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The Joint Strike Fighter / F-35 Program

A Canadian Technology Policy Perspective

Dr. Danny Lam
Dr. Brian Paul Cozzarin®

he Canadian F-35 procurement represents the largest peace-

time acquisition of new aircraft for Canadian forces since the

Korean War. Securing industrial benefits from military procure-
ment is essential for advanced industrialized nations, and it has long
been Canadian industrial policy to do so. For the CF-18 program, “oft-
set” contracts were negotiated, valued at 2.7 billion Canadian dollars
(CAD) or 110 percent of the worth of the initial contract.

*The authors are grateful for insights from Dr. Robbin Laird. An anonymous referee provided excellent feedback on an earlier
draft of the article, and Dr. Marvin Bassett, a research and writing specialist at the Air Force Research Institute, provided very de-
tailed editorial questions that improved the accuracy and intent of the article. Any errors remain our own.

Disclaimer: The views and opinions expressed or implied in the Journal are those of the authors and should not be construed as carry-
ing the official sanction of the Department of Defense, Air Force, Air Education and Training Command, Air University, or other agencies
or departments of the US government. This article may be reproduced in whole or in part without permission. If it is reproduced, the Air
and Space Power Journal requests a courtesy line.
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According to the US Department of Defense (DOD), Canadian par-
ticipation in the Joint Strike Fighter (JSF) program offered the promise
of leveraging an investment of US $150 million into $8-10 billion of in-
cremental revenues for Canadian industry over the life of the program.
However, procurement of the F-35 was a “no bid” sole-source contract
that precluded any possibility of bargaining both for price and indus-
trial benefits under the offset model.

Issues that resulted in the DOD structuring of the JSF program to
preclude traditional offsets include recognition of the nonmarket na-
ture of defense procurement in the context of acquisition reform and
the changing nature of defense systems. Partners like the United King-
dom, Israel, and Norway adapted to this new “no offset” model in se-
curing industrial benefits. As of 2012, Canada has considerable incre-
mental opportunities to develop similar programs that will enhance
industrial and regional benefits from the JSF program as long as the
offset model is not considered the norm for twenty-first-century pro-
grams. We try to address the issue in terms of how a country that lived
comfortably under the US North Atlantic Treaty Organization (NATO)
umbrella since World War 1T with limited obligations can rebuild a
drastically downsized defense capability after the end of the Cold War.
Canadians have only a limited sense of awareness of the need for mili-
tary capabilities for the Arctic and a very limited understanding of the
importance of military power.

Program History

Canada’s procurement of the JSF (F-35 Lighting II) is a controversial
program in Canada, a country notable for controversial defense pro-
curement programs. The acquisition began with Canada as a partici-
pant in the development. Beginning in 1997, Canada invested US $10
million to participate in the concept demonstration phase, which re-
sulted in the selection of Lockheed Martin as the winner in 2001. This
was followed by an investment of US $100 million plus an additional
US $50 million in federally funded Canadian technology programs.
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Canada signed on to the JSF Production, Sustainment, and Follow-on
Development Memorandum of Understanding (MOU) with an addi-
tional investment of US $551 million to be spent between 2007 and
2051. In 2008 Canada announced its intention to acquire the JSF to re-
place the CF-18, with the government of Canada exercising its option
under the MOU and committing roughly CAD 9 billion to acquire a
fleet of 65 aircraft, weapons, support, spares, and operating costs in ac-
cordance with the Canada First Defense Strategy.

As of this writing, several embarrassing controversies have occurred,
including an auditor general’s 2012 Spring Report that raised concerns
about the no-bid/sole-source contract and many other issues, such as
escalating costs. In light of these findings, the government of Stephen
Harper established a Seven Point Plan that included creation of the Na-
tional Fighter Procurement Secretariat, tasked with “ensur[ing] that the
Royal Canadian Air Force acquires the fighter aircraft it needs to com-
plete the missions asked of it by the Government, and that Parliament
and the Canadian public have confidence in the open and transparent
acquisition process that will be used to replace the CF-18 fleet.”! As a
part of this process, the secretariat issued new “terms of reference” in
December 2012 for the evaluation of alternative aircraft to the F-35 and
commissioned independent reviews of costs for the program.? Behind
these concerns are the apparent lack of industrial benefits from what
amounts to one of the largest Canadian defense procurements in de-
cades as well as the decision makers’ and general public’s lack of un-
derstanding and perceived need for the increase in defense capability
offered by the JSF. Significantly, there is little understanding of how
peer nations like Norway, Israel, Singapore, and so forth, have been
able to “plug in” to the JSF program to extract industrial benefits.?

The JSF program originated in the merger of two major programs:
the Common Affordable Lightweight Fighter and the Joint Advanced
Strike Technology, which emerged in 1993 to develop a replacement
for the F-16, F/A-18, Harrier, and other programs. The ideas involved
creating a common platform formerly served by three distinct plat-
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forms: the F-16 as a multirole light fighter; the F-18 carrier-based, mul-
tirole fighter; and the Harrier as a short takeoff and vertical landing
(STOVL) craft.* Other aircraft programs were consolidated into the JSF
program around 1994.°> The rationale for this consolidation of many
aircraft types from the Navy and Air Force into one was the combining
of the US defense industry after the end of the Cold War. The latter ac-
tion resulted in the merger of many defense firms, virtually eliminat-
ing competitive forces from a market inherently not driven by market
forces.® Three firms entered the competition for the JSF: Lockheed
Martin, Boeing, and McDonnell Douglas. The latter’s early elimination
and the disbanding of its design team left the former two companies to
field concept demonstration aircraft.” In 2001 came the decision to se-
lect the Lockheed Martin entry and proceed to the system develop-
ment and demonstration phase with Lockheed Martin, Northrop
Grumman, and BAE.®

The idea called for building a common airframe with shared combat
systems that would be customized to fulfill many roles for the purpose
of gaining economies of scale and logistical simplicity with inter-
changeable and common stockpiles of parts (70-90 percent) among all
participants of the program.? Allied nations were invited to formally
participate in the program beginning in 2001, when the United King-
dom signed an MOU that built on that country’s support of the concept
phase nearly a decade earlier.’” Other nations participated as follows:
Canada joined the JSF program on 7 February 2002, committing $150
million to become a level III partner. The United Kingdom is the only
level 1 partner. The Netherlands and Ttaly are level II partners. Other
level III partners include Australia, Norway, Turkey, and Denmark
(fig. 1). Levels are primarily based on financial contributions, with be-
tween $750 million to $1 billion expected for a level I partner. How-
ever, Israel and Singapore, both with limited populations and relatively
small defense budgets, became security cooperative partners with con-
siderably smaller contributions in cash but significant contributions in
expertise, technologies, and unique know-how. The original total US
JSF program budget amounted to about US $200 billion for 3,000 air-
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craft.” Increases, though, have caused project costs to balloon, some
projections reaching over US $1 trillion.'?

Canada: Level Ill,
$150M, 7 Feb 02
- Denmark: Level lll (with Norway),
| $125M, 28 May 02
Netherlands: Level Il
$800M, 10 Jun 02
Norway: Level lll (with Denmark),
il $125M, 20 Jun 02
Italy: Level II,
$1.028B, 24 Jun 02
Turkey: Level Ill,
S $175M, 11 Jul 02

~—argm Australia: Level Ill,
i< . -
LR $150M, 31 Oct 02

UK: Level I,
EalinS $2.056B, 17 Jan 01

International
Partnerships

2001 2002 2003 *
1995 2015
Program Schedule |
and Major Milestones I [ I I I
1996-2001:CDP | 2001 -2012: SDD (incl. 465 LRIP A/C) | 2012 -2030: FRIP (2,128 A/C) |
A A A A
15 Nov 96: Milestone |, 26 Oct 01: Mar 03: PDR Jun/Jul 11: | | Apr2010:10C USMC
Acquisition Decision SDD Award Apr 04: CDRI Multiyear Apr 2011: 10C USAF
Memorandum Signed Sep 04: CDR Il decision Apr 2012: 10C USN
June 05: CDRIII
A/C - aircraft 10C - initial operational capability
CDP - concept development phase  LRIP - low rate initial production
CDR - critical design review PDR - preliminary design review
FRIP - full rate in production SDD - system design and development

Figure 1. JSF timeline. (From Office of the Deputy Under Secretary of Defense [Indus-
trial Policy], JSF International Industrial Participation: A Study of Country Approaches
and Financial Impacts on Foreign Suppliers [Washington, DC: Office of the Deputy Un-
der Secretary of Defense (Industrial Policy), June 2003], 3, http://www.ledevoir.com
/documents/pdf/etude_internationale_defense_americaine.pdf.)
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Controversy

Defense capital programs in Canada traditionally have been contro-
versial for many reasons.® Historically, Canadian forces have found
themselves underfunded relative to NATO expectations of 2 percent of
gross domestic product (GDP). After the Cold War, defense spending
was slashed in 1990 from just below 2 percent of GDP to 1 percent be-
tween 1998 and 2009 (fig. 2)."* Canada made a major commitment af-
ter 9/11 that deployed its forces to Afghanistan under NATO that
would have stressed the defense budget had expenditures remained at
1 percent of GDP. Consequently, by the end of the first decade of the
twenty-first century, Canadian forces were severely underfunded. Esti-
mates show that the Afghanistan conflict cost CAD 18 billion—a figure
that may understate the cost to replace worn-out equipment from that
conflict.” By 2008 politicians recognized the underfunding of Cana-
dian forces and gradually increased the budget to its present level of
about 1.5 percent of GDP.
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Figure 2. Canada’s military spending. (From SIPRI Yearbook, 2013, Stockholm Inter-
national Peace Research Institute, accessed 7 February 2014, http://www.sipri.org
/research/armaments/milex/milex_database.)
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The post-2008 fiscal climate worsened considerably with the federal
budget in deficit from the stimulus program, and provinces like On-
tario faced severe fiscal constraints. Because of the pressure, a pro-
gram deemed essential —the replacement of military trucks—was re-
cently cancelled days before the deadline for bidders.'® Furthermore,
the multibillion-dollar purchase of 28 CH-148 Cyclone helicopters is in
jeopardy due to cost overruns and delays.!”

Other countries such as the Netherlands are facing fiscal constraints.
A general dissatisfaction with delays and cost increases that could
scrap the program also exists.'® Japan has decided to buy 42 F-35s
while South Korea just vetoed what was thought to be a solid decision
to buy F-15 Silent Eagles from Boeing. The South Korean government
has concluded that a fifth-generation fighter is necessary to counter
North Korea’s arsenal, and it appears that the F-35 is the only con-
tender for the $7.2 billion contract.'®

Canada’s budget issue, like that of most other countries, is exacer-
bated by the politicization of defense procurement which, for example,
resulted in the Liberal Party under Jean Chrétien threatening cancella-
tion of the EH-101 “Cadillac” helicopter during the 1993 federal elec-
tion campaign. The EH-101 was chosen as a successor to the then-30-
year-old Sea King helicopter. Upon taking office, Prime Minister
Chrétien cancelled the contract and paid the penalty of CAD 500 mil-
lion for doing so to Augusta Westland.?’ Department of National De-
tense (DND) officials objected strenuously but without effect.” With
this recent historical precedent and deep cuts in defense spending un-
der Chrétien, the DND was precluded from becoming a major partner
in the JSF program.?* The DND, though, managed to contribute CAD
10 million in 1997 to become an informed partner.”® This initial contri-
bution was followed by the Chrétien Cabinet’s approval of an MOU on
7 February 2002 that committed Canada to a total of US $150 million,
two-thirds from the DND and one-third from Industry Canada.* This
decision set Canada down the path toward a no-bid contract for pur-
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chasing the JSF. An actual signed contract for the JSF did not emerge
until 2010. However, at this time Canada is indeed a level 111 partner.?

Leveraging Industry Benefits

National defense and defense procurement are a core function of a
modern state. Decision makers involved in this process commonly at-
tempt to leverage these programs for benefits.?® This policy is executed
in Canada via Industry Canada’s Industry and Regional Benefits Pol-
icy.?” Traditionally, Canada utilized a benefits model based on the max-
imum use of domestic Canadian contractors for capital projects like
vessels and so forth, which served both to stimulate industrial develop-
ment and ensure that Canada was not held hostage to foreign suppliers
for essential maintenance and repair over the life of the equipment.
Yet, given the fact that the life-cycle maintenance of the CF-18 has al-
ready been very dependent on the United States, we can expect such
dependence to increase with the JSF.

Moreover, modern military equipment is so complex that it is nei-
ther practical nor possible for Canadian industry to build many of the
systems indigenously. This fact was reinforced by the historical prec-
edent of the Avro Canada CF-105 Arrow project, cancelled on 20 Feb-
ruary 1959. Since that time, Canada has had to rely on foreign suppli-
ers for frontline fighter aircraft. The last major purchase took place in
1980 after pitting the F-16, F-18A/B, and F-14 against each other in the
New Fighter Aircraft Competition—one that saw the F-16 eliminated
due to a lack of engine redundancy as well as limited range and the
F-14 eliminated because of cost. However, a combination of reasons,
including technological change and policy changes under acquisition
reform at the DOD in the 1990s, resulted in the United States not offer-
ing the offset or “coproduction” model for the JSF program. In lieu of
traditional offsets, participants in the JSF program were offered the
chance to competitively bid for contracts for the entire program. The
following section discusses the benefits models.
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Coproduction / License Production Model

The decision by the government of John Diefenbaker to exit from in-
digenously producing first-line fighter aircraft in 1959 was a watershed
event in Canadian aviation history. From that day onwards, Canada
had limited options for meeting the needs for fighter aircraft—namely,
straight purchase, a model most often used by smaller or less devel-
oped nations; coproduction, used by many advanced industrialized na-
tions like Japan and the United Kingdom; membership as a partner in
a consortium such as the European Aeronautic Defence and Space
Company; or a deal with a quasi-independent producer like Saab. As a
NATO member, Canada does not have the option to purchase from
sources outside alliance suppliers, such as Russian manufacturer Suk-
hoi, or to acquire equipment like the Chengdu J-20 from China, re-
gardless of the “deal” offered.” Only one non-NATO option credibly ex-
ists, and that is a deal with Sweden that would have coproduced or
jointly developed a new variant of the Saab JAS 39 Gripen.? The ques-
tion is, how is Saab, with its comparatively low volumes and defense
budget, able to keep the Gripen fighter viable in view of the historical
rise in technological complexity and costs? It does so by in effect build-
ing a “kit plane” that heavily relies on components, systems, and sub-
systems manufactured by other nations.

The option to coproduce under license aircraft whose architecture
was designed by another nation is “on the table” for all but the leading-
edge aircraft (e.g., the F-35). For the right price, Canada could have
asked for such an arrangement though it is generally acknowledged
that coproduction of very small volumes of aircraft for a Canadian
order would have added considerably to the cost without any obvi-
ous offsetting benefits over the long term. During the awarding of
the CF-18 contract, coproduction was in fact offered and declined
for these reasons.?*
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Offset Contracts

Offset contracts are the primary means of securing industrial benefits.
In essence, rather than Canada choosing a colicense to produce small
numbers that will have no economies of scale, the idea is that Cana-
dian contractors will be guaranteed a share of the work as subcontrac-
tors for the aircraft. When Canada turns to foreign suppliers for major
military systems, it is routine for offset deals to be negotiated by In-
dustry Canada as a normal part of any defense competition. The Mari-
time Helicopter Program reputedly obtained CAD 2 billon in offsets for
a contract valued at CAD 1.8 billion.* For the CF-18 program, the offset
contract proposal in fact exceeded the value of the deal by 10 percent,
providing CAD 2.7 billion over 15 years—110 percent of the value of
the contract that McDonnell Douglas received. Prime and major sub-
contractors like McDonnell Douglas, General Electric, and Hughes
fanned out in Canada to identify qualified suppliers and provide them
with contracts. The contracts stimulated development and enhanced
Canadian industry although one should note that some of these deals
would have happened without the offset contracts.*” The offset model
is widely used on many programs.*

How does a defense contractor address demands for offsets that are
larger than the value of the deal? Most defense contracts are deals
made for capital equipment that have a long lifetime, and during the
life of the equipment, a steady stream of maintenance, support, up-
grades, or replacements is required. The offset amount initially de-
manded may appear large, but the follow-on contracts are even larger
when the customer is in a weak bargaining (or no-bargaining) position.
Typically, the initial contract to purchase and support a major system
represents $1 against $5 to $10 of future noncompetitive or limited
competition deals for items such as maintenance, support, upgrades,
and so forth. (A one-to-five-and-beyond ratio might be possible if infla-
tion is taken into account and issues such as fuel consumption are
considered. However, such broad figures should be critically examined
or put into context.)
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Thus, manufacturers have an incentive to do whatever is necessary
to win the deal and lock in a long-term customer in a monopolistic
seller relationship for the future. Negotiating for a favorable offset deal
from the perspective of the buying government is not necessarily an
assurance that the entire package (over a program life that can span a
half century or more) is a good deal, but it does offer the appearance of
officials driving a hard bargain—an essential component to promotions
in a merit-based bureaucracy of a modern nation in the Organization
for Economic Cooperation and Development. When purchased sys-
tems either far exceed career lifetimes or key officials’ duration at one
post or politicians making decisions, it is not at all clear that such a
system will deliver a good outcome for the nation on a life-cycle total-
cost-of-ownership basis.** Despite these known shortcomings, the in-
dustrial offset model is tried, proven, and known to be viable as well as
supported by bureaucratic momentum and routines in many nations.
The question becomes why it was not offered as an option on the JSF
program by the US government when the program was conceived in
the 1990s.

The Current Situation

Normally, American defense firms do not offer others the opportunity
to participate early in a defense program, when most of the major deci-
sions with respect to prime contractors and major performance param-
eters are made. Prior to the JSF, this collaborative approach was used
primarily by Europeans who developed the Panavia Tornado, Euro-
fighter, Eurocopter Tiger, A400M, and so forth, with this model. By en-
gaging allies and potential customers early in the design process and of-
fering a ‘buy in,” the model enabled partners to divide shares of the
work from the program equitably. The American model differed in that
the United States was, by far, the lead partner, expected to purchase
more than 50 percent of the total units sold for the Air Force, Navy, and
Marine Corps versions. Partners were not committed to purchase the
aircraft; rather, they had to contribute development money, and then
firms from partner countries could bid competitively on contracts.
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However, in Canada’s case, the DND could withdraw from the MOU
if industrial benefits proved insufficient.*® At that time, the F-35 was
expected to have a “flyaway” cost of US $37-47 million per unit (in ret-
rospect, overly optimistic).*® This figure compared favorably with that
for the F/A-18E/F, which at initial operational capability in 2000, cost
about US $55 million a copy.*” What did the politicians expect as ben-
efits in 2001 upon agreeing to the MOU? Art Eggleton, Canada’s minis-
ter of national defense, stated on 6 December 2001 that the JSF pro-
gram “could result in some $350 to $450 million in contracts for
Canadian companies and generate 3,500 to 5,000 person-years of em-
ployment. Over the life of the project, it is estimated that Canadian
companies could potentially obtain between $8 to $10 billion worth of
contracts resulting in 50,000 to 65,000 person-years of employment.”?®

That would appear to be a very good return for a commitment of ap-
proximately $150 million in research and development funds, a $10
million “informed partner” fee, and unspecified amounts of use of Ca-
nadian facilities and limited staff support during the developmental
process. This view was echoed by the DOD, which independently con-
ducted a study for major participant countries published in June 2003,
concluding that

JSF Canada estimates a potential for $4.4 billion to 6.3 billion of revenues
for Canadian industry over the life of the JSF program; our estimate is
$3.9 billion. . . . The sheer magnitude of the revenues combined with a
relatively low level of SDD [system design and development] and TPC
[Technology Partnerships Canada] investment is expected to translate into
returns of approximately 4117 % —a nominal payback of over $41.00 per
$1.00 invested into the program. . .. This translates to an annual com-
pounded rate of return of nearly 67%.*

This assessment is regarded as conservative compared to the figures
cited by Defense Minister Eggleton although it counted only direct in-
vestment to the United States of US $95 million rather than the total
committed, including loans through Technology Partnerships Canada
for Canadian industry.* The DOD stated its case succinctly (see the
table below).
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Table. Potential impact of the JSF

Revenues EBIT EBIT Margin
($US million current)

2012-26 2012-26 2012-26
CaseBank Technologies $266.8 $66.7 25.0%
GasTOPS Ltd. 15.9 19 12.0%
Héroux-Devtek 255.2 16.4 6.4%
Magellan Aerospace 319.6 331 10.4%
Pratt & Whitney Canada 70.6 8.4 11.8%
Others 1,888.9 257.5 12.5%
Total $2,817.0 $384.0 12.6%

Source: Adapted from Office of the Deputy Under Secretary of Defense (Industrial Policy), JSF International Industrial Participation: A
Study of Country Approaches and Financial Impacts on Foreign Suppliers (Washington, DC: Office of the Deputy Under Secretary of
Defense [Industrial Policy], June 2003), 50, http://www.ledevoir.com/documents/pdf/etude_internationale_defense_americaine.pdf.

EBIT - earnings before interest and taxes

This estimation of benefits is troubling for many reasons. The gov-
ernment of Canada effectively wrote a check ranging from $100 mil-
lion to $160 million for the program. Although there is no dispute that
the return on gross revenues will be large, that may not be a good per-
spective for understanding gains. A more plausible method might in-
volve summing up the EBIT for the program ($110 million [2002-11]
plus $384 million [2012-26] equals $494 million over the life of the pro-
gram in incremental EBIT earnings by Canadian firms). That may re-
flect favorably on a taxpayer-funded investment that is three to five
times the initial investment, but such a calculation is fraught with
risks and pitfalls.

Cost and Schedule Slippages and Allied Partners

Growth of program cost is the norm in military programs. It comes
from the tendency of defense procurement to focus on the “best” with-
out regard to costs, simultaneously requiring relatively small quanti-
ties compared with many mass-produced civilian products. At the
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same time, considerations of logistics and the security of the supply
chain sharply raise the cost of many components.*

The program-cost growth for the JSF program, however, is both pre-
dictable and entirely foreseeable based on the history of military air-
craft programs. The cost of fighter aircraft has steadily risen since
World War II as aircraft became more capable. A retroactive look at ex-
penses by Norman Augustine shows cost growth from initial estimate
to initial operational capability (fig. 3).** Parsing this data, one notes
that the early versions (e.g., F-15A/B, F-14, F-22) tend to lie above the
trend line. Programs that are extensions or elaborations of existing pro-
grams have the best chance of staying at or below this line. The Parlia-
mentary Budget Office came to substantially the same conclusion us-
ing trend lines in the historical cost growth of strike fighters and based
on the weight of the airframe.*® Regardless of the methodologies cho-
sen, it is clear that the life-cycle cost of ownership of the F-35s will be
substantially higher than the projection by Canadian DND officials.
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Figure 3. Average unit costs. (From Barry D. Watts and Todd Harrison, Sustaining
Critical Sectors of the U.S. Defense Industrial Base [Washington, DC: Center for Stra-
tegic and Budgetary Assessments, 2011], 20.)

The above discussion suggests that cost and schedule slippages in
the JSF program are quite normal and lie within the realm of reason
and historical experience. The problem, accordingly, arises not so
much from the cost/schedule slippage itself but from the desire by Ca-
nadian DND officials to paint the most optimistic picture of costs for
their political masters without regard for readily obtainable data of
past program experience. Although other partners have grumbled
about rising costs in the aftermath of the 2008 economic crash, the vo-
ciferousness of the complaints in Canada is notable for the degree to
which it has contributed to political discord there. That is a function of
the political establishment, Industry Canada, and—more recently—the
auditor general expressing considerable dismay at how the DND was
talked into the program, apparently in violation of the industrial and
regional benefits normally expected by the government of Canada and
politicians.

March-April 2014 Air & Space Power Journal | 59




A

\¢ FEATURE

Lam & Cozzarin The Joint Strike Fighter / F-35 Program

The question then becomes one of whether a viable alternative to
the F-35 did in fact exist. There is a viable stopgap that any modern
fighter could fill—one that would be good for about 10-20 years. The
Australians think they have a gap, and they bought F-18s to plug it. As
for costs, they are irrelevant in terms of a stopgap airplane since it will
be obsolete before reaching its designed life span.

Decision-Making Power

From the inception of the JSF program, the lion’s share of the decision-
making power and authority rested with the DoD. No matter how opti-
mistic the projections, the largest single buyer was obviously the DOD
to fill requirements for the Air Force, Navy, and Marine Corps. Their
needs dictated the architecture of the craft, and their priorities drove
the needs of the program far above those of the industrial partners.
The only major exception was the United Kingdom, which leveraged
its expertise and capabilities in vertical and/or short takeoff and land-
ing acquired through the Harrier program to a privileged place both as
a supplier and major customer for the STOVL version F-35B. Even
then, the United Kingdom experienced considerable difficulty securing
commitments from the United States with respect to accessing the
software code. This is a critical issue for the program in many ways,
including the matter of leveraging industrial benefits. With the United
States as the dominant partner, participants—let alone customers—
have scant opportunity to make material changes in the package.

One must also note that the “prime” contractor for the F-35, Lock-
heed Martin, is a 30 percent stakeholder in the program, with other
key companies providing the rest of the capability—notably with re-
gard to the combat systems. The latter represent the element of great-
est value in the aircraft and will be updated over time because the
platform is software upgradeable. A substantial number of elements of
the aircraft are being produced by a global supply chain; currently, up-
wards of 20 percent of the entire supply chain is foreign.**
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Joint Strike Fighter Systems

Software

Defense equipment has fundamentally changed from the 1970s and
80s. Most defense systems’ added value is no longer in the hardware
but overwhelmingly in the software. Given the growing complexity of
software, cost and schedule overruns escalated and, with them, the
cost not only to develop but also to maintain the software during the
life of the system. A common rule of thumb holds that maintenance of
the software will require about 40 percent of the cost to develop it, as-
suming the addition of no major new capabilities.* Furthermore, al-
though estimating the added value of software versus hardware in the
JSF program lies beyond the scope of this article, a plausible guess is
that it cannot be lower than the F/A-18 at over 50 percent software
and likely is in the 80-90 percent range or higher, depending on the
value of the reused code modules from previous programs and the cost
of writing DO-178x-certified code.*® Once the United States made the
policy decision that it would not share the source code (not even at the
modules level) with the largest partner and biggest contributor to the
program (the United Kingdom), it became clear that such a policy ef-
fectively locks out partners from all but a very small amount of the
added value in the entire program, no matter how many industrial
benefits the DOD may claim for the partners. The question then be-
comes, how can one leverage benefits from such a model imposed by
the DOD?

Britain initially sought to have source-code access to the JSF soft-
ware as befitting the sole level I partner of the program. The United
States, however, refused the request. Ultimately, Britain applied con-
siderable pressure up to and including a threat to pull out of the JSF
program and obtained an agreement in 2006. According to President G.
W. Bush and Prime Minister Tony Blair, “Both governments agree that
the UK will have the ability to successfully operate, upgrade, employ
and maintain the Joint Strike Fighter such that the UK retains opera-
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tional sovereignty over the aircraft.”*” The specifics and details remain
classified, but it is believed that the United States in fact did not trans-
fer the source code but gave the United Kingdom priority and assur-
ance that its needs would be met by timely American-engineered up-
grades.*® Why is control of the software so important?

Technologically, functionality has steadily migrated from hardware
to software ever since creation of the first vacuum tube electronic de-
vice. Added value has steadily moved away from making physical
things to designing software that made the devices more useful. Dur-
ing World War II, a major Allied innovation was the invention of the
proximity fuse, a miniaturized radar transceiver that triggered the ex-
plosion of an artillery shell near a target, enabling the use of airbursts
of shrapnel against difficult-to-hit targets such as aircraft. This progress
continued the use of hard-wired electronics until the recognition that
in the 1973 Arab-Israeli war, such electronics enabled the jamming of
Israeli systems and led to the development of reprogrammable radar
and electronics. The F/A-18 was the first aircraft of'its kind to be
equipped with a programmable radar having a one-kilobyte hard drive
on board. This radar allowed dynamic reconfiguration of the F/A-18 in
flight, switching from air-to-air combat mode to ground-attack mode,
making the aircraft the world’s first truly multirole fighter. It was also
the first major defense program in which the cost of developing the
software exceeded the development budget for the hardware. Since
that time, on every major program, software costs have exceeded those
for hardware.

The importance of software in increasing the capabilities and lethal-
ity of military systems is now central. For instance, software lines of
code (SLOC) for all F/A-18 variants are as follows: A/B model was
943,000 (943K), C/D (2,130K), Night Attack (3,054K), C/D XN-8
(6,629K), C/D SMUG/RUG (14,268K), and E/F (17,101K).* As “smart-
ness” of weapons increased, productivity improved. During the first
Gulf War, although the tonnage of “smart” bombs was relatively small,
they demonstrated to the world that a few precision targeted bombs
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could accomplish what formerly required large fleets of bomber air-
craft carrying “dumb” bombs. This brings up the issue of productivity
or lethality of the JSF versus that of the alternatives.

As the largest contributor, the United Kingdom solved the problem
by leveraging a technology that it historically controlled into STOVL
technology, ensuring that not only the manufacturing of the physical
parts but also the software developed for that portion of the JSF stayed
in the United Kingdom. Norway, on the other hand, lobbied the United
States successfully for a commitment to integrate the Norwegian-made
Joint Strike Missile (JSM) into the F-35, which will likely have many
customers—including the US Navy. Norway estimated that the JSM
will probably result in $3.3 billion to $4.2 billion in revenues.”® In a
similar fashion, Israel, one of America’s closest allies, got a commit-
ment from the United States for “plug and play” compatibility for a
range of Israeli-made electronic warfare and other systems.

All of these models did not require the United States to compromise
on its insistence on sole control of the F-35 source code. At present, it
remains unknown whether Canada, as a part of the Canadian JSF pro-
gram, has crafted or is crafting a complementary program to develop
and field a JSF-compatible product that fits with particular Canadian
needs and that potentially has an export market to all JSF customers,
including the DOD. Given the size and scope of Canada’s commitment
to the JSF program and that country’s long-standing status as a reliable
ally, it is within the realm of possibility to ask the United States for at
least a deal comparable to Norway'’s and Israel’s.>

Lethality and Productivity: Automated Warfare

One of' the least understood aspects of the JSF program concerns the
reason why this aircraft is so different from its predecessors. Side-by-
side comparisons that utilize published specifications cited by aviation
enthusiasts reveal an aircraft inferior in many respects to the best Rus-
sian craft being exported. Indeed, Australian Airpower, an indepen-
dent air defense think tank staffed by former Royal Australian Air
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Force pilots, published many studies that showed the F-35’s technical
inferiority.”® When experienced veteran pilots of close US allies are so
negative, it raises the question of why the benefits of the JSF program
were not effectively communicated. From the first day of flight, air-
craft have become gradually more automated, and as automation en-
hanced function, crew workloads gradually declined, resulting in
smaller crews doing more. Figure 4 illustrates the trend of increasing
automation in the cockpit.

2000 (F-22)

1990 (B-2)
1982 (F-16)
1975 (F-15)

1970 (F-111)

Year of Introduction

1964 (A-7)

1960 (F-4)

0 20 40 60 80 100

Percent Functionality Provided by Software

Figure 4. Growth in software functionality of military aircraft software.
(Adapted from Daniel L. Dvorak, ed., NASA Study on Flight Software Complexity
[Washington, DC: NASA Office of Chief Engineer, 2009], 30, http://www.nasa.gov
/pdf/418878main_FSWC_Final_Report.pdf.)

The size of cockpit crews has steadily declined even as the platforms
became more capable. The CF-18s were primarily single-seat A mod-
els, but the B models were built with a second seat for the weapons
systems officer, in line with the now-retired F-14 of the same vintage
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that required a crew of two. With automation and considerable atten-
tion to reducing pilot workload, modern aircraft have made two seats
unnecessary, just as improvements in reliability have made two en-
gines unnecessary.’* Both of these developments are the direct product
of improved software—the former from cockpit automation and the
latter from the monitoring of engines and preemptive maintenance to
reduce the chances of in-flight failure. Critics have observed that the
F-35 is a single-engine craft unable to “supercruise” like the apparently
more advanced F-22.>

With the increase in software functionality have come improve-
ments in platform reliability, the active management of a system’s per-
formance, the tracking and logging of data, and, finally, the use of the
data itself.*® In other words, all data from every program participant is
pooled together. This enables the building of a large database that, in
turn, permits identifying and proactively addressing issues before the
actual point of failure (see the system for engine health management,
below).”” Because of these changes, the reliability of a single-engine
craft can approach and, in fact, exceed the reliability of twin-engine
craft that have less sophisticated onboard management systems, such
as the F/A-18A/B currently in the Canadian inventory.*®

Additional features on the F-35 that set it entirely apart from any
previous aircraft except the F-22 include a limited amount of stealthi-
ness, passive conformal sensors, and a helmet display that greatly re-
duces the pilot’s workload.® The F-35's stealthiness against radar is de-
signed to reduce its signature, primarily at the X band but not the L
band or other VHF band radars. Infrared signature is produced by de-
signing the airframe to limit hot spots and blending hot exhaust gases
to reduce the signature. However, no matter what one does to reduce
the signature, emerging technologies—including networked sensor
technologies based on optics—can render the issue moot.®® A major
improvement initiated in the F-22 and publicly disclosed in the F-35 is
the use of conformal passive sensors and difficult-to-detect distributed
aperture radar.® However, these improvements are still single-platform
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enhancements. Signature reduction is an evolving challenge with
emerging sensor technologies that make older generations of stealth
technology obsolete.

Automation to Network-Centric Warfare

Communications have always been central to warfare. From the earli-
est days of fighting, combatants were trained to use and follow what
ultimately evolved into an elaborate system of commands and con-
trols. The key to the increased lethality of modern weapons platforms
is the move toward network-centric as opposed to platform-centric ap-
proaches of the past. As part of acquisition reforms in the 1990s, indi-
vidual platform-specific systems were gradually phased out and re-
placed with platforms interoperable with architecture designed to
share data. Beginning in the 1990s, the idea of data fusion, whereby
data from platforms could be electronically accessed by other plat-
forms, became an aspiration for all defense systems.®* This contrasts
historical models whose sensor data (e.g., from the Airborne Warning
and Control System platform) must be interpreted; only then can a
controller manually vector an aircraft to the threat.®® The F-35 is the
first major platform that can not only access sensor data but also seam-
lessly operate a fleet of remotely piloted assets in its vicinity. SLOCs
illustrate the complexity of network-centric software in the F-35 and
its expansion through generations of aircraft.

Complexity in software expanded sharply between the relatively
new F-22 program (1.9 million SLOCs) to more than 9.5 million SLOCs
in the F-35 for the aircraft portion of the code. Additional code not on
board the F-35 totals over 24 million SLOCs.%* The 2012 Government
Accountability Office review notes that

the lines of code necessary for the JSF's capabilities have now grown to
over 24 million—9.5 million on board the aircraft. By comparison, JSF has
about 3 times more on-board software lines of code than the F-22A Raptor
and 6 times more than the F/A-18 E/F Super Hornet. This has added
work and increased the overall complexity of the effort. The software on-
board the aircraft and needed for operations has grown 37 percent since
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the critical design review in 2005. . . . JSF software growth is not much
different than other recent defense acquisitions which have experienced
from 30 to 100 percent growth in software code over time. However, the
sheer number of lines of code for the JSF makes the growth a notable cost
and schedule challenge.®

Lethality Multiplication

What caused this drastic increase in software complexity with the
F-35? The maturation of first-generation remotely piloted platforms
and the US Air Force’s change of heart toward remotely piloted versus
manned represent the major change from 1990s when the program
was conceived for the twenty-first century. The growing legitimacy of
remotely piloted assets in the US Air Force resulted in substantial in-
creases in requirements for software for the F-35, no longer viewed as
a conventional fighter aircraft. This revised concept addressed many
concerns about the F-35, including its relatively undistinguished per-
formance in conventional air-to-air combat roles, noted by indepen-
dent studies.®®

Appraisals of F-35 lethality fail to recognize that as a stand-alone
platform, it is as vulnerable as they claim. But the US Air Force has
moved far beyond deploying the F-35 in the conventional role of a
strike fighter. A new generation of remotely piloted aircraft (RPA) has
architecture from the ground up to operate semiautonomously without
the need for a ground controller to “fly” them; the present generation
of RPAs, such as the Predator MQ-1, is being tested and “mated” to the
F-35 as a strike package.?” These new swarms will both address these
concerns and give the F-35 a capability that effectively multiplies its
lethality—though the exact degree of multiplication has yet to be
proven in combat. Fusion of the combat system is more important
than RPAs, which are very vulnerable assets. The ability to deliver data
throughout the fleet with these common combat systems, for elec-
tronic warfare and cyber war, is crucial as well.

Given this major increase in capability, one question that needs to be
raised is whether the original DND statement of requirements that
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specified 65 aircraft remains relevant when the F-35 is used as pres-
ently designed in conjunction with semiautonomous, remotely piloted
assets. Another major question has to do with why Canadian forces
have lagged in adopting and developing remotely piloted technologies.®®

Conclusion

The dominant industrial and regional benefits offset model was his-
torically a good one for much of the twentieth century. It remains an
excellent mechanism to secure economic benefits and technology
transfer from a prime or major subcontractor to Canadian industry and
to ensure some degree of control by Canada over security of supply for
logistical purposes in the event of war. However, as the proportion of
software grew in terms of total value, the most critical element became
not the making of the physical product but access to the system soft-
ware. The DOD has made it amply clear that such access will not be
granted in a meaningful fashion, even to the closest allies. Under such
circumstances, even if Canada hypothetically were able to secure the
production contract for the entire JSF program (US and foreign com-
bined), the benefits would (a) remain well below 50 percent of the to-
tal value of the program and (b) not materially improve Canada’s posi-
tion of dependence on the United States to provide the software. No
JSF can fly without the software, and it is not within the capabilities of
anyone other than a consortium of the European Union to develop an
alternative software suite independent of the United States.

As the largest and closest ally of the United States in the JSF pro-
gram, the United Kingdom in effect secured the majority of the manu-
facturing and some of the software work specific to the F-35(B) STOVL
version. Even then, the deal left it dependent upon America for most
software modules. Both Israel and Norway, relatively small players,
leveraged “plug compatibility” for major additions to the F-35. Norway
will implement the Joint Direct Missile Program, and Israel will imple-
ment its own equipment and weapons into the JSF.%
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The Canadian armed forces and Industry Canada could have used
the Norwegian, Israeli, Singaporean, and UK programs as templates to
produce the architecture for a set of complementary products and ser-
vices that would meet unique Canadian needs and potentially have a
large export market by securing from the United States the assurance
of plug compatibility on the F-35 platform. As of the date of this publi-
cation, the opportunity to leverage the Canadian JSF procurement into
a set of complementary programs with substantial industrial and re-
gional benefits—while addressing pressing Canadian priorities such as
Arctic sovereignty / resource and environmental management—is still
open. &
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