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Figure 1: National Defense Strategy RDT&E Priorities Taxonomy, FY15-19
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The last era of great power rivalry for the United States was the Cold War with the Soviet Union. 
During that period, the United States enjoyed a substantial technological advantage. The global R&D 
landscape, however, has changed dramatically since that time. As the United States enters a new era 
of great power competition it can no longer assume it will maintain a technological edge over its 
primary strategic competitor, China. 

In 2015, China introduced Made in China 2025, an ambitious state-led effort to modernize its 
economy and devote national level efforts to developing groundbreaking technologies. Made in 
China 2025 priorities include breakthroughs in key sectors such as next-generation information 
technology, aerospace and high-tech maritime vessel manufacturing as well as a commitment to 
strengthening the industrial base. This broad industrial policy married with robust civil-military fusion 
sets a trajectory to advance the modernization of the People’s Liberation Army (PLA). Moreover, 
through both licit and illicit means such as espionage and coerced technology transfer, the Chinese 
Communist Party (CCP) uses state-directed policy to take advantage of innovations made by U.S. 
business and government for its own industrial advancement. 

In the U.S.-China rivalry, whichever nation more effectively develops and adapts emerging 
technologies for defense purposes may gain a decisive advantage in military competition. The 
National Defense Strategy (NDS) recognizes this and calls for Department of Defense (DoD) to make 
a fundamental shift in its force planning to build a more lethal force. The NDS provides the DoD 
with a list of priority technologies to cultivate and capabilities to develop. It guides DoD to harness 
the National Security Innovation Base (NSIB)—the primary source of U.S. innovation in business, 
academia, and national laboratories—to provide a more coherent, nationwide effort in developing 
these technologies. It also directs DoD to protect the NSIB from malign Chinese influence that 
undermines DoD’s technological advantage.  

DoD will be challenged to make this fundamental shift in force planning and develop a future force 
that is sufficiently modern to deter Chinese aggression and, if necessary, defeat China in war. This 
paper takes a retrospective look to provide a baseline of DoD’s Research, Development, Test & 
Evaluation (RDT&E) modernization investments for fiscal years (FY) 15-19. It examines the extent 
to which DoD RDT&E spending to date has been aligned with the NDS modernization priorities, 
providing insight into the current status of DoD’s force modernization, and the necessary context for 
DoD leadership to align investments with NDS priorities in coming years. 

EXECUTIVE SUMMARY

“We cannot expect success fighting tomorrow’s conflicts with yesterday’s “We cannot expect success fighting tomorrow’s conflicts with yesterday’s 
weapons or equipment.” — National Defense Strategyweapons or equipment.” — National Defense Strategy
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Key FindingsKey Findings
 
DoD must fundamentally shift its RDT&E portfolio to maintain a military advantage over China. DoD must fundamentally shift its RDT&E portfolio to maintain a military advantage over China. 
Since at least 2014, DoD has recognized there is a problem with the future force’s ability to 
deter and, if necessary, defeat China in war. It began shifting RDT&E investments accordingly but 
modestly, as investment in five of eight NDS priorities increased from FY15-19. However, the NDS 
calls for a more fundamental reorientation of DoD’s RDT&E investments. In particular, DoD must 
find a balance between mitigating risk in the medium-term through evolutionary modernization of 
traditional weapons systems and pursuing game-changing advantage in the longer-term through 
big bets on leap ahead technologies.

Spending in traditional weapon systems exceeds that for emerging technologiesSpending in traditional weapon systems exceeds that for emerging technologies. 
Although traditional weapon systems remain important to future warfighting, the NDS identifies 
key emerging technologies essential to the future force’s ability to win the nation’s wars: advanced 
computing, “big data” analytics, artificial intelligence, autonomy, robotics, directed energy, 
hypersonics, and biotechnology. Investments in these technologies grew, but overall investment 
remained small compared to traditional weapons. For example, manned platforms received almost 
four times as much RDT&E funding ($19.5B) as unmanned platforms ($5.4B). 

Investments in certain critical capabilities are inconsistent with NDS priorities.Investments in certain critical capabilities are inconsistent with NDS priorities. 
Resilient & Agile Logistics is essential to projecting power into and sustaining forces within China’s 
range of anti-access/area denial (A2/AD) capabilities, but still had negative annual growth (-14.1%) 
and the fewest total funding levels of any segment ($2.4B) for FY15-19. Air & Missile Defense 
investments focus on defending the United States from limited ICBM attacks rather than shoring 
up DoD’s conventional deterrence by defending theater forces and bases from tactical ballistic and 
cruise missiles, a primary problem identified by the NDS. 

DoD RDT&E funding is concentrated in top ten vendors, potentially limiting innovation. DoD RDT&E funding is concentrated in top ten vendors, potentially limiting innovation. 
The top ten vendors captured over half (59%) total award value of examined contracts within 
NDS RDT&E priorities from FY15-19. Expanding the vendor base will enable DoD to capitalize 
on the nation’s top sources of innovation across the NSIB, such as small businesses conducting 
specialized R&D or those in key tech hubs. DoD is making strides diversifying its vendor base as 
use of nontraditional contracting mechanisms that target more innovative companies grew by 
67% for FY15-19. 

Tighter DoD RDT&E budget will necessitate harder tradeoffs and less margin for error.Tighter DoD RDT&E budget will necessitate harder tradeoffs and less margin for error. 
For FY15-19, DoD’s RDT&E investments grew by 40% and are slated to surpass $100B in FY20. Yet, 
pressure on DoD’s overall budget combined with projected cost growth in other budget accounts 
will likely result in a real decline in RDT&E funding after FY20. DoD is projected to spend nearly the 
same amount in RDT&E in FY33 as it did in FY17. As overall RDT&E funding levels decline in real 
terms, DoD will be forced into harder tradeoffs that challenge sacred cows. As this occurs, needed 
modernization of traditional weapons must not crowd out investment in emerging technology or 
DoD will struggle to maintain a technological advantage in the future.

 1 1Annual growth rates take the average over the FY15-18 period using compound annual growth rate (CAGR). Annual growth rates take the average over the FY15-18 period using compound annual growth rate (CAGR). 
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U.S. No Longer Dominates Global R&D SpendingU.S. No Longer Dominates Global R&D Spending

In 1967, in the midst of the Cold War, the United States accounted for 61% of global investments 
in R&D. The U.S. government alone was responsible for 39% of global R&D investments, a greater 
percentage of the global total than either the entire U.S. private sector or the combined public 
and private investments of any other nation. The combined government and non-government 
spending on R&D by the Soviet Union was 19% of the global total, the same share as DoD's alone. 

The technological advantage fostered by R&D investments enabled DoD to develop more capable 
military forces that helped offset the numerical superiority of Soviet Union forces in Central Europe, 
maintaining a stable balance of power during the second half of the Cold War. As of 2017, the 
United States’ share of global R&D spending was 30%, half of what it was in 1967. Similarly, R&D 
investments by the U.S. government fell by two-thirds to under 7%, and those of the DoD fell to 
4%, challenging DoD to maintain its technological advantage. 

Meanwhile, China’s share of global R&D investment has increased dramatically. Over a twenty year 
period from 1997 to 2017, it’s share grew by 900% from 3% to 27%, surpassing all other countries 
except the United States. As China’s R&D investments have grown during this period, it has 
increasingly translated its technological advances into military power, challenging DoD’s ability to 
maintain a favorable regional balance of power in the Indo-Pacific. 

Figure 2: Eras of Global R&D Spending
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China is a Peer Rival to the U.S. in R&D SpendingChina is a Peer Rival to the U.S. in R&D Spending

Over the past twenty years, China has significantly cut the United States’ lead in R&D spending. 
As of 2017, it spent just $40B less per year than the United States. China does face impediments 
to sustaining this growth though, as double-digit yearly GDP growth ends. However, due to the 
focus on R&D spending as a part of Made in China 2025, it likely remains a question of when, not if, 
China will surpass the United States in R&D spending. 

China’s current business R&D investment exceeds the United States by over $30B, an important 
indicator as business dominates total R&D in both countries. In 2017, business spent nearly 
triple that of the government (64% of total R&D) in the United States and four times more than 
government (76% of total R&D) in China. China’s business sector R&D sending has risen to almost 
$350B from just $23B in 2000, a nearly 15-fold increase, while the United States’ grew by less than 
$100B or 34%. Following the recession from 2008 to 2010, the U.S. business sector’s funding of 
R&D decreased nearly 12% before increasing every year thereafter, reaching $308B in 2017, a 32% 
increase from its low in 2009. This was a significant rise but still modest compared to China, which 
more than doubled over the same span. 

Trends in government R&D funding from 2000 through 2017 show the U.S. and China quickly 
converging in R&D spending. Although still outspending China, U.S. government funding declined 
every year following 2009, falling 18% by 2017 in real terms. Over the same period, China doubled 
its government R&D spending from $44B to $88B. In 2017, the U.S. government still spent $20B 
more on R&D funding than the Chinese government, but the current trend suggests China will pass 
the United States in government funding in the near future, just as it has in business.

Figure 3: R&D Spending in China and U.S., 2000 - 2017 (Constant 2010 Dollars)
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U.S. R&D Spending Heavily Concentrated in DevelopmentU.S. R&D Spending Heavily Concentrated in Development

There are three types of R&D spending corresponding with stages along the development cycle—
basic, applied and development. Within the United States, the mix of R&D funding between 
these types of research has shifted considerably since the latter stages of the Cold War. The 
U.S. government still funds a plurality of basic research although its proportion of spending has 
decreased as investment levels have plateaued and other funding sources increased. Since 1980, 
basic R&D funding by higher education grew from $1.3B to over $10B, over 800%. As of 2017, 
higher education and non-profit sources combined invested more in basic research than business. 

Although maintaining basic and applied research is vital, growth in 
U.S. R&D investment from 1960 through 2017 was driven by the 
business sector and concentrated in development. This means U.S. 
R&D spending has shifted toward later stage research and was largely 
funded by business rather than government. The lack of growth 
within government funded basic and applied research could have 
implications for the United States’ ability to pioneer groundbreaking 
technology. This contrasts with the past when the federal government 
was the driver of revolutionary-focused R&D spending which led to 
the development of the internet, GPS, and microelectronics. As funding 
shifts elsewhere, it becomes less likely that the U.S. government will 
spearhead the development of world-changing technologies, making 
partnership with key funders and researchers more important. 

Figure 4: Research Type and Funding Sources, FY60 - 17 (Constant 2012 Dollars)
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RDT&E Share of DoD Budget at Near-Historical HighRDT&E Share of DoD Budget at Near-Historical High

Historically, DoD investment in RDT&E spiked in concert with the overall DoD budget. Since the end 
of WWII, DoD's investment in RDT&E dramatically increased in four cases: the Korean War, Reagan 
buildup, after 9/11, and with the recent return of great power competition. All four cases coincided 
with an increase in DoD's overall budget.

Importantly, investments in RDT&E were protected in relative terms during drawdown periods. 
This occurred after the Korean and Vietnam wars and following the end of the Cold War as RDT&E 
budgets remained flat. The only exception came during the recent sequestration period when both 
overall DoD and RDT&E budgets fell in tandem.

The most analogous post-WWII comparison to the current climate is the 1980’s during the Reagan 
buildup, an era of great power competition that did not include an active “hot” war. From 1980 to 
1986, DoD spending increased by 42% and was outpaced by RDT&E spending which nearly doubled. 
In contrast, today both DoD and RDT&E budgets are projected to decline over the course of the 
FY20-24 Future Years Defense Program. 

Following an initial surge of DoD RDT&E funding at the onset of today’s return to great power 
competition, RDT&E funding levels are projected to decrease. RDT&E as a share of DoD’s total budget 
is near historical highs at 12% and growth in other budget accounts will exert downward pressure on 
RDT&E spending’s share of the budget. As a result, DoD may not be able to protect RDT&E funding 
as it has done during prior periods of budgetary pressure.

Figure 5: DoD and RDT&E Budget, FY48 - 24 (Constant 2020 Dollars)
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DoD RDT&E Budget Projected to DeclineDoD RDT&E Budget Projected to Decline

DoD’s likely difficulty in protecting RDT&E spending as it has in the past is due to expected 
growth in other budget accounts. DoD projects RDT&E spending to decline by 18% from FY20-
24, a trend that may continue in relative terms into the 2030s, even if DoD’s overall budget 
begins to rise again.

Although the Congressional Budget Office (CBO) projects DoD’s overall budget to increase 
after FY24, RDT&E is the only one of DoD’s six budget accounts that CBO projects to decline. 
CBO projects Operations & Maintenance (O&M)—already the most expensive budget 
account—to increase by 10% in real terms, and compensation for military personnel to also 
grow above levels of inflation. Additionally, acquisition of weapons systems will drive increases 
in procurement and, although this is in accordance with DoD’s modernization strategy, it will still 
reallocate funds away from RDT&E. Given this growth in other budget accounts, CBO projects 
a 12% decline in RDT&E annual spending from FY20-33 despite outyear growth in the overall 
DoD budget. Consequently, DoD’s FY33 RDT&E spending is projected to be nearly the same 
level as its pre-NDS budget in FY17, complicating NDS implementation.  

The historical and current trends in DoD and RDT&E spending suggest that the U.S. cannot 
rely on boosting RDT&E spending to out-compete China. The pace of modernization and 
technological advancement must accelerate to compete with China’s, but it must be done with 
stagnant or shrinking resources. This task requires leveraging resources through cooperation 
with domestic partners and global allies and ensuring those resources are spent efficiently and 
with strategic purpose.

Figure 6: DoD Spending by Budget Account, FY00 - 33 (Constant 2020 Dollars)
2019: National Defense Strategy9/11 Attacks
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Taxonomy MethodologyTaxonomy Methodology

Govini used supervised machine learning and natural language processing to taxonomize DoD’s Govini used supervised machine learning and natural language processing to taxonomize DoD’s 
RDT&E investment expenditures from FY15-19 into the NDS modernization priorities. The NDS RDT&E investment expenditures from FY15-19 into the NDS modernization priorities. The NDS 
RDT&E Priorities Taxonomy’s segments (orange boxes) each represent an NDS modernization priority, RDT&E Priorities Taxonomy’s segments (orange boxes) each represent an NDS modernization priority, 
except for Joint Lethality in Contested Environments and Forward Force Maneuver and Posture except for Joint Lethality in Contested Environments and Forward Force Maneuver and Posture 
Resilience, which were combined into a single segment: Joint Lethality and Resilience in Contested Resilience, which were combined into a single segment: Joint Lethality and Resilience in Contested 
Environments. Govini added an additional segment, “Cross-Cutting,” beyond those representing the Environments. Govini added an additional segment, “Cross-Cutting,” beyond those representing the 
NDS priorities. It captures those investments that benefit multiple modernization priorities but are not NDS priorities. It captures those investments that benefit multiple modernization priorities but are not 
specific enough to fit into one. Govini created multiple subsegments (white boxes) to provide a more specific enough to fit into one. Govini created multiple subsegments (white boxes) to provide a more 
granular classification of spending on each modernization priority.granular classification of spending on each modernization priority.

This analytical process categorizes 75% of all DoD RDT&E contracts data from FY15-19. The This analytical process categorizes 75% of all DoD RDT&E contracts data from FY15-19. The 
remaining 25% consists of either classified contracts or contracts without sufficient information to remaining 25% consists of either classified contracts or contracts without sufficient information to 
categorize with confidence. It should be noted that this analysis takes an expansive view of what categorize with confidence. It should be noted that this analysis takes an expansive view of what 
is considered as relevant to an NDS modernization priority. It does not wade into current debates is considered as relevant to an NDS modernization priority. It does not wade into current debates 
regarding whether certain traditional major weapons systems, like aircraft carriers or manned tactical regarding whether certain traditional major weapons systems, like aircraft carriers or manned tactical 
fighters, will continue to have relevance for high-intensity warfare in the future.fighters, will continue to have relevance for high-intensity warfare in the future.
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NDS RDT&E Priorities TaxonomyNDS RDT&E Priorities Taxonomy

The 2018 NDS marks a seminal reorientation in DoD’s focus away from counterterrorism and 
stability operations toward great power competition and high-intensity warfighting. As part of this 
reorientation, the NDS directs eight modernization priorities to guide the building of a more lethal 
joint force. Govini leveraged these priorities as a framework for taxonomizing DoD’s spending 
on RDT&E investments from FY15-192. The NDS RDT&E Priorities Taxonomy provides a view of 
DoD’s RDT&E modernization spending that has occurred to date. As a retrospective assessment, it 
provides a baseline of RDT&E investments prior to FY20, the first full year of NDS implementation.  

As the taxonomy illustrates, DoD began a general shift toward the modernization priorities even 
before the NDS, with the majority experiencing positive funding growth from FY15 to FY18. But the 
changes in RDT&E expenditures reflected more of a recalibration of traditional spending priorities 
rather than a paradigm shift. Furthermore, some priorities still received meager levels of funding or 
saw negative growth, while spending on others, such as Air & Missile Defense, were out of balance. 

Most significantly, investments in traditional weapons platforms, such as manned aircraft and large 
warships, dominated DoD RDT&E expenditures from FY15-19. Preoccupation with the wars in 
the Middle East resulted in a lost modernization cycle and now many of the U.S. military’s major 
weapons platforms, which date to the Reagan buildup, need upgrades or replacement. These 
platforms will remain an integral element of the joint force’s ability to wage high-intensity war 
and investing in them is both an NDS priority and necessary to maintain U.S. military advantage, 
especially in the medium-term.

At the same time, however, the military application of emerging technology such as artificial 
intelligence, is increasingly central to future warfare and may ultimately yield leap ahead capabilities 
in the longer-term. And although RDT&E investment in these areas has been growing, it remains 
small. It is critical that as RDT&E funding levels decline, an overemphasis on modernizing traditional 
weapons does not crowd out investments in emerging technologies. 

Successfully implementing the NDS will require a more fundamental reorientation of DoD’s RDT&E 
investments than took place between FY15-19. In particular, DoD must find a balance between 
mitigating risk in the medium-term through evolutionary modernization of traditional weapons 
systems and pursuing game-changing advantage in the longer-term through big bets on leap 
ahead technologies. Given China’s increasingly prominent standing in global R&D and the likely 
decline in DoD’s RDT&E funding levels going forward, DoD will only prevail in a competition for 
technological advantage if it invests its limited resources wisely. The NDS modernization priorities 
provide the guide, but DoD needs data-driven analysis of its budgeting and spending to ensure its 
investment decisions are sufficiently informed to deliver a more lethal force.

 2 2Fiscal Year 2019 data is incomplete due to lags in DoD reporting.Fiscal Year 2019 data is incomplete due to lags in DoD reporting.
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DoD Made Modest Shifts Towards Priorities Pre-NDS but Gaps RemainDoD Made Modest Shifts Towards Priorities Pre-NDS but Gaps Remain

As illustrated by Figures 7 and 8, three segments dominated RDT&E expenditures at the segment 
level: Lethality & Resilience in Contested Environments (Lethality & Resilience), Air & Missile 
Defense, and C4ISR. These segments not only accounted for the most spending, but also all saw 
positive growth in investment levels through FY183. They are large and have been getting larger4.

These segments all support traditional warfighting domains (air, land, and sea), major weapons 
platforms like warships and manned aircraft, or the supporting C4ISR architectures. Although much 
smaller in size, segments related to newer warfighting domains like space and cyber or emerging 
technology areas also saw positive growth. The Advanced Autonomous Systems segment is 
particularly important as it includes not only unmanned platforms, but also artificial intelligence and 
high-powered computing technologies that will enable leap ahead levels of autonomy, information 
processing, and rapid decision making across the entire joint forces. As noted above, it is critical 
that investments in these areas do not lose out to spending on more traditional weapons systems 
as RDT&E funding levels begin to decline. 
 
Despite increases in RDT&E funding from FY15-19, several segments saw negative growth: Cross-
Cutting, Nuclear Forces, and Resilient & Agile Logistics. The decline in spending in the Nuclear 
Forces segment reflected volatility in U.S. Navy RDT&E expenditures related to nuclear reactors 
(-47.2% CAGR on the Nuclear Materials, Fuels, and Reactors subsegment from FY15-18) rather 
than modernization of the Nuclear Triad at the core of the Nuclear Forces modernization priority. 
Investments in Nuclear Forces will likely increase going forward as the development of the Ground-
Based Strategic Deterrent and Columbia Class Ballistic Missile Submarine programs ramp up. 

Resilient & Agile Logistics not only experienced negative growth (-14.1% CAGR), but also modest 
total funding levels ($2.4B), the smallest of any segment. Logistics are critical, but often neglected, 
enabling capabilities that allow the U.S. military to project power into and sustain forces within 
combat theaters contested by China’s A2/AD capabilities. While easy to overlook, without more 
resilient and agile logistics, the U.S. military will face significant challenges responding to adversary 
aggression in a timely manner, particularly at the most vulnerable points of the U.S. alliance 
network in the Western Pacific and along NATO’s eastern frontier, and its forces will lack staying 
power once committed to the fight.

3 3 CAGR is calculated through FY18 because FY19 contracts data is still incomplete due to reporting lags.CAGR is calculated through FY18 because FY19 contracts data is still incomplete due to reporting lags.

44 Interestingly, Lethality & Resilience, the highest funded NDS priority making up 23% of total awards over FY15-19, saw a sharp decline  Interestingly, Lethality & Resilience, the highest funded NDS priority making up 23% of total awards over FY15-19, saw a sharp decline 
in the last two years from a peak of nearly $9B in FY16 to just over $7B in each of the following two years. This peak, however, is primarily in the last two years from a peak of nearly $9B in FY16 to just over $7B in each of the following two years. This peak, however, is primarily 
due to one significant F-35 Low-Rate Initial Production (LRIP) contract of $1.5B in FY16. Moreover, FY18 spending was still more than $1B due to one significant F-35 Low-Rate Initial Production (LRIP) contract of $1.5B in FY16. Moreover, FY18 spending was still more than $1B 
greater than FY15.greater than FY15.
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Figure 7: NDS RDT&E Priority Segment Spending, FY 15 - 19

Figure 8: NDS RDT&E Priority Segment Momentum, FY15 - 19

Average CAGR

Average Awarded
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DoD Increased Spending on Emerging Technologies but Traditional Platforms DominatedDoD Increased Spending on Emerging Technologies but Traditional Platforms Dominated

Figures 9 and 10 provide a more granular exploration of RDT&E investments at the subsegment level. 
Analysis of spending at this level tells a similar, but more nuanced story to the segment level. Three 
aspects stand out.

First, as at the segment level, subsegments like Artificial Intelligence and Hypersonics that are related 
to emerging technology areas generally saw positive momentum in funding levels, but the overall 
investment in these areas remained small compared to subsegments related to traditional warfighting 
areas. For example, although Unmanned Platforms subsegment saw a positive 3.3% CAGR over the 
period, spending on manned platforms, as represented by the Upgrades to Legacy Platforms ($10.7B) 
and Next Generation Platforms ($8.8B) subsegments, dwarfed total investment on Unmanned Platforms 
($5.4B). Although manned platforms remain important to future warfighting, unmanned systems are 
becoming more and more critical.

Second, the more granular perspective afforded by the subsegment level reveals several interesting 
trends in investments related to traditional warfighting domains and platforms. For example, the 
Munitions & Long-Range Fires subsegment experienced a positive CAGR of 33.5%, the second highest 
of any subsegment across the modernization priorities, and its total funding levels over the period 
was only $600M less than Upgrades to Legacy Platforms. This rapid growth is promising given the 
NDS emphasis on munitions, as well as the increased importance of long-range precision fires in 
many emerging operational concepts like the U.S. Army’s Multi-Domain Operations or the U.S. Navy’s 
distributed lethality.

Third, spending at the subsegment level highlights that investments in Air & Missile Defense were likely 
out of balance. China is increasingly able to contest U.S. and allied forces’ ability to operate in the 
Western Pacific and Europe through A2/AD capabilities. At the heart of these A2/AD capabilities are 
long-range precision fires, including both ballistic and cruise missiles, that threaten friendly forces and 
bases in these theaters.

The Ballistic Missile Defense subsegment comprised the majority of spending on Air & Missile Defense. 
It was the largest subsegment ($17.7B) and one of the fastest growing (27.2% CAGR). Much of this 
spending, however, went towards kinetic-kill based capabilities intended to defend the U.S. homeland 
from limited ICBM attacks rather than capabilities designed to defend theater forces and bases 
from massed salvo attacks from tactical ballistic missiles. For example, the most significant element 
of spending in the subsegment was related to a $7.5B contract from 2011 for the Ground-Based 
Midcourse Defense program, which accounted for $5B in spending from FY15-19. DoD signed a follow 
on contract for this program worth $10B extending through 2023, so this investment can be expected 
to continue to grow in coming years. Conversely, the Air & Cruise Missile Defense subsegment saw 
both meager funding levels of just $700m and a precipitous decline in funding (-32.1% CAGR) over the 
period5. But the threat from massed cruise missiles salvo attacks also presents a significant challenge for 
friendly forces and bases operating within combat theaters.

55 The taxonomy categorizes spending related to the Patriot Advanced Capability 3 or PAC-3 program within the Ballistic Missile Defense  The taxonomy categorizes spending related to the Patriot Advanced Capability 3 or PAC-3 program within the Ballistic Missile Defense 
subsegment although the system does have some capability against air breathing threats. subsegment although the system does have some capability against air breathing threats. 
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Figure 9: NDS RDT&E Priority Subsegment Spending, FY15 - 19

Figure 10: NDS RDT&E Priority Subsegment Momentum, FY15 - 19

Average CAGR

Average Awarded
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Military Departments’ RDT&E Investments Vary Widely Military Departments’ RDT&E Investments Vary Widely 

DoD’s investment in RDT&E over FY15 - FY19 varies considerably by DoD component. This is likely 
due to differences in their specific missions, as well as their location in modernization cycles. For 
example, the Air Force and Navy have generally spent twice as much on RDT&E per year than the 
Army. U.S. air and naval forces, however, are built around larger and more expensive weapons 
platforms than Army forces. Moreover, the Air Force and Navy have been investing heavily in 
the development of several major systems, such as the B-21 Bomber and the Ford Class Aircraft 
Carrier, while Army modernization efforts are more nascent.  However, this trend has started to 
change with the Army’s growing focus on modernization. Army RDT&E spending jumped by more 
$1.5B in FY18. It is possible that Army RDT&E spending will increase even more significantly as the 
development of major programs like the Next Generation Combat Vehicle and Future Vertical Lift 
ramp up.

Investments in Lethality & Resilience and C4ISR were prominent across all three military 
departments6. The Air Force led in the emerging domains of Space & Cyber up from FY15 ($1.8B) 
to FY18 ($3.1B), constituting 25% of all Air Force RDT&E spending. This growth is driven by a $1B 
increase in space systems and near doubling of Cyber over the time period but started from a 
much lower base (FY15 $200M to FY18 $379M). Furthermore, although spending on Air & Missile 
Defense by the Missile Defense Agency drove Defense-Wide spending, agencies such as DARPA 
led investments in more innovative technology areas, such as Advanced Autonomous Systems.

Figure 11: NDS RDT&E Priority Spending by DoD Component, FY15 - 19

66 Although as noted above, Navy spending on Lethality & Resilience saw significant volatility related to LRIP contracts for the F-35. Although as noted above, Navy spending on Lethality & Resilience saw significant volatility related to LRIP contracts for the F-35.
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DoD’s RDT&E Awards Concentrated in Top 10 VendorsDoD’s RDT&E Awards Concentrated in Top 10 Vendors

DoD’s RDT&E investments for NDS priorities are highly concentrated (59%) among the top 
ten vendors. At least 39% of investment in each priority is captured by the top ten vendors 
and in several segments, such as Air & Missile Defense and Lethality & Resilience, the level 
of concentration is much higher. This raises the question about whether DoD, either directly 
or through the large system integrators, is appropriately tapping into the most innovative 
technologies developed across a wider segment of the NSIB. 

As noted above, if DoD is to invest successfully in emerging technology areas it will likely need 
to rely on a broader set of partners in the NSIB that extends beyond its traditional vendors. 
Encouragingly, spending on the Advanced Autonomous Systems segment draws for a relatively 
diverse set of vendors, with only 41% going to the top ten vendors over FY15-19. This segment 
includes emerging technologies such as Artificial Intelligence and High Powered Computing for 
which vendors outside of the top ten captured at least 70% of the awarded amount. This contrasts 
directly with more traditional subsegments such as Ballistic Missile Defense and Upgrades to Legacy 
Systems which saw 90% and 70% go to top ten vendors, respectively. 

These trends demonstrate that not only does DoD have to properly balance spending on 
emerging and traditional technologies but it also has to develop new key vendor relationships in 
emerging fields. Long-standing DoD partners such as the vendors in the top ten may not have 
the same competitive advantage in fields such as AI and quantum computing. Furthermore, the 
organizations leading those fields may not have the same presence in the National Capital Region, 
making it more difficult to establish those ties. 

Figure 12: Top DoD Vendors by NDS Priority, FY15 - 19
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DoD Increasingly Using Non-Traditional Contracting MechanismDoD Increasingly Using Non-Traditional Contracting Mechanism

DoD’s use of nontraditional contracting mechanisms for RDT&E awards is increasing in recent 
years. Two prominent methods, the Small Business Innovation Research (SBIR) program and Other 
Transaction Authority (OTA), expand DoD’s access to small businesses or nontraditional vendors 
that would otherwise have difficulty navigating DoD’s cumbersome acquisition process. Use of 
these contracting vehicles is especially important given that many of the technologies critical to 
maintaining DoD’s military advantage are emerging through small business or nontraditional 
defense contractors at the forefront of technology development. 

DoD’s use of SBIR is especially notable in emerging technologies, such as C4I, Artificial Intelligence, 
and Cyber. Artificial Intelligence was the 13th highest funded subsegment in DoD overall, receiving 
less than 3% of total awards. In SBIR, however, AI was the 5th subsegment, receiving over 6%. A 
similar trend occurs in Cyber which rises from 14th in DoD overall to 3rd in SBIR. For Hypersonics, 
a key emerging technology, the share of funding doubles with OTAs as opposed to traditional 
contracts, including nearly 6% of OTA spending in FY17 and FY18 after zero in FY15. 

Critically, DoD’s use of nontraditional contracting mechanisms helps it expand the DoD vendor 
base. SBIR contracts, for example, are much more diffuse than traditional contracts with nearly 90% 
of the Advanced Autonomous Systems awards to vendors outside the top ten. 

Figure 13: NDS RDT&E Priority Spending by Contract Type, FY15 - 19
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DoD RDT&E Spending on Artificial Intelligence not Focused on U.S. Tech HubsDoD RDT&E Spending on Artificial Intelligence not Focused on U.S. Tech Hubs

DoD’s effort to reach out to nontraditional vendors at the forefront of technological development still 
has room for improvement. The enabling relationships that must be built to excel in many emerging 
technologies may not be developed like those of the past. The distribution of Artificial intelligence 
vendors illustrates the magnitude of the current disconnect between DoD RDT&E spending and 
innovative companies. 

As Figure 14 shows, the majority (81%) of DoD RDT&E spending on Artificial Intelligence from 
FY15 - FY19 is going to companies that are not in technology hubs, where clusters of business and 
academia are breaking the most new ground in artificial intelligence development. This signals an 
inability of DoD to reach the nation’s most innovative artificial intelligence companies.

Bridging the divide between DoD and the private and academic sectors is essential to the DoD 
Artificial Intelligence Strategy. DoD has formed entities, such as Defense Innovation Unit, the Joint 
Artificial Intelligence Center, Army Futures Command, AFWERX, NavalX, and SOFWERX designed 
for this purpose and those organizations’ success should be a departmental priority. Their ability to 
bridge the gap is integral to DoD’s ability to leverage the best technology available and maintain its 
technological advantage over China.

Figure 14: Artificial Intelligence RDT&E Vendor HQ Locations and Award Amounts, FY15 - 19
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Subsegment Analysis: Advanced Autonomous SystemsSubsegment Analysis: Advanced Autonomous Systems

Investment in Advanced Autonomous Systems increased by 4.7% annually from FY15-FY18 and 
total spending equaled $11.6B over the period. Moreover, each of Advanced Autonomous Systems’ 
subsegments also had positive growth. Investment in Unmanned Platforms, the largest of the three 
subsegments with $5.4B total spending over the period increased by 3.3% annually. Advanced 
Autonomous Systems includes not only Unmanned Platforms but also Artificial Intelligence and 
High Powered Computing that enable greater information processing and speed of decision 
making across the entire joint force. These subsegments, Artificial Intelligence ($4.6B) and Quantum 
& High Powered Computing ($1.6B), grew by 5.5% and 4.1% annually, respectively.

Northrop Grumman was the top vendor in the Advanced Autonomous Systems segment receiving 
over 20% of total awards. Most of this came in the Unmanned Platforms subsegment ($1.9B) in 
which Northrop is especially dominant receiving 35% of awards, nearly triple the second highest 
vendor (Boeing, $732M).

This contrasts with the other two subsegments which were much less concentrated. In Quantum & 
High Powered Computing no vendor exceeds 13% of awards with top recipients, Globalfoundries 
and Northrop, receiving just over 12% each, or $200M. Top Artificial Intelligence vendors include 
common DoD vendors such as Leidos, Northrop, Lockheed and the top recipient, Raytheon, 
which was awarded over $400M from FY15-19. Like Quantum & High Powered Computing this 
subsegment is fairly diffuse with no vendor exceeding 10% of total and 20 receiving at least 1%.

Figure 15: Advanced Autonomous Systems Spending, FY15 - 19

DoD RDT&E Advanced Autonomous System Vendors, FY15 - 19
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Subsegment Analysis: Air & Missile DefenseSubsegment Analysis: Air & Missile Defense

Air & Missile Defense had the second most total funding ($27.5B) and most growth (16.8% CAGR) 
from FY15-19 of any modernization priority. As noted above, the Ballistic Missile Defense subsegment 
dominated spending on Air & Missile Defense. Its total spending level ($17.7B) was nearly five times 
larger than the second largest subsegment, Radars & Fire Control Systems ($3.8B). Spending on the 
Radars & Fire Control Systems subsegment, which includes capabilities like the Aegis Combat System, 
actually decreased over the period (-5.8% CAGR), as did spending on the Air & Cruise Missile Defense 
subsegment (-32.1% CAGR). Investments in the Directed Energy subsegment, an emerging technology 
area with the potential to radically shift the cost curve in the salvo competition between offensive 
missile and missile defenses, was still modest ($1.4B) but saw growth over the period (8.5% CAGR).

The top two Air & Missile Defense vendors, Lockheed Martin and Boeing, both more than doubled 
annual awards in the subsegment from FY15-18, exceeding $4B in FY18. Unsurprisingly, the top four 
vendors in this subsegment were the same as for DoD as a whole and these vendors captured more 
than 75% of all awards over FY15-19 and only once from FY15-18 did any other vendor exceed 3% of 
total annual awards. However, FY19 may diverge from this trend as three additional vendors currently 
exceed 3%, including Jacobs Engineering which has received over $400B in awards in the last two 
years as a new vendor in the segment. 

The most highly concentrated subsegment is Air & Cruise Missiles as Raytheon received over 60% 
of awards from FY15-19. Boeing and Lockheed shared the majority of Ballistic Missile Defense, 
both surpassing 30%. Similarly, in Radars & Fire Control Systems three roughly equal vendors, 
Raytheon, Lockheed Martin and Northrop Grumman, combined to capture over 60% of spending. 
In the Directed Energy subsegment Northrop more than tripled the second vendor but this was less 
concentrated in the top recipient with Northrop under 20% of the total.

Figure 16: Air & Missile Defense Spending, FY15 - 19

DoD RDT&E Air & Missile Defense Vendors, FY15 - 19
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Subsegment Analysis: Lethality & ResilienceSubsegment Analysis: Lethality & Resilience

Lethality & Resilience was the most well funded segment from FY15-19 with $35.7B in total 
investment. Three subsegments dominated spending in the segment: Upgrades to Legacy Combat 
Platforms ($10.7B), Munitions & Long-Range Fires ($10.1B), and Next Generation Platforms ($8.8B). 
All three of these subsegments focus on more traditional weapons systems, but the rapid growth 
in Munitions & Long-Range Fires (33.5% CAGR) underscores DoD’s emphasis on munitions and 
the increasing importance of Long-Range Fires in future operational concepts. Moreover, the 
Hypersonics subsegment, an emerging technology area that could enhance the joint force’s 
ability to strike high-value targets promptly at great ranges, also had high positive growth (26.4% 
CAGR), although total investment levels ($2.9B) were small compared to those in the three largest 
subsegments.

Lockheed Martin was the top vendor in Lethality & Resilience receiving over 30% of total awards 
($11B), triple the second vendor. After peaking at $3.8B in FY16, however, Lockheed’s awards 
decreased in every succeeding year, only recording $1.3B in FY19. In fact, Analytic Services Inc. 
surpassed Lockheed in FY19—receiving nearly $1.8B in each of FY18-19—after having not received 
any awards in this segment prior to FY17. The fall in Lockheed contracts was largely related to 
the F-35 program for which the company was recently awarded $34B, so the downward trend 
is likely to reverse. The emergence of Analytics Services Inc. was mostly within the Munitions & 
Long-Range Fires subsegment in which the company received 35% of total awards from FY15-19, 
including 56% in FY18 and over 70% in FY19. In the same subsegment, Lockheed’s share fell from 
36% in FY16 to less than 6% in FY19. 

In a smaller but more emerging subsegment, Hypersonics, Lockheed has emerged as the top 
vendor receiving 35% of awards in FY15-19. Spending in Hypersonics increased from $310M in 
FY15 to well over $1B in FY19, with Lockheed receiving 55% in FY19. 

Figure 17: RDT&E Lethality & Resilience Spending, FY15 - 19

DoD RDT&E Lethality & Resilience Vendors, FY15 - 19
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ConclusionConclusion

Although the competition to develop and, more significantly, adapt emerging technology to the 
military realm may not be decisive by itself—strategy, force employment, and human capital will 
always matter—it will be one of the most critical factors in determining which nation will retain the 
upper hand in this new era of great power competition Chinese spending on R&D has exploded 
over the last two decades and could match, if not surpass, the United States’ overall R&D spending 
within a few years. As China has increased in wealth and power, it has increasingly converted its 
technological advances into military power that challenges the United States’ ability to deter and, if 
necessary, defeat Chinese aggression in the Indo-Pacific.

Trends in DoD RDT&E spending in recent years show modest progress in aligning with the NDS 
modernization priorities, setting the foundation for a more aggressive shift in coming years. As the 
NDS suggests, this shift is necessary as evolutionary change alone will not be sufficient to meet the 
challenges of renewed great power competition. 

DoD’s task is challenging. Force structure takes years, if not decades, to shift. Modernizing the 
force entails striking the right balance between modernizing its traditional combat systems and 
embracing new technologies that may yield leap ahead capabilities. It also entails partnering with 
a broader swath of the NSIB to develop the necessary emerging technologies that will shape the 
future of warfare. Finally, it requires DoD to regularly prototype, experiment, and analyze new 
capabilities, and their corresponding operational concepts, to monitor its progress relative to a 
modernizing PLA. 

There are a myriad of decisions that DoD must make at all levels of the enterprise to modernize 
the force in accordance with the NDS. Furthermore, once goals are set, DoD stakeholders need 
to establish proper systems to measure and evaluate progress toward achieving them. Data and 
analytics are critical to DoD’s ability to navigate this space successfully and ensure that decisions are 
appropriately informed. As the NDS RDT&E Priorities Taxonomy shows, resources are available to 
analyze the current standing of DoD within this framework at the required level of nuanced detail. 
These resources will become even more valuable in the coming years as DoD’s RDT&E budget 
tightens while the intensity of the military competition with China increases. 
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