with ancillary 
benefits such as accountability, fraud prevention, and better stewardship 
of taxpayer resources.32 In buying simple goods and services, for which 
many suppliers already exist, the benefits of competition can be powerful. 
For more complex products—whether inputs into government’s provision 
of public services (e.g., fighter jets for national defense) or public services 
delivered by non-governmental actors (e.g., social services provided by a 

29.  Sam Peltzman, “The Gains and Losses from Industrial Concentration,” Journal of Law and Eco-
nomics 20, (1977), https://www.nber.org/papers/w163. 
30.  See Yale Brozen, Concentration, Mergers, and Public Policy (New York: Macmillan, 1982). 
31.  Gustavo Grullon, Yelena Larkin and Roni Michaely, “Are US Industries Becoming More 
Concentrated?,” (Working Paper, 2017), https://pdfs.semanticscholar.org/138f/249c43bfe-
c315227a242b305b9764d57a0af.pdf. 
32.  Kate Manuel, Competition in Federal Contracting: An Overview of the Legal Requirements, CRS 
Reports No.  R40516 (Washington, DC: Congressional Research Service, 2011), https://fas.org/sgp/
crs/misc/R40516.pdf.
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nonprofit organization)—markets may be thinner and competition less 
viable.33 However, in these cases too, the focus has been on examining the 
relationships between the quality of products and services on the one hand 
and competition on the other. Moreover, this work has often been done in 
the context of one or a few different product types. 

Research that independently (or through competition as a mediating channel) 
explores the link between program level outcomes and concentration, 
competition, and contractor performance appears to be mostly absent from 
the existing literature and would add considerable value. In particular, 
there’s an absence of work that uses large amounts of data to look across 
numerous product and service categories. There appear to be very few example 
studies explicitly assessing the link between industrial concentration and 
performance outcomes in the U.S. defense arena. One example that does 
exist is an analysis finding a positive relationship between concentration 
and firm profitability in the aerospace industry. 34 Another analysis, more 
closely related to the research presented in this paper, finds evidence that 
some defense industry mergers generated cost savings in Major Defense 
Acquisition Programs (MDAPs) but also found that mergers do not categorically 
generate program-level savings.35 Unlike the present study, however, this 
analysis is focused on financial dimensions of performance at the program 
level. This study extends the literature by looking at both financial and 
non-financial dimensions of performance and considers outcomes at the 
contract, rather than the program, level.  

33.  Donald Kettl, Sharing Power: Public Governance and Private Markets (Washington, DC: The Brook-
ings Institution, 1993).
34.  Judy B. Davis, The Impact of the Defense Industry Consolidation on the Aerospace Industry (Wash-
ington, DC:  Industrial College of the Armed Forces, 2006). 
35.  Russel V. Hoff, Analysis of Defense Industry Consolidation Effects on Program Acquisition Costs 
(Monterey, CA:  Naval Postgraduate School, 2007), https://apps.dtic.mil/dtic/tr/fulltext/u2/a475971.pdf.  

Literature Review
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Conceptual Framework  
and Hypotheses

CHAPTER 3

This paper posits and tests a conceptual argument linking industrial 
concentration and contract performance in two ways: first, a direct relationship 
between concentration and performance outcomes; and second, an indirect 
relationship, where concentration influences performance through reducing 
competition for government contract awards and task orders. Specified 
in this manner, the argument broadens the approach to observing the 
relationship between concentration and contract performance, accounting 
for multiple ways that the two variables may be connected. 
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3.1 | Industrial Concentration and Contract Performance 
– Direct Relationship

The most straightforward way that industrial concentration impacts different 
markers of contract performance is through a direct relationship between 
the two variables. That is, changes in the level of industrial concentration 
are associated with an observable variation in alternative performance 
benchmarks, including (as considered in this paper) terminations and 
breaches of cost ceilings. 

While arguments about concentration and contract performance may 
suggest the two are negatively related—with higher concentration leading 
to poorer performance—these arguments usually imply the presence of a 
mediating variable. Competition, as discussed in section 3.2, is one such 
variable. Another variable is economies of scale, which is often cited when 
arguing that concentration and performance may be positively related 
instead. In this case, rather than decreasing competition (and the attendant 
accumulation of market power a vendor may wield over the government), 
increasing concentration leads to positive performance, because it reflects 
efficiency gains from the consolidation of one or more vendors to operate 
at a larger scale of production. 

Arguments that do not imply or explicitly reference a mediating variable—
but instead posit a direct concentration-performance link—are agnostic 
with respect to whether growing concentration levels foster better or worse 
performance. Therefore, for hypothesis testing purposes, the study team 
does not suggest the direct relationship between concentration and contract 
performance is positive or negative. Instead, we simply hypothesize that 
the former may have a direct influence on the latter:

 H1: industrial concentration leads to changes in contract performance 

3.2 | Industrial Concentration and Contract Performance 
– Mediating Role of Competition 

While concentration and contract performance may be directly related, 
one common argument is that higher concentration negatively impacts 
performance by hindering competition that would otherwise act to discipline 
incumbent vendors. All else equal, greater competition gives the government 
greater control in their relationship with vendors, providing the government 
with multiple options while forcing vendors to perform well, because they 
are considered more replaceable.
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Following this idea, concentration may shift power to the vendors because it 
effectively reduces competitive forces through reducing the number of vendors 
from which government can select for awarding a contract. In addition, 
this reduces the incumbent vendor’s incentive to perform effectively, as the 
prospect of being replaced is now lower. The incumbent may therefore be 
less motivated to innovate, control costs, or otherwise ensure its product 
meets or exceeds the government’s requirements. Consequently, the risk 
of termination or a cost ceiling breach may be elevated. 

This line of reasoning points to two hypotheses. First, the logic that 
industrial concentration’s influence on performance through a competition 
channel implies a relationship between concentration and competition per 
se. Put simply, as concentration increases, competition decreases. Second, 
it implies a link between competition and performance outcomes, where 
reduced competition increases the likelihood of poorer performance. In 
other words:

 H2: Increasing (decreasing) industrial concentration leads to  
 decreasing (increasing) competition 

 H3: Decreasing (increasing) competition makes poor contract  
 performance more (less) likely 
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4.1 | Data Sources and Structure
The study team’s primary source of data for this study is the Federal 
Procurement Data System (FPDS), which tracks prime federal contract 
transactions conducted by most U.S. government department and agencies that 
are worth $3,500 or more.36 CSIS has created its own copy of this database, 
using data downloaded from USAspending.gov and supplemented at times 
with the FPDS-NG ad hoc search webtool. The study team supplemented 
this dataset with economics statistics broken down by NAICS category, as 
reported by the U.S. Census and Bureau of Labor Statistics.

The unit of analysis for the dataset is prime contracts award and task 
orders. Each contract entry has a unique procurement identifier, and each 
task order entry has a unique combination of a parent award identifier and 
procurement identifier. The dataset includes all completed DoD contracts 
and task orders that were initiated between fiscal years 2008 and 2015.37 
For task orders, the dates of inclusion and completion are based on each 
specific task order, not the date of the larger parent. The data set contains 
over 9.3 million entries, of which 18.9 percent were removed due to 
missing data, primarily with reference to undefinitized contract awards. 
These removed entries accounted for about 11.5 percent of obligations in 
the original population. For computational efficiency purposes, the study 
team has limited the analysis to a random sample of 1 million contracts 
and task orders from the filtered dataset. For simplicity’s sake, when this 
paper refers to contracts, it includes both awards and task orders. In those 
cases where only awards or task orders are being referred to, the more 
specific term will be used.

The study team has created the contract dataset from FPDS, which expands 
and updates a dataset used in previous CSIS reports on Fixed-Price38 and 
Crisis contracting. 39 To create this dataset, the study team decided how 
to handle contradictory information within the same field and how to 
consolidate large number of categories in the raw data into the more 

36.  Prominent exceptions include classified contracts, which excludes the entirety of the CIA and 
some DoD contracts, most prominently in the U.S. Air Force. Other parts of the government are not 
required to report, such as the Defense Commissary Agency or the U.S. Postal Service.
37.  Completion is measured by having surpassed the current completion date of the contract or 
task order by at least one year or by contract close out or a partial or complete contract termina-
tion.
38.  Andrew Hunter et al., Avoiding Terminations, Single-Offer Competition, and Costly Changes with 
Fixed-Price Contracts (Washington, DC: CSIS, 2015), https://csis-prod.s3.amazonaws.com/s3fs-public/
legacy_files/files/publication/151216_Sanders_FixedPriceContracts_Web.pdf.
39.  Greg Sanders and Andrew Hunter, Overseas Contingency Operations Contracts After Iraq: 
Enabling Financial Management Research and Transparency Through Contract Labeling (Naval 
Postgraduate School, 2017), https://www.researchsymposium.com/conf/app/researchsymposium/
unsecured/file/145/SYM-AM-17-051-005_Sanders.pdf.
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manageable number used in the regression. To mitigate contradictions and 
emphasize the information available at the time a contract is awarded, as a 
general principle, the most weight is given to a contract’s initial unmodified 
transaction. The primary addition to the datasets used in previous reports 
relates to the North American Industrial Classification System (NAICS). First, 
the study team calculated the top detailed industry (NAICS 6-digit code) 
for each contract in the dataset. Second, the study team added a measure 
for industrial concentration, which was calculated at the NAICS subsector 
(NAICS 3-digit code) and detailed industry level.40 

In addition to the contract dataset, the measures of concentration also relied 
on past and updated work by the study team to consolidate large vendors 
who may be represented by multiple DUNS numbers (the primary unique 
identifier for vendors within FPDS). Under this system, joint ventures are 
treated as distinct entities. The study team uses an obligation-weighted 
approach to choose identifiers for manual classifications that have received 
either more than $1 billion in obligations from 2000 to 2017 or $250 million 
in any year in constant 2017 dollars. Those identifiers that the study team 
has not manually classified are instead handled via parent codes, which are 
provided by the database. One disadvantage to the provided parent codes 
is that merger and acquisition activity is sometimes backdated to years 
before the merger occurred. Despite the limitations and high thresholds, 
the value weighted approach that the study team applied is appropriate for 
the industrial concentration measures described in the literature review, 
because the largest firms in a sector are disproportionately important to 
calculating the HHI.

4.2 | Measures of Dependent and Independent Variables
This section introduces the variables used in our regression model. For 
consistency and ease of data replication, the shortened name of the 
variable is included in parentheses after the full name. This shorthand 
name is also used in the definition of the equation.41 Due to wide 
variation in values, all of the continuous input variables in this study 
have been transformed logarithmically and then rescaled such that a value 
of 0 corresponds to the geometric mean, and a one-unit change in the 

40.  CSIS has made this dataset publicly available through our github repository (https://github.
com/CSISdefense/Vendor/) to other researchers to be used with attribution.
41.  Some of the variables were transformed from categorical variables to the mathematical 
formats used in the dataset, for example Term has a value of “Terminated” or “Not Terminated” 
while b_Term has a value of 0 or 1. Different prefixes are used depending on data type “b_” refers 
to binary variables, “n_” refers to numerical variables, “l_” refers to variables that have undergone a 
logarithmic transformation, and “c_” labels to variables that were rescaled, which includes center-
ing (and thus “cl_” is a rescaled logarithmically transformed variable.

https://github.com/CSISdefense/Vendor/
https://github.com/CSISdefense/Vendor/
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transformed variable corresponds to a two standard deviation change in 
the log of the original input. This approach is used to more easily cross 
compare the magnitude of the coefficients of variables with different 
base scales. Gelman and Hill specifically recommend dividing by twice 
the standard deviation so that the continuous variables may also be more 
easily compared with dummy variables that have not been re-centered.42

4.2.1 | DEPENDENT VARIABLES

Logged Number of Offers (l_Offr) is the natural log of the number of offers 
each contract has received. Unlike the other continuous variables including 
in the model, this is an output variable and therefore not recentered because 
This variable is logged but not recentered. Sole source awards are treated 
as receiving a single offer, consistent with how they are classified within 
FPDS. The study team considered multiple ways to measure to competition: 
whether or not a contract used competitive procedures, whether or not a 
contract was competed with multiple offers, and what number of offers 
the contract received. The study team decided to use number of offers 
received because it offers the detail of a continuous measure and because 
it is straightforwardly compatible with regression modeling in a way that 
binned numbers of offers would not be. The study team took the logarithm 
of this measure because that transformation puts the same weight on the 
difference between 1 and 2 offers as the difference between 5 and 10. The 
mean of the logged number of offers is 1.06 (which corresponds to 2.9 
offers), and the standard deviation is 1.045. Offers data is missing for about 
1.7 percent of records.

Partial or Complete Terminations (b_Term) measures whether contracts 
experience a partial or complete termination. If any termination has occurred, 
the variable yields a value of 1, while contracts with no terminations are 
given the value 0 for this variable. FPDS does not differentiate between 
complete and partial terminations, so this can include both a cancelled 
program and a contract that was completed after being initially protested 
and reassigned. 0.91 percent of contracts have experienced at least one 
partial or complete termination, and those records account for about 2.95 
percent of obligations in the dataset.

Ceiling Breaches (b_CBre) tracks whether the contract had to be changed 
in a means that risked significant cost increases. To measure this, the 
study team observed transactions that are contract change orders and 

42.  Andrew Gelman and Jennifer Hill, Data Analysis Using Regression and Multilevel/Hierarchical Mod-
els (New York, NY:  Cambridge University Press, 2007), 55-57.
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considered a ceiling breach to have occurred (assigning a value of 1) if any 
of these modifications also increased the contract’s cost ceiling. Otherwise, 
the team assigned a value of 0. While only 1.04 percent of contracts have 
experienced a ceiling breach, the total obligations of those entries account 
for about 18.65 percent of obligations in the dataset. A small number of 
terminations overlap with ceiling breaches, despite both accounting for a 
similar percentage of contracts.

4.2.2 | STUDY INDEPENDENT VARIABLES

Competition (CompOffr) is a categorical variable with five values based on 
whether a contract was competed and, if so, with how many offers received:

 ▪ No Competition includes all sole-source contracts, with single-award 
vehicles classified based on vehicle level competition and not for 
the individual task order. This is the baseline variable and does not 
receive its own dummy (nearly 16 percent of contracts and 34 percent 
of obligations).

 ▪ 1 offer (14 percent of contracts and 12 percent of obligations).

 ▪ 2 offers (19 percent of contracts and 12 percent of obligations).

 ▪ 3-4 offers (20 percent of contracts and 15 percent of obligations).     

 ▪ 5+ offers (approaching 29 percent of contracts and 26 percent of 
obligations).

The study team draws on multiple variables in FPDS to make this 
determination, with some contracts relying on the extent of the competitive 
field and others relying on the fair opportunity field. The study team used 
other variations on the measure for competition for earlier versions of 
this paper, including coding competition into three numerical categories 
for sole source, single offer, and ‘effective competition’ (i.e. competition 
with two or more offers), which is used by the DoD when monitoring their 
own competition rates.43  However, after the incorporation of the complete 
multilevel model, this variable proved not to be a significant predictor, and 
the study team increased the granularity to better understand competitive 
dynamics. Competition is missing from 1.67 percent of contracts and 0.78 
percent of obligated dollars in the dataset.

43.  See for example Department of Defense, Competition Report For FY 2014 (DoD), https://www.acq.
osd.mil/dpap/cpic/cp/docs/DoD_FY_2014_Competition_Report.pdf.
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Subsector and Detailed Industry 
Herfindahl-Hirschman Index (cl_
def3_HHI_lag1 and cl_def6_HHI_
lag1 respectively) are a measure of 
industrial concentration in the defense 
industrial base. As described in the 
literature review, the HHI is calculated 
by squaring the market share of each 
participant in a sector. The study 
team faced two common challenges 
in creating this variable: identifying 
and collecting reliable data on market 
shares44 and, more fundamentally, 
defining the scope of the marketplace in 
which concentration will be analyzed. 
The study team began with the HHI 
by detailed industry NAICS code at 
the most granular level available. 
After adding economic statistics to 
the model, the study team decided to 
include the HHI by subsector NAICS 
code as well.

As shown in Figure 1, eight of the 
top detailed industries, which were 
selected for having either the most 
contracts or the most obligations over 
the study period, with the HHI shown 
before logging.45 7 to 2014 because 
subsector and detailed industry 
HHI are lagged one year. So, for a 
contract signed in 2009, the industry 
concentration measure from 2008 is 
used. 2008 is used.

44.  Joint ventures are a notable niche problem when identifying market share. This study treats joint 
ventures as separate entities, which has the disadvantage of not reflecting the enhanced market 
power that may come when both a company and its joint venture(s) are active in the same sector.
45.  See section 6.4.5 for more detail on 54171*, which combines codes 541710, 541711, and 
541712 to include this significant industry despite a change in codes over the period. The 2008 
bump in the 236220 category is due to a $13.9 billion obligation in a transaction on September 29, 
2008 that almost entirely de-obligated on October 7, 2009. The study team noticed that this fluke 
had not been adjusted for after the final run of the models, and so includes it in the graph for 
transparency reasons and due to the prominence of the sector.

541330 Engineering
Services

54171* R&D in the Phys.,
Eng., & Life Sciences

424210 Pharmaceutical
Wholesalers

424490 Grocery
Wholesalers

336413 Other Aircraft
Parts Equip. Manuf.

423450 Medical Equipment
& Supplies Wholesalers

236220 Comm./Inst.
Building Construction

324110 Petroleum
Refineries
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Detailed Industries
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All else equal, defining a sector more broadly—and thereby including more 
firms—will tend to reduce concentration levels, whereas a more precise 
definition will raise them. One downside to this approach is that less-
used NAICS codes are reported as highly consolidated because they are 
used by so few vendors. The advantage of this approach is that evaluating 
the implications of concentration for competition, consumer welfare, and 
public policy often requires examining trends at a less aggregated level. 

For the purposes of this study, market share refers to the percentage of 
prime obligations within a given fiscal year, which has the notable drawback 
of not capturing subcontracting activity. Both measures are separately 
logged and rescaled. 46 

 ▪ The logged detailed industry HHI is rescaled by subtracting its mean 
(7.12) and dividing by its standard deviation doubled (2.21). Values of 
-1, 0, 0.5, and 1 correspond to 136, 1,237, 3,729, and 11,245 HHI score 
respectively, with the later value exceeding the upper end of the scale.

 ▪ Logged subsector HHI has a notably lower mean and standard deviation. 
That variable is using the same formula of subtracting its mean (6.12) 
and dividing by its standard deviation doubled (1.82). Values of -1, 0, 
0.5, and 1 correspond to 73, 453, 1,128, and 2,811 HHI score respectively.

For the subsector and detailed industry HHI, data is missing for about 
0.1 and 2.1 percent of records and 0.28 and 0.75 percent of obligated 
dollars, respectively.

4.2.3 | OTHER SECTOR-LEVEL VARIABLES

Contract Industrial Sector

NAICS6 represents the top North American Industrial Classification Detailed 
Industry Code of each contract and is measured by obligated amount. The 
NAICS3 subsector code is easily derived in turn, by taking the first three 
digits of each detailed industry code. This paper uses a multilevel model 
that allows for setting a different intercept for each subsector and detailed 
industrial sector, which is discussed in greater detail in the next section (4.3). 

As shown in Figure 2, the distribution of DoD contract obligations is focused 
in a subset of the 21 NAICS sectors (NAICS 2-digit code). Manufacturing 
(31-33) in particular is the top sector category in dollar and count terms and 

46.  Centering a variable is a way of making sure the different variables in a regression model are 
operating on the same scale, which makes it easier to compare coefficients across different vari-
ables. Mathematically to center x means c_x = (x –average of x) / (2* standard deviation of x).
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stands out because that category—like Transportation and Warehousing 
(48-49) as well as Retail Trade (44-45)—spills over into multiple 2-digit 
codes. In dollar terms, the second and third most prevalent industrial sectors 
are Professional, Scientific, and Technical Services (54) and Construction 
(23); however, they are less significant in terms of the number of contracts, 
because those sectors have higher value contracts. At the other end of the 
scale, Wholesale Trade (42) has less money obligated than either Construction 
or Professional, Scientific, and Technical Services but more records than 
both put together by a significant margin. The concentration of records and 
obligations in a small number of sectors was one factor prompting the study 
team to instead rely on subsector codes, which had a greater proportion of 
buckets that were significant by one or both measures. 

Figure 2: Percent of Frequency and of Obligation for Defense NA-
ICS Sector Codes

Figure 3 shows the top 15 North American Industrial Classification Code 
by subsector industry. At this level of granularity, Manufacturing has 
been broken down into more detailed subsectors. Thanks to that breakup, 
Professional, Scientific, and Technical Services (541), instead, is the top 
category in dollar terms, accounting for more than 25 percent of the total 
obligation. This is followed by two manufacturing subsectors: Transportation 
Equipment Manufacturing (336), which includes planes, ships and land 
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vehicles; and Computer and Equipment Manufacturing (334). See section 
6.4.5 for additional details.

Detailed Industry Defense Obligations (cl_def6_obl_lag1)

This variable annually sums total defense obligations by NAICS subsector 
and detailed industry. It is included in the model with a lag of one year, 
so the estimator for any contract will be the total obligations in the prior 
calendar year. It is also calculated at the subsector level, but that variable 
does not appear directly in the models. Instead, it is used to help create 
the subsector ratio. For both variations, when the total is negative or zero, 
it is treated as a missing value.

Detailed industry obligations are transformed logarithmically and rescaled. 
This involves subtracting the mean of 20.2 and then dividing the values by the 
standard deviation doubled (4.02). Rescaled Values of -1, 0, and 1 correspond 
to 10.4 million, 579 million, 32 billion in current dollar annual obligations. 
Data is missing for 2.1 percent of records and 0.75 percent of obligations. 

Figure 3: Percent of Frequency and of Obligations for Top 19 
Defense NAICS Subsectors

All Others
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Subsector Ratio and Detailed Industry Ratio (cl_def3_ratio_lag1 and 
cl_def6_ratio_lag1) compares total defense obligations to revenues in 
the same NAICS category for the U.S. economy as a whole. The study 
team learned of this approach and of the necessary sources through the 
work Nancy Young Moore, Clifford A. Grammich, and Judith D. Mele.47 
The revenue data is only available for 2007 and 2012. Contracts starting in 
calendar years 2008-2012 use the 2007 value, and contracts starting between 
2013 and 2015 use the 2012 value. Because obligation and revenue are two 
different measures and DoD spending sometimes takes place overseas, it is 
possible for the defense obligations to exceed revenue in the U.S. economy 
as a whole. In that case, the study team capped the variable at 1, which 
represents monopsony by the DoD. 

However, for most NAICS categories, defense obligations are only a small 
proportion of the total economy, which can be seen in the logged and 
rescaled variables:

 ▪ The subsector ratio variable is rescaled by subtracting its mean (-4.88) 
and dividing by its standard deviation doubled (3.48). Values of -1, 0, 
and 1 correspond to a defense to civilian ratio of 0.00023, 0.0076, and 
0.25 respectively.

 ▪ The detailed industry ratios tend to be higher. Their subtracted mean 
is only -4.42, and their doubled standard deviation is larger as well at 
3.86. In the resulting rescaled variable, Values of -1, 0, and 1 correspond 
to defense to civilian ratios of 0.00025, 0.012, and 0.57 respectively.”

The subsector and detailed industry ratio are unavailable for about 0.3 and 2.3 
percent of records and 0.63 and 1.1 percent of obligated dollars, respectively.

Subsector and Detailed Industry U.S. Average Salary (cl_US6_avg_sal_lag1) 
is a variable calculated by dividing the current dollar payroll of the relevant 
detailed industry by the number of employees. For this dataset it is derived 
from the economic census, and thus only available in 2007 and 2012, as with the 
ratio variables. As with the other economic variables, it is logged and rescaled. 
Rescaling subtracts its mean (11) and divides by its standard deviation doubled 
(0.72). The resulting variable covers a wide gamut of wages, with -1, 0, and 
1 corresponding to $28,334, $58,325, and $120,059 dollars respectively. Data 
is missing for 2.3 percent of contracts and 1.1 percent of obligations.

47.  Nancy Young Moore, Clifford A. Grammich, and Judith D. Mele, “Trends in the DoD Industrial 
Base,” (PowerPoint Presentation, Acquisition Research Symposium, Panel #14: The Big Picture of 
Defense Acquisition, Monterey, CA, May 5, 2016), https://www.researchsymposium.com/conf/app/
researchsymposium/unsecured/file/46/Moore_14_SYM-AM-16-117.pdf.

https://www.researchsymposium.com/conf/app/researchsymposium/unsecured/file/46/Moore_14_SYM-AM-16-117.pdf
https://www.researchsymposium.com/conf/app/researchsymposium/unsecured/file/46/Moore_14_SYM-AM-16-117.pdf
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4.2.4 | OTHER CONTRACT-LEVEL INPUTS

Initial Contract Scope

Initial Cost Ceiling (cl_Ceil) is the rescaled natural log of the initial 
contract cost ceiling as reported by the base and all options field in then-
year dollars.48 The logarithm of variable is rescaled by subtracting its mean 
(8.62) and dividing by its standard deviation doubled (5.01). Values of -1, 
0, 0.5 and 1 correspond to $37, $5,530, $67,536 and $824,861 respectively. 
These numbers are fairly small by defense contract standards, as the vast 
majority of contracts have low ceilings, though a small proportion of large 
contracts account for most of the spending. Data is missing for just 0.05 
percent of contracts and transactions, which accounts for 0.21 percent of 
obligated dollars in the dataset. 

Initial Duration (cl_Days) is the rescaled natural log of the initial maximum 
duration of the contract in days. The maximum duration is determined by 
comparing the contract’s effective date to the current completion date. 
The variable is rescaled by subtracting its mean (3.03) and dividing by its 
standard deviation doubled (3.78). Values of -0.5, 0, 0.5, and 1 correspond 
to about 3 days, 21 days, 137 days, and 905 days respectively. Data is missing 
for under 0.5 percent of contracts and transactions, which represents about 
0.87 percent of dataset obligations.

Contract Vehicle

Contracts come in a variety of types, some of which are simple purchase 
orders, others are complex but single use contract awards, and yet others are 
task orders that are specific instances of an overarching indefinite delivery 
vehicle. These types are explained below and help define the nature of the 
contractor/customer relationship.49 The dataset uses dummy variables for 
four different types of indefinite delivery vehicles:

 ▪ SIDC is 1 if the vehicle is a single-award indefinite delivery contract 
and 0 otherwise. These contracts may be initially awarded via 
competition but afterwards are only used for task orders to a single 
vendor. They constitute 60.6 percent of all contracts and 47.9 percent 
of obligations. 

48.  Constant dollars are not used to allow for comparability between the contract ceiling and con-
tract’s actual expenditures in multiyear contracts. The base and all options ceiling of the contract 
is in nominal dollars but does not break out the cost ceiling for each individual year of a contract’s 
life. As a result, the ceiling in constant dollars could be approximated—for example by assuming 
that the ceiling will be split evenly over the life of a contract—but cannot be calculated with any 
certainty.
49.  For more detail on contract vehicle types, see the Glossary at USAspending.gov.
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 ▪ MIDC is 1 if the vehicle is a multiple-award indefinite delivery contract 
and 0 otherwise. These vehicles have a pool of potential vendors that can 
receive task orders, and they make up almost 3.0 percent of contracts 
but 17.1 percent of obligations.

 ▪ FSS/GWAC is 1 if the vehicle is a Federal Supply Schedule or Government-
Wide Acquisition Contract and 0 otherwise. These two consistently 
multiple-award indefinite delivery vehicles constitute 4.4 percent of 
contracts and 3.3 percent of obligations. 

 ▪ BPA/BOA is 1 if the vehicle is a Blank Purchase Agreement or Basic 
Ordering Agreement and 0 otherwise. These indirect vehicles can be 
either single-award or multi-award, but taken together, they only 
constitute 2.2 percent of contracts and 2.3 percent of obligations. 

The remaining 29.9 percent of contracts are contract awards and purchase 
orders with no parent contract and 29.3 percent of obligations. This is 
the baseline for the regression model, which is true when all four dummy 
variables are zero. Vehicle classifications are missing for less than 0.1 percent 
of contracts and for a similarly small percentage of dataset obligations.

Contract Pricing

Fixed-Price (PricingFee) is a categorical variable based on contract pricing 
and fee structure. The baseline is firm-fixed price contracts, which account 
for 86.2 percent of all contracts though only 64.0 percent of obligations.

 ▪ Other FP refers to other fixed-price contracts and includes fixed-price 
redetermination, fixed-price award fee, and fixed-price economic price 
adjustment and accounts for almost 10.8 percent of contracts and 8.6 
percent of obligations.

 ▪ Incentive refers to the incentive fee contracts, including fixed-price 
incentive fee, cost plus incentive fee, and cost sharing. It accounts for 
only 0.3 percent of contracts but 3.0 percent of obligations.

 ▪ Comb-Other refers to combined and other contracts using multiple 
pricing mechanisms or unusual and unclassified types. It accounts for 
0.4 percent of contracts but 4.1 percent of obligations.

 ▪ Other CB refers to all types of cost-based contracting, excluding incentive 
fee, and accounts for just over 1.2 percent of contracts but over 17.0 
percent of obligations.

 ▪ T&M/LH/FPLOE refers to time and materials, labor hours, and fixed-
price level of effort contracts respectively. It accounts 1.1 percent of 
contract and a bit under 3.3 percent of obligations.
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A miniscule percentage of contracts and obligations are unlabeled. 

Undefinitized Contract Action

Undefinitized Contract Action (b_UCA) is a binary variable with a value 
of 1 for contracts that begin as letter contracts or undefinitized contract 
awards (UCA) and a value of 0 otherwise. They account for a tiny proportion 
(0.40 percent) of contracts and only 4.0 percent of obligations, but they 
do significantly correlate with a greater risk of terminations and ceiling 
breaches. Unfortunately, due to a reporting error in recent years on the 
now retired version of USAspending.gov, UCA classification is missing 
for over 15 percent of records and nearly 9 percent of obligations in the 
dataset. Nonetheless, the predictive power of this variable is sufficient and, 
therefore, still included in the study.

Contract Location

Any International (b_Intl) is a binary variable with a value of 1 for contracts 
with any transactions performed internationally and a value of 0 otherwise. 
8.7 percent of contracts had an international component, as well as nearly 
14.9 percent of obligations. Only a miniscule portion of records and 0.1 
percent of obligations were unlabeled.

4.3 | Empirical Approach
The study team has created one model evaluating the connection between 
industrial concentration and competition, four models evaluating all 
combinations of the study and mediating variables (competition and 
concentration, respectively) with the two contract outcome variables 
(terminations and ceiling breaches), and finally another two models that 
combine the study and mediating variables for each outcome variable. The 
initial model allowed the study team to study H2. The combined model for 
industrial concentration and competition were used to evaluate H1 and H3, 
respectively. The middle four models proved less necessary than expected, 
because neither the coefficients for industrial concentration nor competition 
notably changes upon the inclusion of the other.

4.3.1 | CHOICE OF ECONOMETRIC MODEL

For the initial model of industrial concentration’s correlation with competition, 
the study team used a regression analysis with the outcome variable of the 
log of number of offers. For this model, sole source awards were treated 
as having a single offer. The study team used a maximum likelihood logit 
analysis to analyze both termination and ceiling breaches. Logit is suited 
to dependent variables, which can be true or false (1 or 0) but not values 
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outside of that range. This approach does not allow for evaluation of the 
size of a ceiling breach or variations of partial or complete terminations. 
However, less than 5 percent of contracts ever experience ceiling breaches 
or termination. Therefore, the study team is only focusing on when these 
events occur and not differences between these cases.

In addition, for each of these models, the study team employs multilevel 
modeling techniques to capture the differences in expected outcomes 
between industrial sectors as categorized by NAICS codes and contracting 
office. Each contract is assigned to a detailed industry NAICS sector based 
on the NAICS code that received the most overall obligations over the 
contract’s lifespan. Similarly, each contract is assigned a contracting office 
and agency based on the initial transaction for the contract. Finally, for the 
initial model of industrial concentration’s correlation with competition, 
the date the contract was initially signed is used to determine the starting 
calendar year. This multilevel approach results in five groupings:

 ▪ Economy

• Subsector Code (NAICS3) with 82 groups within the sample.
• Detailed Industry Code (NAICS6), nested underneath subsector 

codes with 973 groups within the sample.
 ▪ Government Customer

• Contracting Agency Code (Agency) with 24 groups within the 
sample. For context, the top 5 defense agency codes are broken 
out in Figure 4.

• Contracting Office Code (Office), nested underneath the agency 
codes, with 1,462 groups within the sample.

 ▪ Timing

• Start Calendar Year, with 8 groups from 2008 to 2015.

The equations below use a varying intercept model, which is to say that 
each of the groupings has a constant term added to the equation based 
on the termination or ceiling breach rate within that sector. Multilevel 
modeling techniques are a means to balance between two extremes when 
considering how to combine data from different groups. The first technique 
is complete pooling, which means there would be no varying intercept and 
no differentiation based on a contract’s NAICS sector. The second technique 
is no pooling, which means there is a separate model for each NAICS sector. 
Multilevel modeling uses “soft constraints,” which are covered in more 
detail in the next section and mixes these two techniques. Specifically, 
the study team employed a mix of the modeling technique recommended 
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by Andrew Gelman and Jennifer Hill50 and the technique recommended by 
Nicolas Sommet and Davide Morselli.51 

Figure 4: Percent of Frequency and of Obligations for Top 5 
Defense Agency Codes

4.3.2 | PRESENTATION OF ESTIMATING EQUATION

For concentration as a mediating variable when estimating the extent of 
competition, the study team used the following model (subscript  refers 
to the individual contract, while subscript refers to the NAICS subsector, 
subscript k refers to NAICS detailed industry, subscript l refers to contracting 
agency, subscript m refers to contracting office, and subscript n refers to 
calendar year for those equations that include it). For a glossary of the 
variable names used in the equations, refer to Appendix C.

50.  Gelman and Hill, Data Analysis Using Regression and Multilevel/Hierarchical Models.
51.  Sommet, Nicolas and Davide Morselli, “Keep Calm and Learn Multilevel Logistic Modeling: A 
Simplified Three-Step Procedure Using Stata, R, Mplus, and SPSS” International Review of Social 
Psychology 30, no. 1 (2017): 203-218, DOI: http://doi.org/10.5334/irsp.90.
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Equation 1: Industrial Concentration and Competition

The second half of the equation merits additional explanation.  and 
 refer to the subsector and detailed industry intercepts, which in this 

and the subsequent equations will vary for each of the 82 NAICS subsector 
codes and 973 NAICS detailed industry codes.  
likewise represent their respective groupings. Andrew Gelman and Jennifer 
Hill explain the concept in their introductory text book:

“In the multilevel model, a “soft constraint” is applied to the  
[ ]’s: they are assigned a probability distribution [see above], 
with their mean  and standard deviation  estimated from the 
data. The distribution has the effect of pulling the estimates of  
[ ] toward the mean level  but not all the way…”52

Equation 2: Combined Industrial Concentration and Competition 
and Ceiling Breaches

To avoid repetition, only the final combined equations for ceiling breach 
and termination are displayed here. The exclusively concentration and 
competition models follow the same pattern but omit the other study 
variable(s) and relevant interactions.

52.  Gelman and Hill, Data Analysis Using Regression and Multilevel/Hierarchical, , 257.

, and,
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and Terminations
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CHAPTER 5

Results 

This section groups the models not by the hypothesis being tested but by 
outcome variable: number of offers, ceiling breaches, and terminations. 
This approach was chosen because models with the same outcome, such 
as ceiling breaches, are more similar than those with the same study 
variable, such as competition. The next section, Discussion, collects and 
analyzes these results across different outputs. To aid in the interpretation 
of coefficients, section 4.2 details how the continuous variables have been 
transformed logarithmically and rescaled.
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5.1 | Industrial Concentration’s Correlation with Competition 
This model examines the relationship between the number of offers a 
contract receives and two study input variables: the industrial concentration 
of subsectors and the industrial concentration of detailed industries. The 
results, shown in Table 1, finds a negative relationship between concentration 
and competition that is significant at the 99.9-percent level but with a 
low magnitude. The study finds a one-unit increase in concentration, 
measured by the subsector HHI, is associated with a 13 percent decrease 
in the number of offers received. For the detailed industry HHI, the result 
is minimal and not significant. In this case, as in all subsequent ones, the 
correlations described assume that all else is held equal.

This multilevel model includes not just an overall intercept, but also varying 
intercepts that are not shown in the table: the government customer, section 
of the economy, and timing of each contract. The intraclass correlation 
coefficient calculates the influence of each grouping. The government 
customer intercepts explain 30.6 percent of the model variance and are 
tracked by the contracting office (19.6 percent) and agency within the DoD 
(9.4 percent). The section of the economy intercepts explain another 12.4 
percent of the variance between the subsector (3.0 percent) and NAICS 
detailed industry (9.4 percent). The timing intercepts refer to the start 
year of the contract and explain only 0.1 percent of the variance. Calendar 
year is only included for the number of offers models due to its minimal 
correlation on the occurance of terminations and ceiling breaches. 

From the economic sector variables, the most noteworthy estimator is the 
amount of defense obligations for the detailed industry, with a one-unit 
increase in obligations within that detailed industry estimating a 23-percent 
increase in the number of offers. Contract vehicle has a significant influence 
on number of offers, with the strongest correlations being Multi-Award IDCs 
and BPA/BOAs (with 5.4 percent and 12 percent fewer offers than definitive 
contracts, respectively). The larger initial ceiling of the contracts correlates 
with slightly fewer offers, and a one-unit longer duration correlates with 
4.5 percent more offers. 

Other cost-based contracts, which includes most forms of cost plus 
contracts with the exception of cost plus incentive fee and cost sharing, 
receive 24.3 percent fewer offers than FFP. In the other direction, fixed-
price contracts that are neither incentive nor firm-fixed-price correlate 
with 45.7 percent more offers. UCAs estimate 17 percent fewer offers, and 
this phenomenon is amplified by another 10 percent in detailed industries 
that are one unit more concentrated. Contracts performed internationally 
are associated with a 19-percent reduction in offers. The model also finds 
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that indefinite delivery vehicles correlate with a mitigation of this trend—
as single-award IDCs more than counters this penalty—and all forms of 
indefinite delivery vehicles mitigate this trend. All of the results in this 
paragraph are significant at the 99.9-percent level, with the exception of 
the interaction of performing a contract abroad and FSS/GWAC vehicle, 
which is significant at the 99-percent level.
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Table 1: Regression Model of Log(Number of Offers)

 Concentration
 (Intercept)  1.03 (0.08)***

 Study Variables
     Log(Subsector HHI)  -0.14 (0.00)***

     Log(Det. Ind. HHI)  0.00 (0.00)
 NAICS Characteristics
     Log(Subsector Ratio)  -0.03 (0.01)*

     Log(Det. Ind. DoD Obl.)  0.21 (0.01)***

     Log(Det. Ind. Ratio)  0.03 (0.01)***

     Log(Det. Ind. U.S. Avg. Salary)  0.10 (0.01)***

 Contract Characteristics
     Log(Init. Ceiling)  -0.01 (0.00)***

     Log(Init. Days)  0.04 (0.00)***

     Vehicle=S-IDC  -0.02 (0.00)***

     Vehicle=M-IDC  -0.06 (0.01)***

     Vehicle=FSS/GWAC  0.02 (0.00)***

     Vehicle=BPA/BOA  -0.12 (0.01)***

     Pricing=Other FP  0.38 (0.00)***

     Pricing=Incentive Fee  -0.05 (0.01)**

     Pricing=Combination or Other  -0.05 (0.01)*** 

     Pricing=Other CB  -0.28 (0.01)*** 

     Pricing=T&M/LH/FP:LoE  -0.01 (0.01)
     UCA  -0.18 (0.01)***
     Performed Abroad  -0.21 (0.01)***

 Interactions
     Log(Det. Ind. HHI):UCA  -0.10 (0.03)***

     Vehicle=S-IDC:Performed Abroad  0.29 (0.01)***

     Vehicle=M-IDC:Performed Abroad  0.17 (0.02)***  

     Vehicle=FSS/GWAC:Performed Abroad  0.05 (0.02)**

     Vehicle=BPA/BOA:Performed Abroad  0.11 (0.02)***

AIC 2131240.59
 BIC  2131606.87
 Log Likelihood  -1065589.30
 Num. obs.  1000000
 Var: Office:Agency (Intercept)  0.17
 Var: NAICS:NAICS3 (Intercept)  0.08
 Var: NAICS3 (Intercept)  0.03
 Var: Agency (Intercept)  0.10
 Var: StartCY (Intercept)  0.00
Var: Residual 0.49
***p < 0.001, **p < 0.01, *p < 0.05, .p < 0.1 (Logged inputs are rescaled. For this model, sole 
source contracts are treated as having 1 offer.)
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5.2 | Ceiling Breaches’ Correlation with Industrial 
Concentration and Competition 

Table 3 shows the models for ceiling breaches first using industrial 
concentration and competition as separate inputs and then including them 
both in the same model. This approach was chosen because if competition 
was primarily a channel for industrial concentration, then we would expect 
the coefficients for the study variables to change markedly based on the 
inclusion of the other. This proved not to be the case. So, for simplicity’s 
sake, the results will focus on the model that included both variables.

The models show no significant relationship between concentration and 
ceiling breaches, at either the subsector or detailed industry level. The sign 
of the estimated coefficients of these variables oppose one another, with 
subsector concentration having a negative correlation with ceiling breaches 
and detailed industry having a larger magnitude positive correlation. 

The results for competition are significant but are also contradictory. 
Competition with 1 offer correlates with a lower risk of ceiling breach 
and is significant at the 99.9-percent level. In the opposite direction, 
competition with 5 or more offers correlates with a higher risk of ceiling 
breach, though this finding is only significant at the 95-percent level. While 
interpreting the sign of the relationship is straightforward, interpreting 
the coefficient requires an addition step because the models for ceiling 
breach and terminations use logit models, which are well suited to the 
binary output measures chosen by the study team. To meaningfully 

Table 2: Ceiling Breach Odds Ratios

95 Percent Conf. Interval
Model Variable Odds Ratio Lower Bound Upper Bound
Concentration Log(Subsector HHI) 0.99 0.90 1.09
Concentration Log(Det. Ind. HHI) 1.05 0.96 1.15
Competition Comp = 1 offer 0.88 0.82 0.94
Competition Comp = 2 offers 0.98 0.91 1.06
Competition Comp = 3-4 offers 1.02 0.96 1.09
Competition Comp = 5+ offers 1.09 1.02 1.16
Both Log(Subsector HHI) 0.99 0.90 1.09
Both Log(Det. Ind. HHI) 1.06 0.97 1.16
Both Comp = 1 offer 0.88 0.82 0.94
Both Comp = 2 offers 0.98 0.91 1.05
Both Comp = 3-4 offers 1.02 0.96 1.09
Both Comp = 5+ offers 1.09 1.02 1.16
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interpret the results, it is necessary to transform them with an inverse 
logit function in order to provide an odds ratio. These results can be seen 
in Table 2 below. In interpreting these ratios, a value of 1 would mean no 
relationship between the variable and ceiling breaches. The value of 0.88 for 
Comp=1 Offer indicates that a contract competed with one offer would be 
associated with a 12-percent reduction in ceiling breaches versus one that 
was not competed. The value of 1.09 for Comp=5+ Offers would estimate 
a 9-percent increase in the prevalence of ceiling breaches compared to 
an uncompleted contract. The “Lower Bound” and “Upper Bound” give 
the 95-percent confidence interval for the odds ratio. If this interval does 
not overlap with the 1, then the odds ratio is significant at the 95-percent 
level. These values were slightly different for the model that included 
both competition and concentration but retained approximate direction, 
magnitude, and significance.
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Table 3: Logit Models of Ceiling Breaches
 Concentration Competition Both

 (Intercept)  -5.57 (0.24)***  -5.55 (0.25)***  -5.55 (0.24)***

 Study Variables
     Log(Subsector HHI)  -0.01 (0.05)  -0.01 (0.05)
     Log(Det. Ind. HHI)  0.05 (0.04)  0.06 (0.04)
     Comp = 1 offer  -0.13 (0.04)***  -0.13 (0.04)***

     Comp = 2 offers  -0.02 (0.04)  -0.02 (0.04)
     Comp = 3-4 offers  0.02 (0.03)  0.02 (0.03)
     Comp = 5+ offers   0.08 (0.03)*  0.08 (0.03)* 

 NAICS Characteristics
     Log(Subsector Ratio)  -0.39 (0.13)**  -0.43 (0.13)**  -0.41 (0.13)**

     Log(Det. Ind. DoD Obl.)  0.08 (0.05)  0.10 (0.05).  0.09 (0.05).

     Log(Det. Ind. Ratio)  -0.00 (0.03)  -0.01 (0.03)  -0.01 (0.03)
     Log(Det. Ind. U.S. Avg. Salary)  -0.38 (0.06)***  -0.39 (0.06)***  -0.38 (0.06)***

 Contract Characteristics
     Log(Init. Ceiling)  1.39 (0.03)***  1.38 (0.03)***  1.38 (0.03)***

     Log(Init. Days)  0.52 (0.03)***  0.51 (0.03)***  0.51 (0.03)***

     Vehicle=S-IDC  -0.39 (0.03)***  -0.41 (0.03)***  -0.41 (0.03)***

     Vehicle=M-IDC  -0.02 (0.04)  -0.01 (0.04)  -0.01 (0.04)
     Vehicle=FSS/GWAC  -0.24 (0.05)***  -0.23 (0.05)***  -0.23 (0.05)***

     Vehicle=BPA/BOA  -0.47 (0.07)***  -0.46 (0.07)***  -0.46 (0.07)***

     Pricing=Other FP  0.09 (0.14)  0.11 (0.14)  0.11 (0.14)
     Pricing=Incentive Fee  1.88 (0.14)***  1.88 (0.14)***  1.88 (0.14)***

     Pricing=Combination or Other  0.72 (0.10)***  0.72 (0.10)***  0.72 (0.10)***

     Pricing=Other CB  0.13 (0.07)·  0.15 (0.07)*  0.15 (0.07)*

     Pricing=T&M/LH/FP:LoE  0.38 (0.10)***  0.39 (0.10)***  0.38 (0.10)***

     UCA  1.71 (0.09)***  1.97 (0.10)***  1.99 (0.10)***

     Performed Abroad  -0.01 (0.07)  -0.01 (0.07)  -0.01 (0.07)
 Interactions
     Log(Det. Ind. HHI):Log(Det. Ind. DoD Obl.)  0.04 (0.06)  0.05 (0.06)
     Log(Det. Ind. HHI):UCA  0.33 (0.13)*  0.13 (0.14) 
     Log(Init. Ceiling):UCA  -1.34 (0.13)***  -1.16 (0.13)***  -1.16 (0.13)***

     Comp = 1 offer:UCA  -0.79 (0.20)***  -0.80 (0.20)***

     Comp = 2 offers:UCA  -0.74 (0.25)**  -0.70 (0.25)**

     Comp = 3-4 offers:UCA  -1.26 (0.24)***  -1.25 (0.25)***

     Comp = 5+ offers:UCA  -1.19 (0.24)***  -1.15 (0.24)***

AIC 80392.13 80316.50  80319.82
 BIC  80711.14  80682.78  80733.36
 Log Likelihood  -40169.06  -40127.25  -40124.91
 Num. obs.  1000000  1000000  999993
 Var: Office:Agency (Intercept)  1.50  1.48  1.49
 Var: NAICS:NAICS3 (Intercept)  0.18  0.18  0.18
 Var: NAICS3 (Intercept)  0.21  0.21  0.21
 Var: Agency (Intercept) 0.60 0.61 0.61
***p < 0.001, **p < 0.01, *p < 0.05, .p < 0.1 (Logged inputs are rescaled.)
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This multilevel model includes varying intercepts for the government 
customer and section of economy but not the start year. The intraclass 
correlation coefficient again shows that which organization is doing the 
buying explains the most variance (36.2 percent). This variance is divided 
between agency (10.5 percent) and contracting office (25.7 percent). The 
NAICS category is less important for estimating the number of offers, 
explaining only 6.8 percent of variance. The division is fairly even between 
the subsector (3.0 percent) and detailed industry (3.7 percent). Among the 
economic controls, a few significant results stand out. At the subsector 
level, those subsectors where DoD obligations had a higher ratio to overall 
U.S. revenue estimated less frequent ceiling breaches (odds ratio 0.66). 
At the detailed industry level, higher U.S. average salaries in the detailed 
industry estimated a lower risk of ceiling breach (ratio 0.68).

A variety of results are significant at for contract-level controls.  Both higher 
logged initial contract ceilings and longer logged initial durations estimate 
higher risks of ceiling breaches (odds ratio of 3.97 and 1.66, respectively). 
In terms of contract vehicles, single-award IDCs, FSSGWAC, and BPA/BOAs 
estimated lower risks of ceiling breaches (odds ratios of 0.67, 0.79, and 
0.63 respectively). The biggest standout among pricing mechanism was 
that incentive fee contracts, which includes both fixed-price incentive fee 
and cost-plus incentive fee. These estimated a fivefold increase in risk 
of ceiling breaches (odds ratio of 6.53). The category of combination and 
other contracts also had a greater risk of ceiling breaches (2.04 odds ratio), 
as did T&M/LH/FPLOE (odds ratio 1.46). Meanwhile, UCAs are associated 
with a sixfold increase in the rate of ceiling breaches (7.34 odds ratio). 
Interactions also estimate that competed UCAs correlate with a lower risk 
of ceiling breach, particularly with 3 or more offers. Finally, a larger ceiling 
size is associated with a mitigation of the risk of ceiling breach for UCAs. 
See section 6.4.4 for additional discussion of pricing mechanism.

5.3 | Termination’s Correlation with Industrial Concentration 
and Competition 

As with ceiling breaches, the three models (just concentration, just competition, 
and both) have roughly similar coefficient. So, for simplicity sake, the study 
team focused on the model incorporating both study variables. As shown 
in Table 4, a greater subsector HHI is associated with an increased risk of 
termination (odds ratio 1.27), a correlation that is significant at the 99.9 
percent level. The coefficient for Det. Ind. HHI, goes in the other direction 
but the relationship is not significant. 

Results
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Turning to interactions, as shown in Table 5, the subsector HHI’s estimation 
of increased risk of termination is further increased when the Subsector 
Ratio is high, a relationship that is significant at the 99.9-percent level. 
A high Subsector Ratio means that the DoD obligations account for a 
substantial portion of total U.S. revenues in the subsector. Also of note, the 
model found that for detailed industries, concentration and the total size 
of defense obligations in that detailed industry correlate to a greater risk 
of termination when interacting. However, this result was only significant 
at the 90-percent level.

No matter the number of offers, competitive procedures estimated a higher 
risk of termination. This relationship was significant at the 99.9-percent 
level for competition with two or more offers. Moreover, those categories 
with more offers had a greater risk, escalating from competition with a 
single offer (1.07 odds ratio and only significant at the 90-percent level), 
to competition with two offers (1.28 odds ratio), to competition with 3-4 
offers (1.48 odds ratio), to the peak at more than doubling for competition 
with five or more offers (2.08 odds ratio). 

For terminations, the multi-level portions of the model were still important 
but less important than they were for number of offers and ceiling breaches. 
The organization doing the contracting accounted for 17.8 percent of the 
model variance (according to the intraclass correlation coefficient). Only 
a small portion (0.5 percent) of this variance was captured at the agency 
level. The rest (17.3 percent) was observed at the contracting office level. 

Table 4: Terminations Odds Ratio
95 Percent Conf. Interval

95 Model Variable Odds Ratio Lower Bound Upper Bound
Concentration Log(Subsector HHI) 1.27 1.15 1.41
Concentration Log(Det. Ind. HHI) 0.98 0.9 1.07
Competition Comp = 1 offer 1.21 1.05 1.41
Competition Comp = 2 offers 1.37 1.17 1.6
Competition Comp = 3-4 offers 1.48 1.28 1.72
Competition Comp = 5+ offers 2.24 1.95 2.57
Both Log(Subsector HHI) 1.28 1.15 1.42
Both Log(Det. Ind. HHI) 0.99 0.91 1.09
Both Comp = 1 offer 1.07 1 1.16
Both Comp = 2 offers 1.23 1.13 1.33
Both Comp = 3-4 offers 1.48 1.38 1.6
Both Comp = 5+ offers 2.08 1.94 2.23
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Table 5: Logit Model Results For Terminations
 Concentration Competition Both

 (Intercept)  -5.14 (0.16)***  -5.38 (0.16)***  -5.37 (0.16)***
 Study Variables
     Log(Subsector HHI)  0.24 (0.05)***  0.24 (0.05)***
     Log(Det. Ind. HHI)  -0.02 (0.05)  -0.01 (0.05)
     Comp = 1 offer  0.07 (0.04).  0.07 (0.04).

     Comp = 2 offers  0.21 (0.04)***  0.21 (0.04)***
     Comp = 3-4 offers  0.39 (0.04)***  0.39 (0.04)***
     Comp = 5+ offers  0.73 (0.04)***  0.73 (0.04)***
 NAICS Characteristics
     Log(Subsector Ratio)  -0.09 (0.11)  0.09 (0.09)  -0.10 (0.11)
     Log(Det. Ind. DoD Obl.)  -0.05 (0.05)  -0.08 (0.05).  -0.05 (0.05)
     Log(Det. Ind. Ratio)  -0.08 (0.05).  -0.07 (0.05)  -0.07 (0.05)
     Log(Det. Ind. U.S. Avg. Salary)  -0.05 (0.06)  -0.01 (0.06)  -0.03 (0.06)
 Contract Characteristics
     Log(Init. Ceiling)  0.64 (0.03)***  0.62 (0.03)***  0.62 (0.03)***
     Log(Init. Days)  0.84 (0.04)***  0.82 (0.04)***  0.82 (0.04)***
     Vehicle=S-IDC  -0.61 (0.03)***  -0.65 (0.03)***  -0.64 (0.03)***
     Vehicle=M-IDC  -0.37 (0.06)***  -0.39 (0.06)***  -0.38 (0.06)***
     Vehicle=FSS/GWAC  -0.28 (0.05)***  -0.31 (0.05)***  -0.30 (0.05)***
     Vehicle=BPA/BOA  -0.66 (0.08)***  -0.61 (0.08)***  -0.63 (0.08)***
     Pricing=Other FP  -0.98 (0.08)***  -0.95 (0.08)***  -0.95 (0.08)***
     Pricing=Incentive Fee  -0.20 (0.21)  -0.14 (0.22)  -0.16 (0.22)
     Pricing=Combination or Other  -0.67 (0.22)**  -0.62 (0.22)**  -0.65 (0.22)**
     Pricing=Other CB  -0.70 (0.14)***  -0.64 (0.14)***  -0.65 (0.14)***
     Pricing=T&M/LH/FP:LoE  -1.02 (0.22)***  -1.00 (0.23)***  -1.01 (0.23)***
     UCA  0.96 (0.09)***  1.08 (0.09)***  1.09 (0.09)***
     Performed Abroad  0.07 (0.06)  0.12 (0.06)*  0.12 (0.06).

 Interactions
     Log(Det. Ind. HHI):Log(Det. Ind. DoD Obl.)  -1.06 (0.19)***  -1.09 (0.20)***  -1.10 (0.20)***
     Log(Det. Ind. HHI):UCA  0.12 (0.07).  0.12 (0.07).

     Log(Init. Ceiling):UCA  0.58 (0.15)***  0.58 (0.15)***
AIC 94883.92 94337.71 94308.40

 BIC  95202.94  94656.73  94674.68
 Log Likelihood  -47414.96  -47141.85  -47123.20
 Num. obs.  1000000  1000000  1000000
 Var: Office:Agency (Intercept)  0.77  0.79  0.78
 Var: NAICS:NAICS3 (Intercept)  0.13  0.14  0.13
 Var: NAICS3 (Intercept)  0.08  0.07  0.08
 Var: Agency (Intercept) 0.11 0.06 0.06
***p < 0.001, **p < 0.01, *p < 0.05, .p < 0.1 (Logged inputs are rescaled.)

Results
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Similarly, the NAICS category was less influential and accounted for 4.0 
percent of variance overall, with the subsector level (1.5 percent) being less 
influential than the detailed industry level (2.4 percent). The economic 
sector variables reached significance only in interaction with the study 
variables, as was mentioned above regarding both the interaction between 
subsector ratio and HHI and the interaction between detailed industry 
obligations and HHI.

In contrast to the economic sector variables, contract scope is a powerful 
estimator of terminations. Flipping the relative importance for ceiling 
breaches, the log of the initial duration is most strongly associated with 
a greater risk of termination (2.28 odds ratio). That said, the log of initial 
contract ceiling remains significant at the 99.9-percent level and is 
associated with a jump in terminations by more than a three-quarters for 
every unit increase in ceiling size (odds ratio 1.86). Contract vehicle is also 
uniformly significant at the 99-percent level or above, with all indefinite 
vehicles predicting lower likelihood of termination, which is discussed in 
greater detail in section 6.3.2.

Contract pricing has less estimating power, although “other fixed price” 
(a category made up of fixed price redetermination, fixed price award fee, 
and fixed price economic price adjustment) is associated with a greater 
than three-fifths reduction in the risk of termination (odds ratio 0.39). 
In an interesting contrast to the ceiling breach results, combination and 
other pricing contracts estimate a lower rate of termination (odds ratio 
0.52) despite being more likely to experience ceiling breaches, though the 
latter result is only significant at the 95-percent level. In keeping with 
ceiling breaches, UCAs estimate a significantly increased rate of termination 
(significant at the 99.9-percent level with odds ratio 2.98), although the 
interactions with UCA and study variables did not prove significant and 
were left out of this model for reasons of parsimony. Finally, contracts 
with an international place of performance are more likely to be terminated 
(odds ratio 1.12), though in the model that includes both competition and 
concentration this result is only significant at the 90-percent level. 
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6.1 | Industrial Concentration
This paper found firm support for the first hypothesis for terminations 
but not for ceiling breaches:

 ▪ H1: industrial concentration leads to changes in contract performance 

The literature indicated that theoretically the effect on performance could 
go in both directions. Consolidated vendors may be better able to deliver 
economies of scale, efficiently integrate a range of different products and 
services, and make investments. On the other hand, greater concentration 
shifts the balance of power in the direction of the vendor and can ultimately 
risk putting the government in a monopoly situation where the government 
has fewer alternatives or is vendor locked with incumbents who lack the 
incentive to control costs. The termination model, as shown in Table 6, 
found significant positive correlation between subsector HHI and the risk 
of terminations. While not a casual model, this is consistent with the idea 
that consolidation shifts the balance of power away from the government 
in a manner that harms performance. However, if this is the case, there 
are no significant signs of this phenomenon for ceiling breaches. 

The interactions for terminations suggest that industrial concentration 
matters even more under certain circumstance. Namely, subsector industrial 
concentrations appear to matter more when there is less of a commercial 
industry to fall back on, (as measured by the ratio of defense obligations to 
U.S. economy, a result that is significant at the 99.9-percent level. While 
detailed industry HHI did not correlate with changes in performance, detailed 
industries that are both consolidated and have substantial defense obligations 
are associated with a higher risk of terminations, but this relationship is 
only significant at the 90-percent level. This interaction was tested because 
one property of the HHI is that it tends to be higher for smaller sectors. This 

Table 6: Concentration Summary Table

Odds Ratio
95 Percent 
Conf. Interval

Signigicant Interations

Output Variable
Lower 
Bound

Upper 
Bound

Ceiling Breaches Log(Subsector HHI) 0.99 0.9 1.09 --
Ceiling Breaches Log(Det. Ind. HHI) 1.06 0.97 1.16 --
Terminations Log(Subsector HHI) 1.28*** 1.15 1.42 Positive with Log(Sub-

sector Ratio)***
Terminations Log(Det. Ind. HHI) 0.99 0.91 1.09 Positive with Log(Det. 

Ind. DoD Obl.).
***p < 0.001, **p < 0.01, *p < 0.05, ·p < 0.1. (Logged inputs are rescaled.)
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follows naturally from how it is calculated. For example, one would expect 
Raytheon to have a substantial share of the guided missile detailed industry, 
but when zooming out to the transportation manufacture subsector, it is 
only one of the big 5 defense contractors. Thus, the detailed industry HHI 
matters more in the detailed industries where the DoD buys a lot, like the 
aforementioned guided missiles, rather than those where it buys a little, 
such as any of the agriculture or mining sectors. 

The study team did not have expectations 
as to whether subsector or detailed 
industry HHI would prove more significant. 
In interpreting the predominance of 
subsector measures, one factor to keep 
in mind is that subsectors are notably 
larger and less concentrated than detailed 
industries. The logarithmic mean of 
HHI is below 500. A 0.5 unit increase 

in subsector HHI still leaves this metric below 1500 and thus in low 
concentration territory. This reflects the fact that only a small percentage 
of contractors fall in highly consolidated subsectors. By comparison, the 
mean HHI value for detailed industry concentration is over a thousand, and 
a 0.5 unit change increases that value to over three thousand, well into the 
territory of a highly concentrated sector according to the DoJ standards. In 
highly concentrated detailed industries, the absence of alternative vendors 
may mean that even poorly performing contracts are less likely to be 
terminated. This vendor lock phenomenon is discussed in greater detail 
in the Competition section.

To check the robustness of this result, the study team also experimented 
with a model that included only the detailed industry level. The results for 
detailed industry in that test resembled the results for the omitted subsector 
HHI variable that was used for the models in this paper.

6.2 | Competition
The second and third hypotheses have a stricter requirement of support, 
as in each case they indicate the direction of the relationship:

 H2: Increasing (decreasing) industrial concentration leads to decreasing  
 (increasing) competition 

 H3: Decreasing (increasing) competition makes poor contract  
 performance more (less) likely 

 

This is consistent with the idea 
that consolidation shifts the 
balance of power away from 
the government in a manner 
that harms performance.
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In keeping with H2, sectors that are less concentrated are associated with 
more offers. However, the magnitude of the relationship was less than the 
study team expected. H3 found mixed support at best: only competition 
with a single offer estimated significantly fewer ceiling breaches. In 
addition, all categories of competition are associated with a greater risk 
of terminations. Furthermore, those categories of competition with more 
offers, in ascending order, faced greater risk of terminations. 

6.2.1 | RELATIONSHIP BETWEEN INDUSTRIAL CONCENTRATION AND COMPETITION

As was covered in section 5.1, greater subsector industrial concentration 
does decrease the number of offers received. That said, while the result is 
significant at the 99.9-percent level, the magnitude is less decisive than 
the study team expected. A one-unit change in subsector HHI only leads 
to a 12.7 percent decrease in number offers. Furthermore, the detailed 
industry HHI did not have a significant relationship to the number of 
offers received. This comparatively low magnitude suggests that a variety 
of factors (some of which are not included in the model) better explain 
much of the variance in number of offers.

The first possible explanation is barriers to entry. This can be conceived 
as an outer wall (the challenges for commercial vendors seeking to enter 
the federal market) as well as an inner wall (the difficulty in establishing 
a relationship with any given agency or contracting office). The outer wall 
is by no means absolute. The availability of a commercial sector has mixed 
results, correlating with fewer offers at the subsector level but more at 
the detailed industry level. In both cases the magnitude of that estimated 
change is below +/- 4 percent. By comparison, a one-unit increase in 
the total size of the defense sector for that detailed industry corresponds 
with a 23.3-percent increase in the number of offers, suggesting that 
those industries with a larger defense industrial base may have more 
choices, regardless of how consolidated that base may be. The height of 
the inner wall is indicated by the high intercorrelated coefficients for the 
contracting agency and office. Even after accounting for a range of NAICS 
sector characteristics, agency and office account for over a quarter of the 
variation in the model (9.4 percent for agency and 19.6 percent for office). 
This suggests that the market is often segmented by purchasers and not 
just by economic categories of vendors, which in turn may mean that 
government-imposed barriers to entry with any given contracting office 
may be as significant as economically structural dynamics.

However, barriers to entry may not tell the whole story. More offers can 
be a means to an end but may be sacrificed to achieve other ends. Even in 
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a detailed industry with many potential vendors, contracting officers may 
choose to prioritize speed or other goals rather than running up the score 
after they have achieved multiple offers. In fact, due to small business 
promotion efforts, contracting officers may limit competition to only small 
businesses if there are at least two viable contenders. On the other hand, 
agencies and contracting offices are evaluated based on the proportion 
of obligations that are awarded using competitive procedures as well as 
the percentage of competed obligations awarded after receiving multiple 
offers. Thus, even in concentrated detailed industries, contracting officers 
may choose to compete contracts and actively solicit vendor participation 
(even in consolidated sectors and even if it takes more work to find 
competitors). Taken together, the model and this analysis suggest that 
industrial concentration is only one of many factors that influences the 
extent of competition.

6.2.2 | MORE OFFERS MAY NOT BE BETTER

The results, summarized in Table 7, show partial support for H3 with regards 
to ceiling breaches but reject it for terminations. The mixed support for 
ceiling breaches is quite surprising, because competition with only a single 
offer correlated with better results than competition with multiple offers, 
despite the fact that single-offer competition is typically not considered 
to be effective competition. One explanation might be that multi-offer 
competition may introduce mounting pressure for bids that will win the 
competition, even if they are not necessarily profitable for the vendor or 
may involve other risks. The more than doubling of risks for competition 
with 5+ also may suggest that outright unqualified bidders, who would 
need more than a change order to turn around their contract, may be more 
likely to win when there are many offers in play. 

The bid-to-win phenomenon may also help explain why H3 is not just 
rejected, since competition with multiple offers is significantly correlated 
with higher rates of terminations. This fits with the dramatic difference 
between competition with two offers and with five or more (odds ratios of 
1.23 and 2.08 respectively). 

There are additional explanations that are less concerned with whether 
more than two offers were received. One possibility lies in bid-protests, 
which are one source of partial or complete terminations that are launched 
by losing vendors and thus are focused on competed contracts. Another 
explanation that may clarify why competition is associated across the 
board with a higher rate of terminations is that competition presumes 
that the government has another offer available. If they have no viable 
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alternatives to turn to, the government may prefer means of sanction short 
of outright termination despite always having the option to terminate 
the contract of an underperforming vendor for convenience, an approach 
that may induce fees but does not require the government to show 
failure or malfeasance on the part of the contractor. This question may 
be better addressed by a research design that incorporates deobligations 
or other sanctions.53 

A flip side of this bid-to-win explanation is that the government may 
still be receiving an important benefit from competition, just not one 
captured in the output variables used. Namely, if potential vendors bid 
more aggressively for multi-offer competition, then competed contracts 
should generally be less expensive than their sole source alternatives. Both 
ceiling breaches and terminations remain quite rare in the total universe 
of DoD contracts. As a result, if competition results in aggressive bids and 
lower prices, the DoD may still come out ahead from an expected value 
perspective. The ceiling breach and failure rate may be higher but saving 
money on all contracts might be worth more than doubling a low baseline 
termination rate. Likewise, the possibility of another vendor stepping in 
mitigates the downside of non-mission critical terminations. However, 
this calculation will vary from contracting office to contracting office and 
detailed industry to detailed industry. Aggressive bidding may be more 
damaging when the baseline risk of underperformance is higher.

53.  See for instance the doctoral dissertation Brunjes, B., «Designing for Success:  Managerial 
Influence on Federal Contractor Performance» (PhD diss., University of Georgia, 2016).

Table 7: Competition Summary Table
Odds 
Ratio

95 Percent 
Conf. Interval

Significant  
Interactions

Output Model Variable
Lower 
Bound

Upper 
Bound

Ceiling Breaches Both Comp = 1 offer 0.88*** 0.82 0.94 Negative  
with 
UCA.

***
Ceiling Breaches Both Comp = 2 offers 0.98 0.91 1.05 **
Ceiling Breaches Both Comp = 3-4 offers 1.02 0.96 1.09 ***
Ceiling Breaches Both Comp = 5+ offers 1.09* 1.02 1.16 ***
Terminations Both Comp = 1 offer 1.07. 1 1.16 --
Terminations Both Comp = 2 offers 1.23*** 1.13 1.33 --
Terminations Both Comp = 3-4 offers 1.48*** 1.38 1.6 --
Terminations Both Comp = 5+ offers 2.08*** 1.94 2.23 --
***p < 0.001, **p < 0.01, *p < 0.05, ·p < 0.1. (Logged inputs are rescaled.)
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Altogether, these findings contradict the simple story that all good things, 
competitive procedures, more offers, and positive contract outcomes 
naturally go together. This does not mean that benefits cannot be seen. 
Single offer competition does correlate with a lower rate of ceiling breaches. 
This suggests that competitive procedures may deliver some benefits even 
when only one vendor answers the solicitation. In addition, judging by the 
metrics in this study, there appears to be more risk as the number of offers 
increases. This also suggests that the DoD may be wise in focusing on 
whether contracts receive two or more offers as effective competition, rather 
than giving even higher grades to competitions that exceed that standard. 
Contracting officers may already be acting on this insight, which may help 
explain why we do not see more offers in sectors with low concentration 
as is discussed in section 6.2.1.

6.3 | Other Noteworthy or Unexpected Results

6.3.1 | AGENCY, OFFICE, NAICS SUBSECTOR, AND DETAILED INDUSTRY

Across all three models, contracting agency and contracting office explained 
more of the variance in outcomes than NAICS subsector and detailed sector. 
This held true even before the introduction of any other variables into the 
model. The study team interprets this to mean that the preponderance 
of influence suggests the unobserved contracting policy and instrument 
variation between different military departments, agencies, and offices lead 
to sizable variation in how change orders are used and contract ceilings 
are set.

The economic variables were contrary 
to expectation in two cases. First, in 
general, the ratio variables act as proxies 
to the size of the commercial market 
available. Thus, it was surprising to find 
that detailed industries that are more 
dominated by the defense sector receive 
more offers. Likewise, the study team did 
not expect that those subsectors where 
DoD obligations had a higher ratio to 

overall U.S. revenue would estimate less frequent ceiling breaches (odds 
ratio 0.69). Taken together, these results suggest that the DoD may not be 
achieving the potential increased vendor pool and risk reduction benefits of 
contracting in sectors where there is a larger commercial market available.

The next surprise was that a higher average salary in the detailed industry 
predicts more offers, a lower rate of ceiling breaches, and a lower rate of 

These findings contradict 
the simple story that all 
good things, competitive 
procedures, more offers, and 
positive contract outcomes 
naturally go together.
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terminations. The study team uses that variable as a proxy for the unobserved 
skill requirements in that part of the economy, which, in turn, is a proxy 
for complexity. This suggests the limitations of average wage as a proxy. 
Since each detailed industry has its own intercept, the model may already 
be capturing unobserved complexity more effectively than the study team’s 
choice of variable. Another risk is that because the measure is in current 
dollars, it may be capturing a temporal effect. The study team left the 
variable in because of its strength and the potential for it to capture the 
ability of a given detailed industry to attract and reward their workforce.

6.3.2 | CONTRACT VEHICLES

Single-award IDCs and BPA/BOAs estimate a lower risk of both ceiling 
breaches (odds ratios of 0.52 and 0.53, respectively) and terminations 
(odds ratios of 0.67 and 0.63, respectively). Contributing factors to the 
correlation may be that experienced vendors—with a stronger relationship 
with the government—are more likely to use these vehicles. On the other 
hand, this includes both of the vehicles with single-award variants, and 
in those cases, a contracting officer may find it easier to start a new task 
order than to issue a change order. In addition, in some cases, contracting 
officers may be sufficient to address a problem by not issuing further task 
orders rather than needing to pursue outright terminations. 

Similar patterns held for FSS/GWACs, which have a wider but prequalified 
vendor pool and lower risk of ceiling breaches (0.79 odds ratio) and 
terminations (0.74 odds ratio), though the magnitude is smaller than 
for single-award IDCs and BPA/BOAs. Finally, multi-award IDCs had a 
surprisingly split result with no significant correlation with ceiling breaches, 
but a lower risk of termination that put them between the other indefinite 
delivery vehicles (0.68 odds ratio).

6.3.3 | UCAS AND INCENTIVE FEE CONTRACTS

UCAs have significant negative correlations with both terminations and 
ceiling breaches, justifying their classification as a high-risk contract 
type. Competition can mitigate this association for ceiling breaches, 
but the relevant interactions were not significant in the termination 
model and thus were left out. The change-order-based metric used by 
this report may be especially sensitive to UCAs, because any UCA that 
increases its cost ceiling when definitized will automatically be classified 
as having experienced a ceiling breach. Furthermore, cautious contracting 
officers may choose a deliberately low not-to-exceed value for UCAs 
until the details have been nailed down. Likewise, contracting officers 
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may be more confident in setting a ceiling after reviewing proposals 
from multiple vendors.

Contrary to expectations, incentive fee contracts were also found to be 
associated with much higher rates of ceiling breaches. This runs directly 
opposite the findings of the Performance of the Defense Acquisition System 
report, which employs financial reporting data that can directly observe 
overruns but are not available to the general public.54 This discrepancy 
may be partially explained by the differences between the overall contract 
dataset used by this study and the MDAP dataset used by that report, 
but the difference underlines the importance of the caveats discussed in 
Section 6.4.3. 

6.4 | Robustness and Limitations of the Research
The study team has chosen to use reproducible methods to ease replication 
and also allow other researchers to build on our data in their own directions. 
The study team would also like to highlight those areas where research team 
decisions, and computational challenges, may have the greatest influence 
on the robustness of the results.

6.4.1 | THE MULTILEVEL MODELS EXPERIENCED FAILURE TO CONVERGE 
WARNINGS

The study team has encountered persistent challenges with this warning, 
particularly when including detailed industry and contracting office 
groupings within the model. The creators of the regression and maximum 
likelihood tools that are used in this analysis have identified a likely culprit 
for this problem:

“Exploratory analyses suggest that (1) the naive estimation of the 
Hessian may fail for large data sets (number of observations greater 
than approximately 1e5); (2) the magnitude of the scaled gradient 
increases with sample size, so that warnings will occur even for 
apparently well-behaved fits with large data sets.”55

The study team was able to perform many of the recommended tests, and 
the resultant models matched the results of the models included in this 
paper. However, the study team was not able to complete tests on all seven 

54.  Kendall, Frank, Performance of the Defense Acquisition System, 2014 (Washington, DC: U.S. 
Department of Defense, June 13, 2014), https://dod.defense.gov/Portals/1/Documents/pubs/Perfor-
mance-of-Defense-Acquisition-System-2014.pdf.
55.  Bates, Douglas et al, “Convergence: Assessing Convergence for Fitted Models” lme4: Linear 
Mixed-Effects Models using ‘Eigen’ and S4. (R Package Documentation: August 17, 2018), https://rdrr.
io/cran/lme4/man/convergence.html.

https://dod.defense.gov/Portals/1/Documents/pubs/Performance-of-Defense-Acquisition-System-2014.pdf
https://dod.defense.gov/Portals/1/Documents/pubs/Performance-of-Defense-Acquisition-System-2014.pdf
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models using the full range of available optimizers and encountered eigen 
value errors with some optimizers.

6.4.2 | LIMITATIONS OF PERFORMANCE METRICS

Both ceiling breaches and terminations only look at specific aspects of 
contract performance. The ceiling breach measure in particular does not 
test how the original or final cost ceiling compares to any should-cost 
price, only whether the ceiling changed from the original. The source of 
the dataset, FPDS, does not include quantity information as a standalone 
field, and even if it were available, the product or service code and NAICS 
categories combined are probably not specific enough to make apples-to-
apples price comparisons. Likewise, the study team chose to use a binary 
measure of ceiling breach, which does not differentiate between large and 
small increases. As was aforementioned, the study team was driven by the 
rarity of ceiling breaches to make this choice. The logit model, therefore, 
prioritizes understanding when ceiling breaches occur rather than estimating 
their magnitude

The termination measure is more robust, though it does include multiple 
forms of termination, both for convenience and default. In addition, 
partial and complete terminations are grouped within the FPDS data. As 
is noted earlier in the discussion section, the study may not capture badly 
performing contracts when the government does not have an alternative 
vendor available.

6.4.3 | DEFINING SECTORS

Especially at lower sample counts, the results for the study variables do 
change depending on whether multiple NAICS levels are included. The inputs 
ultimately included, subsector HHI and detailed industry HHI, do have a 
0.54 correlation with each other but do not register as a problem when 
judging by the variance inflation factor. In robustness tests, the study team 
found that if only the detailed industry is included and the subsector HHI 
is more significant, then the direction of the detailed industry coefficient 
changes to match the removed subsector coefficient. 

Conceptually, sector definition is also a challenging issue, as typically the 
more fine grained the sector definitions, the greater the consolidation. The 
study team has attempted to address this concern by including a range 
of economic sector metrics and also setting separate intercepts at both 
the subsector and detailed industry level. However, choosing the levels to 
include is a judgment call, and the team has tried to make the implication 
of our choices as clear as possible.
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6.4.4 | MDAPS AND INCENTIVE FEES

Major Defense Acquisition Programs are the basis of much of the research 
on defense contracting. That data is subject to its own challenges and 
peculiarities but, generally speaking, offers a bigger picture and higher 
fidelity view than the contract-level perspective. That said, while MDAPs 
account for the largest defense projects, much of defense acquisition is not 
for development or is for smaller projects. The study team was not able 
to include an MDAP multilevel grouping in the dataset due to data quality 
challenges. This may violate the assumption of observation that underlies 
the statistical tests used in this paper, because if one contract for an MDAP 
experiences challenges, delays may cascade to other contracts that are 
dependent upon it. Fortunately, the problem of interrelated contracts is 
mitigated by the inclusion of contracting offices, which capture some of 
the organization lines of responsibility.

Relatedly, one of the largest anomalies found by the study was that incentive 
fee contracts estimated an extremely high risk of ceiling breaches. However, 
the termination models found no significant results for incentive fees, 
which suggests that this may be a peculiarity in the ceiling breach metric 
or a challenge encountered when incentive fee contracts are used outside 
the MDAP context, where their benefits are better established.

6.4.5 | MISSING DATA AND LIMITATIONS OF THE ECONOMIC CENSUS

18.9 percent of contracts had to be excluded due to missing data, though 
this only excludes 11.1 percent of obligations. Some of these problems 
can be traced to FPDS reporting and also the recent switchover to a 
new USASpending.gov reporting system as well as some degradation in 
reporting in the final years of the old system. The single largest source 
of missing data was the column that identifies undefinitized contract 
actions, which fell between the cracks when the column was renamed 
from letter contracts. 

On the specification of economic variables side, the biggest limitation is that 
many of the statistics used in this study, such as revenue, are only reported 
every five years. This means that the ratio variable used in this study has a 
lag of between 1 and 6 years, depending on how far the contract start year 
is form 2007 and 2012. In addition, the economic census does not include 
the NAICS public administration sector, nor does it include an esoteric mix 
of non-government organization categories. Contracts in these categories 
have been excluded from the contract data calculations as well, including 
the calculation of subsector defense obligations.

D
iscussion
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Finally, the definition of some NAICS categories shifted between 2007 and 
2012. Those subsectors and detailed industries whose codes were changed 
were treated as having missing data, with the one exception of code: 541710 
Research and Development in the Physical, Engineering, and Life Sciences. 
That code had split into two, 541711 and 541712, which gave greater detail 
on biotechnology. There are tens of billions of dollars in these sectors, and 
to avoid losing them, the study team manually combined these codes, thus 
treating NAICS industry 54171 as if were a detailed industry.

6.4.6 | RESIDUALS FOR HIGH FITTED VALUES

The study team plotted binned residuals for the logit models to examine 
the discrepancy between estimated values and actual outcome, shown in 
Appendix A. This approach sorts all of the data based on the fitted value, 
and then groups the data into some number of bins—50 for the purposes 
of this example. Each bin then calculates the average fitted value as well as 
the average outcome variable. Because the outcome variables for the logit 
models are binaries, their average value is equivalent to the percent of data 
in that bin in which the outcome, a ceiling breach or termination, occurs. 
These bins were then graphed using a scatter plot with the fitted average 
values on the x-axis and the actual average on the y-axis. Across multiple 
models, there tended to be a single bin with the highest fitted values, 
typically in the 0.1 to 0.2 range. In the final model, this bin also reliably 
has a large negative residual, which is to say that the estimated value does 
identify some of the highest risk contracts, but even so, underestimates 
their risk. This suggests that there is some important input, perhaps MDAP 
membership, that this model is missing. 
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CHAPTER 7

Conclusions

Across the world, managing consolidation in the defense sector is a 
substantial challenge for both economic and industrial policy. Countries 
with comparatively smaller or less developed industrial bases often seek 
to promote consolidation, hoping national champion firms will gain the 
economies of scale to compete internationally. Even the United States, 
the global leader in defense spending whose primary market is its own 
military, encouraged consolidation during the post-Cold War drawdown 
in the 1990s, a policy that was announced to the defense industry at what 
is evocatively referred to as “The Last Supper.”
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Conversely, in the United States, Congress and the Executive branch, in statue, 
regulation, and policy, have put substantial emphasis on the importance 
of competition. Likewise, scrutiny is applied to mergers and acquisitions 
in the defense sector, and small business promotion policies seek to avoid 
excessive reliance on a small number of large companies. 

What do the results tell us about concentration?

The study’s results show that concentrated subsectors, all else equal, face 
higher risks of termination. While deep diving efforts—such as the sector-
by-sector tier-by-tier review under the DoD’s Better Buying Power Initiative 
and the current Administration’s industrial base review—are important, big 
picture concentration matters. The interactions in the model also suggest 
that the risk is concentrated in those subsectors that are more defense-
centric as well as detailed industries with sizeable defense obligations 
regardless of the size of their commercial counterparts. 

What do the results tell us about competition?

The strong association between contracts that received more offers and 
a higher estimated rate of termination suggests that while having more 
competing vendors may bring lower base prices, it may also correlate with 
a greater risk of failure. Likewise, single-offer competition is associated 
with a lower rate of ceiling breaches than sole-source awards, but multi-
offer competition does not significantly correlate with a lower rate. This 
does not mean that competition does not save money overall. This study 
does not have the metrics to examine whether competed contracts cost 
less than their sole-source alternative. However, these results do suggest 
that competition strategies should anticipate aggressive bidding. When 
determining approaches, contracting officers should consider variation in 
risk tolerance and inherent risk from office to office and sector to sector. 
In addition, single offer competition may offer more value than the study 
team expected. Further study is also warranted as to how approaches to 
competition and set asides can mitigate or aggravate these risks.

How do the results vary by sector and between different parts of the DoD?

While this study was not primarily focused on the challenges and benefits 
of commercial acquisition for the DoD, a variety of findings from the model 
have implications for those studying these issues. At the subsector level 
the greater available of a commercial market but weakly correlated with a 
increased presence of competition and more offers received. At the detailed 
industry level, larger defense markets are strongly associated with more 
competition and higher numbers of offers, suggesting that DoD’s available 
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vendor pool often depends on familiarity with a niche market that matters 
rather than the theoretical availability of a larger market in that detailed 
industry. Returning to subsector level associations, proportionally larger 
commercial markets do not correlate with lower rates of ceiling breaches 
but are associated with a lower termination rate in concentrated markets. 
This suggests that industrial concentration is most challenging for DoD 
when there is no larger commercial market available to serve as a pressure 
release valve.

Surprirsing the study team, vendor bases appear to be strongly segmented 
down to the contracting office level. The study allowed for each detailed 
industry and contracting office to have its own intercept, and this revealed 
that, for estimating purposes, who is doing the buying trumps the structure 
of the industry of the product or service being acquired. No small part of this 
is likely attributable to unobserved differences in contracting approaches and 
mission, but nonetheless, this finding suggests that market segmentation 
and barriers to entry are not just a matter of commercial suppliers versus 
defense suppliers but can also draw dividing lines between contracting offices.

On that same note, the significant explanatory power of contract vehicles 
(and their varying situational relevance) suggests that the choice of vehicles 
should perhaps be given additional attention as a factor that influences 
contract outcomes. As ever, these findings reinforce the judgment and 
human capital needed for successful acquisition policy and highlight the 
absence of one-size fits all solutions—even for foundational strategies 
such as competition.

How can practitioners and researchers build on these results?

As the discussion and conclusion of this paper indicate, even for competition 
(a touchstone and watchword of federal acquisition practice), context 
and tradeoffs matter. Contracting officer judgment matters and could 
be supplemented by better awareness of how their area of responsible 
compares to other parts of the DoD. This study’s dataset reflects the best 
judgment choices of contracting officers, rather than random application 
of contract and competition strategies, and does not offer easy defense-
wide answers. However, contracting officers could benefit from knowing 
what the estimated ceiling breach and termination rates are for their 
organization and relevant market segment. In low-risk and risk-tolerant 
sectors, pursuing competition more aggressively may bring savings with 
a manageable downside. In higher risk sectors, better cost estimating 
and investigating of vendor qualifications may reduce the chances of 
later terminations.
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On the government acquisition research side, the study teams finds 
current understanding of competition in defense acquisition, and more 
generally under monopsony, is undertheorized and we offer our contract 
and task order dataset and economic sector datasets to those seeking both 
broad overviews and deep dives. Many of the issues of concern to defense 
acquisition officials are also on the minds of many of those studying the 
economy writ large (with its superstar firms that are sizeable enough to 
develop their own industrial bases).56 In particular, this study would be 
well complemented by deep dives into individual sectors that do not face 
some of the same limitations of DoD-wide research.57 

56.  Neil Irwin, “The Upshot: Are Superstar Firms and Amazon Effects Reshaping the Economy?,” 
New York Times, August 25, 2018, https://www.nytimes.com/2018/08/25/upshot/big-corpora-
tions-influence-economy-central-bank.html.
57.  We encourage any researchers and officials interested in the underlying data to reach out to 
Gregory Sanders at GSanders@csis.org or to access our repository directly at https://github.com/
CSISdefense/Vendor.

mailto:GSanders@csis.org
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Appendix A | Model Diagnostics

Figure 5: Fitted and Residual Plots for Ceiling Breaches
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Figure 6: Fitted and Residual Plots for Terminations
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Appendix C | Variable Summary

Table C1: Dependent Variables
Name Type Description
Dependent Variables
l_Offr Continuous Number of offers each contract received, logged

b_Term Binary Whether contracts experienced a partial or complete termination

b_CBre Binary
Whether the contract has experienced a change order that increased 
its cost ceiling

Table C2: Independent Level 2 and Level 3 Variables

Name Level Type Description
NAICS3 3 Categorical Subsector Code with 82 groups within the sample
NAICS6 2 Categorical Detailed Industry Code with 973 groups within the sample 
Agency 3 Categorical Contracting Agency Code with 24 groups within the sample
Office 2 Categorical Contracting Office Code with 1,462 groups within the sample

Table C3: Independent Level 1 Sector-Level Variables
Name Type Description

Study Variables

cl_def3_HHI_lag1 Continuous
A measure of industrial concentration  
(Herfindahl-Hirschman Index) of subsector industries

cl_def6_HHI_lag1 Continuous
A measure of industrial concentration  
(Herfindahl-Hirschman Index) of detailed industries

Subsector- and Detailed  
Industry-Level Controls

cl_def3_ratio_lag1 Continuous
Ratio of total defense obligations to U.S. wide revenues in 
same NAICS subsector industries category

cl_def6_ratio_lag1 Continuous
Ratio of total defense obligations to U.S. wide revenues in 
same NAICS detailed industries category

cl_def6_obl_lag1 Continuous
Annually sums total defense obligations by NAICS  
detailed industries

cl_US6_avg_sal_lag1 Continuous U.S. average salary by NAICS detailed industries
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Table C4: Independent Level 1 Contract-Level Variables
Name Type Description

Study Variables
  CompOff1 Binary Whether contracts received 1 offer

  CompOff2 Binary Whether contracts received 2 offers

  CompOff3-4 Binary Whether contracts received 3 or 4 offers

  CompOffr5plus Binary Whether contracts received 5 or more offers

Contract-Level Controls

b_UCA Binary
Whether contracts begin as letter contract or undefinitized 
contract awards

b_Intl Binary
Whether contracts have any transactions performed  
internationally

Veh Categorical
Contract Vehicle. The omitted baseline is definitive awards and 
purchase orders

     SIDV Binary Is the contract vehicle is a single-award indefinite delivery contract

     MIDV Binary
Is the contract vehicle is a multiple-award indefinite delivery  
contract

     FSS-GWAC Binary
Is the contract vehicle is a Federal Supply Schedule or  
Government-Wide Acquisition Contract

     BPA-BOA Binary
Whether the contract vehicle is a Blank Purchase Agreement or 
Basic Ordering Agreement

PricingFee Categorical
The means of calculating vendor payments. The omitted  
baseline is firm fixed price contracts.

     Other_FP Binary
Fixed-price redetermination, fixed-price award fee, and fixed-price 
economic price adjustment

     Incentive Binary
Including fixed-fee incentive fee, cost plus incentive fee, and cost 
sharing

     Comb-Other Binary
Covers contracts using multiple pricing mechanisms or unusual 
and unclassified types

     Other_CB Binary All types of cost-based contracts, excluding incentive fee

     TM-LH-FPLOE Binary
Time and materials, labor hours, and fixed-price level of effort 
contracts respectively

cl_Ceil Continuous The initial contract cost ceiling, logged and then rescaled

cl_Days Continuous
The initial maximum duration of the contract in days, logged 
and then rescaled

Appendix C: Variable Sum
m
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