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Abstract
Ballistic missiles and projectiles such as rockets provide the threat of large-scale
damage to not only military but also civilian targets, with potentially high casualties. This
technology was widely proliferated during the Cold War era, and many countries
continue to develop ballistic technology today. These systems are attractive to states and
non-state actors because of their relatively low cost compared to the high level of damage
they can cause. Since the creation of Israel in 1948, it has experienced tense relations
with its Arab neighbors, which possess ballistic weaponry. Since Ronald Reagan’s 1983
Strategic Defense Initiative (SDI) invitation for defensive collaboration, the United States
and Israel have partnered in the field of ballistic missile defense (BMD). Prior to 1983,
Israel espoused a purely offensive-defense strategic mentality, in which it was willing to
start wars for the sake of protecting its territory and its people. The creation of BMD
systems such as the Arrow Weapon System (AWS), Iron Dome, and David’s Sling has
enabled Israel to enjoy a layer of multi-tiered defense against a variety of ballistic threats.
The United States, as part of this BMD partnership, has benefited from the technological
advancement as well. This paper examines the bilateral collaboration and the mindsets of
both the United States and Israel which led to the development of this ballistic weapon
shield from the time period of 1983 until 2016.
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Chapter 1: Introduction
In 1962, the world watched as the United States and the U.S.S.R. danced around a
small, Caribbean nation, wondering if missiles would be shot from either country. Now,
55 years later, the world finds itself in yet another tense time, wondering if missiles will
be sent to annihilate one group of people or another. Will the missiles come from the
Korean peninsula or from the North American continent? In the midst of this uncertainty,
the reassurance of missile defense shields stand at the ready. This technology’s existence
itself has been at times uncertain, once severely limited by the 1972 Anti-Ballistic Missile
Treaty between the United States and the U.S.S.R. and fiercely debated among scholars
who either support or refute principles of mutually assured destruction (MAD).1 In these
years of limitations and discourse, between the great political and economic giants of the
world, one nation developed its own systems against ballistic missiles and a variety of
other ballistic weapons, as those threats were not merely rhetorical dangers but actively
used systems. From the 1983 start of U.S. President Ronald Reagan’s Strategic Defense
Initiative (SDI) until the present time, Israel has collaborated with the United States to
develop a system of ballistic missile defense (BMD) to cover its airspace and protect its
population from potential existential destruction.
Israel developed a multi-tiered and layered missile and rocket shield over the past
three decades, both to deter its adversaries from targeting the Israeli homeland and to
comfort its populace, which has been surrounded by unfriendly neighbors that have
militarily threatened the Israeli people since the inception of their state. The United States
heavily financed the development of this shield and coproduces and co-develops parts of

1

See Appendix 1 for full acronym list.
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these systems as well. In a 1997 speech before the House National Security Committee,
Brigadier General Curtis H. Emery (USAF) encapsulated the first decade of collaboration
between the U.S. and Israel in the field of BMD:
Israel has been actively involved in cooperative missile defense programs
with [the Ballistic Missile Defense Organization] BMDO since 1986 when
it signed a Memorandum of Understanding with the United States. Given
the existing and rapidly developing missile threats in the [Middle East],
Israel was the first allied nation to declare its intent to field a missile
defense system as a national priority. Cooperative activities have included
architecture studies; participation in several technology experiments; test
bed development, enhancements, and experiments; examination of boostphase intercept concepts; and, most prominently, the development of the
Arrow Interceptor.2
This speech, given in the early years of BMD collaboration between the U.S. and
Israel, captured the beginning of this bilateral defense work. For the U.S. and Israel, the
Arrow project commenced the conception of several systems and a few billion U.S.
dollars’ worth of development and production.
Israeli BMD evolved from the singular Arrow program first conceived in the
1980s to what it is today: a five-tier umbrella, comprised of several systems providing
coverage of the Israeli homeland against a variety of ballistic threats, to include rockets,
short-range ballistic missiles (SRBMs), medium-range ballistic missiles (MRBMs), and
intermediate-range ballistic missiles (IRBMs). This umbrella not only consists of systems
which Israel developed or co-developed, but systems purchased from the United States as
well. The five main components of the current Israeli missile defense shield are Arrow-2,
Arrow-3, Iron Dome, David’s Sling, and the U.S.-produced PATRIOT. The focus of this

“Statement of Brigadier General Emery, USAF, Deputy for Theater and Air Missile Defense, Ballistic
Missile Defense Organization, To The House National Security Committee, Subcommittees on Research &
Development and Procurement,” Missile Defense Agency, March 19, 1997, accessed August 23, 2017,
https://www.mda.mil/global/documents/pdf/ps_emery.pdf.
2
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paper will be on the main missile defense systems in which Israel played a major role in
development, specifically Arrow-2 and Arrow-3, Iron Dome, and David’s Sling (see
overview in Table 1). While systems such as the PATRIOT play an important role in
Israel’s BMD shield, it is beyond the scope of this paper to delve into the developmental
specifics of this U.S.-developed system. It is important to note that Israel enjoys
interoperability with several other U.S.-produced systems, but their use and development
are outside of the scope of this paper as well. These systems include the Terminal High
Altitude Area Defense (THAAD) and Aegis Naval BMD. Additionally, the U.S. and
Israel collaborated on Project Nautilus to develop the Tactical High Energy Laser
(THEL), but this system never reached initial operational capability (IOC) and will
therefore not be discussed in depth. Israel is currently developing a laser-based system
known as the Iron Beam, but bilateral cooperation is not yet a factor of consideration for
this project and is thus not discussed in this paper.
Table 1: U.S.-Israel BMD Systems3
System
Iron Dome
David’s Sling
(aka Magic
Wand)
Arrow-2

Arrow-3

3

Threat
Rockets
SRBM, MRBM

Producers
Rafael
Rafael /
Raytheon

IOC
2011
2017

IRBM (Upperatmospheric
interception)
IRBM/ICBM
(Exoatmospheric
interception)

Boeing / Israel
Aerospace
Industries
Boeing / Israel
Aerospace
Industries

2000

2017

Compiled from Jeremy M. Sharpe, U.S. Foreign Aid to Israel (CRS Report No. RL33222) (Washington,
DC: Congressional Research Service, December 22, 2016), 14-20,
https://fas.org/sgp/crs/mideast/RL33222.pdf; Rafael’s full name is Rafael Advanced Defense Systems and
Boeing’s full name is The Boeing Company.
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Before launching into a full discussion of ballistic missile defense, it is important
to recognize what this tiered shield replaced. While it did not replace a specific defensive
technology, Israeli BMD supplements a strategic mindset. Prior to these defensive
systems, Israeli policy favored the tactic of pre-emptive strikes or even a “pre-emptive
war,” thus mitigating any military capabilities of its adversaries.4 In other words, the
Israeli strategic mindset was “the best defense is a good offense.” This mindset was born
from the tenuous history between the majority Jewish Israeli population and its largely
Arab Muslim neighbors (see Figure 9 on page 68 for map of Israel and its neighbors).
Because of this history, Israel has a sense of being permanently on guard. Historically,
when its neighbors have gained military capabilities which Israel has believed could be
used against it, it has struck against those neighbors in ways which have made it
impossible for them to use that technology against Israel. This particular history and
mindset will be outlined in greater detail in Chapter 3.
Despite its long use by Israel, the model of offensive-defense has not always
proven successful. The United States, for example, attempted the tactic known as SCUDhunting in the early 1990s during the First Gulf War. SCUD-hunting attempts to find and
target SCUD missiles, destroying them before they can be used. According to Lieutenant
Colonel (Lt Col) Eddie Boxx, a U.S. Air Force officer writing as a fellow for The
Washington Institute, the United States attempted to target SCUD-type missiles using this
method, which ultimately proved a failure. Iraq launched a total of 41 SCUD missiles
during this conflict at Israel, despite the best efforts of the U.S. to preemptively find and

Arieh Stav, “Editor’s Introduction,” in Ballistic Missiles: The Threat & the Response, ed. Arieh Stav
(Washington, D.C.: Brassey’s Inc., 1999), 12.
4
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destroy them.5 The Israelis experienced more luck in this arena, according to Boxx. He
cited the Israeli counter-missile operations against Hezbollah6 in 2006 as an example of
successful pre-emptive strategy. He claimed one strike by Israel’s Air Force “destroyed
over 90 percent of Hizballah's medium- and long-range Fajr-3 and -5 and Zelzal rockets,
launchers, and storage sites on the first day of the war, demonstrating the importance of
striking rocket and missile forces prior to their being launched.”7 Despite the importance
which Israel and Boxx saw in this tactic, these preemptive attacks require great effort and
constant vigilance. A country which wishes to rely upon this method of defense remains
essentially in a state of perpetual war against possibility.
Regardless of who conducts the pre-emptive strikes, the question of the efficacy
of such efforts remains important to discuss. Threat rockets and mobile missile systems
are easily hidden, making them difficult to strike in advance. Such a challenge builds the
case for BMD use instead of such offensive operations, or even in conjunction with such
efforts. Defensive systems allow a nation to have a back-up or last-ditch safeguard
against surprise attacks. This not only holds strategic value, but psychological value as
well, as it allows the population freedom from the constant fear of annihilation. It is thus
easy to understand the reasons that Israeli politicians have supported such defensive
systems, though BMD has not always enjoyed political support. The reasoning behind
BMD development will be discussed more in Chapter 5.

5

Eddie Boxx, Countering the Iranian Missile Threat in the Middle East (The Washington Institute for Near
East Policy, October 18, 2012), accessed July 30, 2017, http://www.washingtoninstitute.org/policyanalysis/view/countering-the-iranian-missile-threat-in-the-middle-east.
The spelling “Hezbollah” is the preferred spelling of this group by the author of this paper, but
“Hizbollah” is an alternate spelling used by some. Both are interchangeable.
6
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Boxx, Countering the Iranian Missile Threat.
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U.S.-Israel Relationship
The Cold War saw the start of U.S.-Israel8 missile defense collaboration, which is
ultimately rooted in the overall U.S.-Israel strategic partnership.9 This relationship also
started in the very early years of the Cold War and has been researched in depth over the
years. As a result, many analysts have weighed in on the relationship between these two
democratic nations,10 separated by over 5,700 miles. Some researchers see the
relationship between the U.S. and Israel as founded in soft power ideals such as shared
“Judeo-Christian and democratic values,” as well as respect for personal liberty and
freedom.11 The U.S.-based Jewish voting population, while not without its own divisions,
nonetheless also motivated American politicians to support Israel over the years, all while
balancing the Soviet presence in the Arab Middle East. This Soviet presence and the
hostility of Israel’s neighbors, according to these authors, served as the catalysts for the
U.S.-Israel relationship.12

While many sources use the term “U.S.-Israeli” to describe the partnership and relationship between these
two nations, the author of this paper has chosen to use “U.S.-Israel” in order to emphasize the relationship
between two sovereign states, while “U.S.-Israeli” leads to the implication of the relationship between the a
state and a population.
8

The U.S.-Israel relationship will be referred to as a “partnership” throughout this paper, but it is important
to realize that this relationship is often asymmetric. The United States is much larger, both economically
and geographically. The U.S. and Israel collaborate on BMD systems, but through MOUs, the U.S. also
gives billions of U.S. dollars to Israel as well. In other words, the partnership is often unequal or
asymmetric in this sense. The U.S. power extends globally as well, while Israel’s is more regionally based,
further explaining the difference in both finances and strategic influence.
9

10

It is beyond the scope of this paper to delve into the political systems in these two countries. The level of
democracy in the U.S. and in Israel can be debated, but the purpose of this statement is to emphasize that
both nations, when this relationship first began in the late 1940s, were based on democratic values and
therefore shared the commonality of not being aligned with the Communist system.
11

Shai Feldman and Zalmay Khalilzad, The Future of U.S.-Israel Strategic Cooperation (The Washington
Institute for Near East Policy, May 2, 1996), accessed July 30, 2017,
http://www.washingtoninstitute.org/policy-analysis/view/the-future-of-u.s.-israel-strategic-cooperation1.
12

Ibid.
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Despite the years of collaboration starting on the date of Israel’s founding in
1948, the U.S.-Israel strategic relationship was first codified in 1979, as seen in the first
bilateral Memorandum of Agreement (MOA) and the first Memorandum of
Understanding (MOU) in 1981.13 This official relationship developed from that basic
1979 MOA to full defense financing. Clyde Mark wrote in a Congressional Research
Service (CRS) report, “From 1971 to [2005], U.S. aid to Israel has averaged over $2
billion per year, two-thirds of which has been military assistance.”14 The U.S.’ initial
hesitation to deliver military goods and assistance to Israel during the early Cold War
years had clearly faded by the late 1970s, as Cold War politics became the status quo.
While the early days of military support included selling Israel ammunition and the
HAWK and PATRIOT air defense systems to now co-developing and funding antiballistic missile (ABM) systems, the level of cooperation has increased and strengthened
since then. Such a relationship has enabled Israel to develop its own systems, such as Iron
Dome, for more specialized defense.15 In the matter of BMD collaboration, the MDA
cites the major programs for Israeli R&D collaboration as ASIP, Arrow-3 Upper-Tier
interceptors, and David’s Sling. Iron Dome is also included for its procurement
program.16 A discussion on the evolution of this relationship can be found in more depth
in Chapters 5 and 6.

13

Feldman and Khalilzad, The Future of U.S.-Israel Strategic Cooperation.

14

Clyde R. Mark, Israel: U.S. Foreign Assistance (CRS Report No. IB85066) (Washington, DC:
Congressional Research Service, updated April 26, 2005), 4, https://fas.org/sgp/crs/mideast/IB85066.pdf.
15

Sharpe, U.S. Foreign Aid to Israel, 14.

“US-Israeli Ballistic Missile Defense Programs: Frequently Asked Questions,” Missile Defense Agency,
last updated March 31, 2017, accessed September 20, 2017,
https://www.mda.mil/faqs/faq_us_israel_programs.html.
16

8
In a post-Cold War world, the U.S.-Israel relationship remained strong. Professor
Shai Feldman and Dr. Zalmay Khalilzad, experts in Middle Eastern studies, argue the
strategic relationship between the United States and Israel remains relevant today, not
because of the supranational balance of power so important in the late 20th Century, but
because of threats these nations share, such as “the proliferation of weapons of mass
destruction, terrorism, Islamic extremism, and the rogue regimes of Iran and Iraq.”17 Such
shared threats make security and defense important parts of the strategic U.S.-Israel
relationship. The U.S. not only has strategic interests in the Middle East in the form of
natural resources, but the country remains entrenched in what will likely be a decades
long conflict against terrorism. In many ways, Israel’s threats and enemies are also the
same threats the United States faces, and attacks against U.S. military personnel in the
Middle East and attacks on U.S. soil make those threats considerably less than 5,700
miles away.

U.S.-Israel BMD Collaboration
One manifestation of the defensive relationship, and the focus of this paper, is the
collaboration between the United States and Israel on ballistic missile defense. The
United States’ financial support to Israel in the field of BMD comes in the form of
defense authorizations and appropriations bills from Congress and administered by the
Missile Defense Agency (see Appendix 2 for depiction of funding flow). As a result of
this funding, the United States enjoys the benefits of “co-development, co-production,
and/or technology sharing in connection” with the Israeli BMD systems which receive

17

Feldman and Khalilzad, The Future of U.S.-Israel Strategic Cooperation.
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U.S. tax-payer money.18 This collaboration extends past pure funding, development, and
production and into international inter-operationability and defense exercises. The
Missile Defense Agency (MDA), which currently administers the BMD collaboration
programs on the side of the United States, cites exercises such as the biennial Operation
JUNIPER COBRA as providing avenues to practice interoperability between these
Israeli-used systems and U.S. systems such as the AN/TPY-2 missile defense radar,
THAAD, and Aegis Naval BMD.19 Operation AUSTERE CHALLENGE is an annual
bilateral exercise which does much of the same.
The road to BMD has been one marked by controversy in both the U.S. and Israel,
and the support for BMD programs in the U.S. has ebbed and flowed since the 1960s.
Authors Peter Dombrowski, Catherine Kelleher, and Eric Auner note four distinct waves
of U.S. policy in this area. The hallmark of Wave I was the SENTINEL Program,
designed to protect U.S. Minutemen ICBMs from preemptive attack. This program was
greatly limited by the 1972 ABM Treaty conditions specifying how many missile defense
sites a nation could field, and thus SENTINEL-associated systems were decommissioned
later that decade.20 Wave II was the era of U.S. President Ronald Reagan’s Strategic
Defense Initiative Program (SDI), beginning in 1983. Wave III included the cancellation
of the 1972 ABM Treaty by U.S. President George W. Bush in 2001 and a focus on

18

Sharpe, U.S. Foreign Aid to Israel, 14.

“Missile Defense Agency Fiscal Year (FY) 2011 Budget Estimates: Overview,” Missile Defense
Agency, January 15, 2010, 20, accessed July 30, 2017,
https://www.mda.mil/global/documents/pdf/budgetfy11.pdf.
19

John W. Finney, “Safeguard ABM System to Shut Down; $5 Billion Spent in 6 Years Since Debate,”
The New York Times, November 25, 1975, accessed October 29, 2017,
http://www.nytimes.com/1975/11/25/archives/safeguard-abm-system-to-shut-down-5-billion-spent-in-6years-since.html.
20
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national defense. Finally, Wave IV began with U.S. President Barack Obama, who turned
the focus of these programs back to theater defense.21 These waves will be covered more
in Chapter 6, but a basic awareness of them is important in understanding the level of
involvement and desire for technological advancement by various U.S. administrations.
The relationship between the United States and Israel has often been called
“unique.” Clyde R. Mark, writing for the CRS, outlines several ways in which the United
States treats Israel differently than its other partners. Some of these include lump sum
delivery of financial assistance, the use of U.S. funds for purchasing non-U.S. military
and defense goods, waiving debts, and purchasing U.S. research and development
(R&D).22 Although the United States collaborates with NATO as an organization and
nineteen countries independently in the field of ballistic missile defense, Israel is the only
one of those countries to have fielded systems co-developed with the United States. Only
five of those nations, besides Israel, have active R&D collaboration with the United
States.23 The majority of this collaboration is admittedly in Europe, which has not had the
constant threat of ballistic missiles and active attacks from its neighbors using missiles
and rockets that Israel has. The strategic mentality is therefore different between Israel
and its European contemporaries, built upon different histories and experiences. The
common factor they all share in this field lies in the role the United States plays in
guiding this BMD development.

Peter Dombrowski, Catherine Kelleher, and Eric Auner, “Demystifying Iron Dome,” The National
Interest, no. 126 (July/August 2013): 53, accessed May 19, 2017, http://www.jstor.org/stable/42896501.
21

22

Mark, Israel, 3.

“International Cooperation,” Missile Defense Agency, last modified March 31, 2017, accessed August
23, 2017, https://www.mda.mil/system/international_cooperation.html.
23
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Ballistic missile defense has been widely discussed in the context of Israeli
defense and security, but one must recognize it is impossible to separate one’s
understanding of Israeli BMD from understanding U.S. support to Israel. This
relationship is meant to be symbiotic: Israel receives financial and technical support from
the United States, while the United States receives technical information from the
Israelis. The benefits are financial, intellectual, and political. In a November 1997 speech
by Lieutenant General Lester Lyles, Director of the Ballistic Missile Defense
Organization (BMDO), to the House of Representatives Committee on National Security,
he laid out the main interest of the United States in the Arrow Weapon System (AWS):
“First, many of the components of Arrow are similar to those in U.S. [Theater Missile
Defense] TMD systems and we both have learned vital lessons during the Arrow system's
testing. Second, we are keenly interested in the interoperability of the Arrow system and
U.S. TMD systems.”24 It is this relationship, the benefits which Israel and the U.S. both
enjoy surrounding this technology, that will be the focus of this paper. The story of this
relationship can be likened to the biblical David (Israel) teaming up with the outfitted,
well-supplied, and amply trained Goliath (United States). In this case, the two were never
adversaries, but rather found benefit in their own strengths, which when shared make
them both stronger.

“Prepared Statement by Lieutenant General Lester L. Lyles, USAF, Director, Ballistic Missile Defense
Organization before the Committee on National Security House of Representatives,” Missile Defense
Agency, November 5, 1997, accessed August 23, 2017,
https://www.mda.mil/global/documents/pdf/ps_lyle5nov.pdf.
24
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Paper Overview
The timeframe addressed in this paper focuses from the start of the U.S. BMD
collaboration invitation to the international community in 1983 with U.S. President
Ronald Reagan’s Strategic Defense Initiative (SDI), which Israel quickly accepted and
embraced. A BMDO Fact Sheet noted a bilateral MOU signed in 1986 started U.S.-Israel
collaboration “on the development of a defense system against theater ballistic missiles
(TBMs).”25 The end year for this paper will be 2016, but funding, research, development,
testing, and fielding is ongoing. The end date is merely to provide an information cutoff
for this ever relevant and developing topic.
A background chapter will lead the main body of this paper to frame the
collaborative partnership between the United States and Israel from the creation of the
Israeli state in 1948 until 1982, when the body of this paper will continue the narrative,
with a focus on missile and rocket defense. A chapter will also be devoted to the threats
Israel faces from state and non-state actors, as well as the advantages and disadvantages
of missile defense shields. The rest of the paper will discuss the specific history of U.S.Israel BMD collaboration from 1983 until 2016, concluding with a brief discussion on the
future of BMD.
While many authors have written on the topic of U.S.-Israel BMD, to the
knowledge of this author no one paper addresses this topic with the approach presented

“The Arrow System Concept and Data,” in Ballistic Missiles: The Threat and Response, ed. Arieh Stav
(Washington DC: Brassey’s Inc., 1999), 63; The Ballistic Missile Defense Organization (BMDO) existed
from 1994 until 2002. It replaced the Strategic Defense Initiative Organization (SDIO), which lasted from
1984 until 1994. The Missile Defense Agency (MDA) is the agency from 2002 until the present day, but all
of these organizations have similar purposes, and the statements from the forerunners may be considered to
be similar to their successors.
25
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here.26 Many address the development of these systems, but focus on one or two systems,
rather than these four.27 The majority also focus on the Israeli narrative, whereas this
paper seeks to present both sides of the relationship, to include a look into the U.S. belief
in the benefit of this relationship, as spelled out by U.S. legislation and the analytic views
of specialists in this field. This paper will cover ballistic missile defense development
from the beginning of the Israeli state by examining the Israeli strategic mindset and
flowing that narrative to how the United States and Israel have collaborated and created
these technologically complex defensive systems.

26

The most similar approach to this topic can be found in a piece by Dr. Jean-Loup Samaan titled, Another
Brick in the Wall: The Israeli Experience in Missile Defense, published in April 2015. In the foreword to
this text, Douglas Lovelace Jr., Director of the Strategic Studies Institute and US Army War College Press,
wrote that Dr. Samaan’s piece has the purpose of delving into the change in “Israel’s strategic culture,”
which now embraces missile defense. Samaan mainly focuses on the Arrow program’s development and
the success of the Israeli-developed Iron Dome. While Samaan also discusses the beginning of Israel’s
missile defense history, he does not cover the comprehensive history behind its strategic mindset, as
presented here.
27

Arrow II, Arrow III, Iron Dome, and David’s Sling.
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Chapter 2: Major Concepts and Definitions
Before delving into U.S.-Israel BMD collaboration, it is appropriate to first define
several important terms. This paper will focus on ballistic missile defense (BMD)
systems, which have been created to counter a variety of ballistic threats. According to
the 1987 Intermediate-Range Nuclear Forces (INF) Treaty, a ballistic missile is “a missile
that has a ballistic trajectory over most of its flight path.”28 Angelo Codevilla, specialist
in international relations with a focus on arms control and ballistic missile defense,
defines ballistic missiles as “…rockets that are fired nearly straight up, whose motors
burn typically between one and five minutes, and whose path thereafter is determined by
the force of gravity, except for relatively small manoeuvres executed soon after engine
burnout, or late in the trajectory to complicate the task of missile defenses.”29 These
projectiles come in various sizes with the intent of carrying a warhead over various
distances and are generally broken down into rockets, short-range ballistic missiles
(SRBM), medium-range ballistic missiles (MRBM), intermediate-range ballistic missiles
(IRBM), and intercontinental ballistic missiles (ICBM). The U.S. and U.S.S.R. define
missile categories differently, not only by range but in naming conventions. This is
discussed in more detail in Footnote 35. The U.S. Missile Defense Agency (MDA)
defines the following as the ranges for the various ballistic missile systems:

“Treaty Between The United States Of America And The Union Of Soviet Socialist Republics On The
Elimination Of Their Intermediate-Range And Shorter-Range Missiles (INF Treaty),” U.S. Department of
State, December 8, 1987, accessed September 30, 2017, https://www.state.gov/t/avc/trty/102360.htm#text.
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Table 2: Ballistic Missile Classes30
Missile Class
SRBM
MRBM
IRBM
ICBM

Kilometers
0 – 100031
1000 – 3000
3000 – 450032
5500+

Nautical Miles
540
540 – 1620
1620 – 2430
2970+

The warheads which can be carried on these systems vary greatly according to the
desired effect. These warheads can be conventional, meaning they carry some sort of
explosive ordinance, or they can be unconventional, meaning they can carry some form
of nuclear, biological, or chemical warhead instead. The majority of non-state and state
actors evaluated in this paper will be considered to have conventional capabilities. It is
beyond the scope of this paper to discuss the proliferation of unconventional munitions in
depth, but this paper would be remiss to ignore the possibility of this type of dangerous
warhead. Some BMD systems such as Arrow-3, which will be discussed in depth later,
are designed to counter this specific threat.
With ballistic missiles defined, it is now possible to characterize missile defense
systems. The terms “anti-ballistic missile (ABM)” system and “ballistic missile defense
(BMD)” system will be used interchangeably throughout this paper. Both of these terms
cover the concept of systems which have either the expressed purpose or a secondary
modality of protecting an area or target against a ballistic threat. These ballistic threats
can include air-, land-, or sea-launched ballistic or cruise missiles, as well as rockets and

“Targets and Countermeasures,” Missile Defense Agency, July 28, 2016, accessed September 30, 2017,
https://www.mda.mil/global/documents/pdf/targets.pdf.
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mortars. The 1972 ABM Treaty between the U.S. and U.S.S.R. defined an anti-ballistic
missile system as “a system to counter strategic ballistic missiles or their elements in
flight trajectory.”33 It further lists the various parts of an ABM system, to include: “ABM
interceptor missiles, which are interceptor missiles constructed and deployed for an ABM
role, or of a type tested in an ABM mode, ABM launchers, which are launchers
constructed and deployed for launching ABM interceptor missiles, and ABM radars,
which are radars constructed and deployed for an ABM role, or of a type tested in an
ABM mode.”34
A significant part of the ABM Treaty is in its direct limitation of “strategic”
weapon systems.35 As such, one must define the difference between strategic BMD and
tactical or theater BMD (TBMD). For example, according to SALT II, strategic arms are
those which are associated with systems that have ICBM-like ranges.36 Codevilla
cynically claimed that strategic ballistic missiles are defined by the United States as
“…only those things that can hit the United States from overseas…,” interpreting this as

“Treaty Between The United States of America and The Union of Soviet Socialist Republics on The
Limitation of Anti-Ballistic Missile Systems (ABM Treaty),” U.S. Department of State, May 26, 1972,
accessed September 30, 2017, https://www.state.gov/t/avc/trty/101888.htm.
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36

17
singular concern by the U.S. for its own security.37 It is difficult to define the strategic
portion of this for several reasons, as clearly seen in Codevilla’s sardonic but poignant
view.38 First, a missile which could be used tactically against U.S. troops could also be
used to target Israeli population centers. The same missile would not have the ballistic
range to fly across the ocean and target U.S. population centers. Thus, it is difficult to
base the definition of strategic by the technical capabilities of the missiles themselves.
Secondly, it is problematic to define strategic ballistic missiles as ones which are used by
one state to target another state to threaten them existentially. Non-state actors such as
Hezbollah, using only rockets and mortars, are able to target sections of Israel in ways
which would threaten the state existentially. Thus defining “strategic” weapons based
upon the actor using them is also not possible. In order to simply these definitions and
dissuade argument on this particular point, as it is not the purpose of this essay to discuss
this in depth, this paper will define strategic BMD systems as those which, from the
perspective of the target state, protects the existence of the state from the threat of
missiles against strategically important targets within that target state.
The second overarching category of ballistic missiles defense is tactical or theater
(TBMD). Codevilla believed the United States purposely stunted the capabilities of its
ABM equipment for years in an attempt to hold true to the 1972 ABM treaty, though the
U.S.S.R. and later Russia purportedly did not. He contended the U.S. justified this
“dumbing down” of its technology to make defensive systems “‘theater’ rather than
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‘strategic.’”39 As with the definition of strategic, there are issues with defining a system
as tactical or theater. For the purposes of this paper, tactical or theater BMD systems are
used for the expressed purpose of protecting ground troops or for localized defense of
non-strategic targets against ballistic threats.
The basic BMD system is rather simple when it comes to the components
involved, though the technology behind the individual components is rather complex. At
the most basic level, all BMD systems will require a radar and a missile with launcher.
The intercepting missile for this system will vary in complexity as well. Some are single
stage and others have multiple stages, allowing the interception to occur at longer
distances. These missiles can also have different warheads, depending on the threat they
are intended to counter. Some, like Arrow-2, have a high-explosive (HE) fragmentation
warhead, while Arrow-3 has a “hit-to-kill” warhead.40 BMD systems will also have a
control computer to initiate and conduct engagements. Systems vary in complexity based
on their purpose and interoperability with other fielded systems.
Interoperability and integration are also crucial topics to understanding BMD and
the importance of international cooperation. For the purposes of this paper, the concept of
integrated missile defense systems indicates a set of systems is able to communicate with
each other over some form of control computer or datalink in order to select the system
appropriate to counter an incoming threat. The integration can be either between a
nation’s own systems or within a set of nations’ systems. This is also known as
interoperability. Lt Col Eddie Boxx describes an example of what integration looks like
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operationally: “In a February 2013 test, a U.S. Space Tracking Surveillance SystemDemonstrator (STSS-D) satellite tracked a Scud-like target and relayed data through a
secure, jam-resistant datalink to an Aegis cruiser located over 500 miles away. The
cruiser then destroyed the target with a SM-3 Block IA interceptor.”41
Boxx also mentions that with the assistance of outside cuing systems such as
STSS-D, BMD systems are able to conduct engagements more efficiently and more
quickly. This concept of interoperability applies to ground-based radars and airborne
assets alike.42 In 2010, the MDA reported success in integrating with Israeli systems in
2009:
We extended integrated and distributed ground testing in support of
defense of Israel; successfully demonstrated the ability of forward-based
AN/TPY-2 radars to cue Aegis BMD and the Arrow Weapon System; and
provided improved regional BMD situational awareness and demonstrated
the flow of BMD track data across regional commands.43
Along with interoperability, one must also understand the concept of a “layered”
or multi-tiered BMD shield. Every BMD system or air defense system has a particular
amount of airspace it is able to defend or provide coverage for. In order to cover a
nation’s entire airspace, layering can be used. This means different systems with
complementary capabilities are positioned in order to provide the maximum defensive
coverage for a territory as possible. Layers in a defensive system are often used to ensure
a wide variety of threats are defended against. This is meant to increase the likelihood all
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incoming missiles and rockets are intercepted, though 100% interception is not a surety,
even with highly layered defensive systems.44
Uzi Rubin, former head of Israel’s Missile Defense Organization, and Michael
Elleman, missile defense expert for the International Institute for Strategic Studies,
discuss the importance of BMD layering. They purported that neighboring actors such as
Iran understand the advances in Israel’s BMD shield, and therefore look not for new
technologies to counter these systems, but rather look for means of “saturating” them.45
Saturation means launching more ballistic threats than Israeli systems can physically
counter with their available interceptors. The solution Rubin and Elleman provide to
counter this saturation tactic is in the form of advanced radars and computers which are
able to select the best ABM interceptor for each operational problem set. By having
different systems for different purposes, the systems are able to cover multiple threats and
threat trajectories. Israel developed what can be called a five-tier system to create this
defensive layering effect, comprising of Arrow-2, Arrow-3, PATRIOT, David’s Sling,
and Iron Dome.46
Important to BMD cooperation are the terms relating to development, funding,
and production. In the course of funding various Israeli programs, the U.S. Congress has
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carefully laid out terms for co-production and co-development to increase the surety of
technology sharing. For the purposes of this paper, co-development is defined as
partnered countries and their companies and subsidiaries working on the research and
testing phases of a system. Co-funding refers to projects in which partner states both
contribute money to a system, regardless of the system’s phase of development. Coproduction occurs when partner nations and their companies or subsidiaries fabricate or
manufacture pieces or the whole of a system for operational use. These terms are
particularly important in understanding the relationship between the United States and
Israel in their various BMD cooperation programs. Funding, development, and
production all have their own stages and consequences according to the legislation
produced by the U.S. when it comes to its willingness to assist Israel in this endeavor.
This will be discussed later in Chapter 5.
With these terms defined, it is possible to delve into the history of the U.S.-Israel
relationship and the Israeli strategic mentality, as seen best in the war-torn history
between Israel and its neighbors since the creation of Israel in 1948.
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Chapter 3: The Beginning of the Strategic Relationship (1947 – 1979)
This chapter focuses on the background behind the U.S.-Israel strategic military
relationship leading up to the development of Israel’s ballistic missile defense shield. It
will specifically cover the years of 1948 through the end of 1982. The purpose of this
framework is to help the reader understand Israel’s strategic mindset and how this
mindset evolved from being one of offensive survival to an almost patient defense. It is
also important to understand the evolution of the U.S. mindset and support of Israel in the
context of its complex policies in the Middle East, which cannot be separated from the
Cold War politics of the time.
Before a full framework can be built, one must first appreciate the atmosphere in
which this history developed, in the chaos of the post-World War II years and the
subsequent delicate balance of Cold War politics. Like many regions of the world during
the Cold War, the Middle East became grounds for tension between the U.S. and
U.S.S.R. Professor Abraham Ben-Zvi, who has taught at both Georgetown University and
Tel-Aviv University, wrote that natural resources such as oil and geopolitical placement
made the Middle East an area of interest for the U.S. and the U.S.S.R. Because of the
Arab-Muslim majority in this region, the U.S. Administrations of Truman and
Eisenhower wished to act with care when it came to supporting Israel. Careful diplomacy
influenced U.S. policy toward the Jewish State for many years, and to throw support
behind Israel would mean pushing Israeli adversaries, the Arab nations, toward
Communist influence.47 It is this attitude of caution and hesitancy which begins the
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analysis of the U.S.-Israel relationship, starting shortly before the birth of the Jewish
State.

The Creation of the Israeli State
The turmoil of World War I ended the Ottoman Empire, which led to the
administration of the former Ottoman area by the prevailing European Powers of the
time. Great Britain was one of these European Powers and received stewardship over
“Mesopotamia (modern day Iraq) and Palestine (modern day Israel, Palestine and
Jordan).”48 A mandate was created as a result of Article 22 in the Covenant of the League
of Nations, which states in part:
To those colonies and territories which as a consequence of the late war
have ceased to be under the sovereignty of the States which formerly
governed them and which are inhabited by peoples not yet able to stand by
themselves under the strenuous conditions of the modern world, there
should be applied the principle that the well-being and development of
such peoples form a sacred trust of civilisation and that securities for the
performance of this trust should be embodied in this Covenant.
The best method of giving practical effect to this principle is that the
tutelage of such peoples should be entrusted to advanced nations who by
reason of their resources, their experience or their geographical position
can best undertake this responsibility, and who are willing to accept it, and
that this tutelage should be exercised by them as Mandatories on behalf of
the League.49
The separate mandate which specifically laid out the terms for Great Britain’s
administration of the Mandatory Palestine stresses that Great Britain should “encourage
local autonomy” and create “conditions as will secure the establishment of the Jewish
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national home.”50 Following the intent of this mandate and the intent behind Article 22
above, the stewardship of Palestine by Great Britain had an undefined expiration date.
The League of Nations eventually evolved into the United Nations (UN), which passed a
resolution on November 29, 1947 regarding Mandatory Palestine. This resolution was
meant to officially create two states from the British Palestinian Mandate, one Jewish and
one Arab. This can be seen in Figure 1 below, which depicts the proposed Jewish state in
blue and the Arab state in red. An international zone was drawn around Jerusalem. As
can be seen in this figure, the Jewish territorial allotment in this plan was never
conducive to long-term survival, able to be cut off by the mass of Arab-assigned territory
in the center of the proposed state. This disjointed territorial layout encouraged the
conflicts which would erupt not long after the 1947 signing of the official UN Resolution.
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Figure 1: United Nations Partition Plan (1947)51
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While the UN may have been satisfied with this arrangement, the Arab
population in the region opposed any sort of Jewish state, which sparked attacks by both
the Jews and the Arabs in the Mandatory Palestine region. This fighting continued from
1947 until 1948. Then, on the night of May 13, 1948, Lebanon, Syria, Iraq, Egypt, and
Saudi Arabia attacked the Jewish part of the partitioned territory from both the air and the
ground.52 The next day, May 14, 1948, saw the birth of Israel and the Truman
Administration’s official recognition of the new country.53
From this very first momentous day in the history of Israel, war became the status
quo for the Jewish people, now Israeli citizens, as the Arab-Israeli War of 1948 also
began on this day of recognition. The conflict lasted until February 1949, when Israel and
its neighbors agreed to formal armistice lines. The territory in these agreements changed
the lines drawn by the UN in the original Partition Resolution in 1947, with Israel gaining
territory.54 These territorial changes can be seen in Figure 2 below, with the blue still
representing Israel. In this figure, the red now represents land occupied by Jordan. While
Israel remained physically narrow in some regions, the overall territory had a more
continuous character, with fewer Arab territories scattered throughout.
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Figure 2: Armistice Lines (1949-1967)55
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As part of this Arab-Israeli armistice, the United Nations created an arms
embargo, limiting the weapons allowed to enter the Middle East. This hindered both
Arabs and Israelis alike from amassing military technologies, as well as their European
and Soviet weapons suppliers.56 As the 1948 – 1949 war (called The War of
Independence by Israel) included Arab air attacks on Israel, one can understand the
Israeli plea to the United States for air defense systems, to include the Homing-All-theWay Killer (HAWK) system in later years. The early lack of military parity of Israel with
its Arab neighbors created an atmosphere perfect for what would later be the Israeli
strategic mindset of offensive defense. This feeling of existential peril is the hallmark of
the Israeli mindset throughout its existence, leading to its aggressive security policies,
which will be elaborated upon more throughout this narrative.

The Early U.S.-Israel Relationship
Starting in these very early days of the Israeli state, Truman wished to provide the
Israeli people with “technical and economic aid,” but shied away from providing them
with military or defense support, for fear of angering Israel’s Arab neighbors and risking
strengthening the role of the U.S.S.R. in the region, thus endangering the ability of the
U.S. to access Middle Eastern oil.57 Despite the feeling of peril from Israel which was
strengthened through the 1948 – 1949 war, an agreement between France, the United
Kingdom, and the United States was signed detailing terms for the Middle East arms
trade following the end of the 1949 UN embargo in the region. The agreement, named the
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Tripartite Declaration of 1950, was orchestrated by U.S. Secretary of State Dean Acheson
and his British and French counterparts. These officials agreed that their nations would
sell arms to Middle East nations, but only if these weapons suppliers received the
necessary “assurance” from the purchasing nation that the nation “does not intend to
undertake any act of aggression against any other state in the Middle East.”58 This
declaration resulted in an intensified U.S. hesitancy to sell weapons, including defensive
ones, to Israel. Since Israel could now purchase from France and Great Britain too, the
United States felt no obligation to sell arms to the small Middle East state.59
This hesitancy lasted for several years, but eventually the threat of Israeli military
action in the region became more of a concern than the threat of Communist action.
Because of Israel’s keen sense of survival and outspoken awareness of its existential
threats, the U.S. feared the Israelis might conduct an offensive-defense attack against
Egypt.60 To help avoid this sort of attack U.S. President Dwight Eisenhower
“approved…limited sale of arms to Israel by the French and the British” in 1955 and
1956, despite the desire to limit arms in that area.61 This was in direct response to Czech
weapons sales to Egypt and the concern over possible preemptive Israeli strikes in
response.62 The intent behind these potential strikes would have been to destroy Egyptian
capabilities before they could be used against Israel.
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Despite these weapons sales, the fear of conflict was realized in 1956. Egyptian
President Gamal Abdel Nasser announced on July 26 that the Egyptian government
would nationalize the Suez Canal Company, which was under British and French
ownership at the time. Both European nations were greatly disturbed by this proposed
nationalization, despite offers of Nasser to buyout the company. Nasser’s desire for a
nationalized canal followed the withdrawal of promised U.S.-Great Britain funding for
the Aswan Dam. This dam and the U.S.-Great Britain funding was part of what Nasser
considered a needed Egyptian modernization project, and by nationalizing the canal,
funding of the Aswan Dam project would once again be possible. The U.S. and Great
Britain had earlier retracted their support of this project due to Egyptian endorsement of
communist bloc politics. The United States government attempted to propose a
compromise to Egypt, France, and Great Britain, but the various parties involved rejected
these attempts. The British and French then consorted with the Israelis, who already had
an adversarial relationship with Egypt. As part of a coordinated plan with the French and
British, the Israelis launched a land attack to capture part of the Sinai Peninsula on
October 29, 1956. The British and French applied forces to the conflict shortly after,
under the pretense of keeping the peace between Israel and Egypt.63
In Figure 3 below, the arrows trace the path which the Israeli military took to
occupy the Sinai Peninsula, owned by the Egyptians.
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Figure 3: Israel's Sinai Campaign (1956)64
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Eventually, under pressure from the U.S., France and Britain agreed to a UN
ceasefire in November of 1956. Israeli forces remained in the Sinai region until 1957, but
Egypt gained control of the Canal. While France and Britain ultimately lost control of
this strategically and economically important landmark, the Israelis gained control of the
Straits of Tiran.65 This conflict not only increased Israeli territory but also increased its
military experience, particularly with two of its European weapons suppliers.

A Shift toward (Asymmetric) Partnership
In 1958, Israel changed from being merely on the receiving end of the U.S.-Israel
relationship to providing operational-level assistance to the United States. The so-called
“1958 Jordanian Crisis” is what international relations professor and Middle East
specialist Abraham Ben-Zvi notes as an extremely significant event in early U.S.-Israel
relations. While nations such as Saudi Arabia did not allow U.S. and British aircraft
overflight to Jordan to conduct military action in the face of instability in Jordan, Israel
did.66 Lawrence Tal, an expert on Jordanian security and military affairs, wrote that this
allowance by Israel only came after the United States agreed to support Israel in the case
that its neighbors retaliated against it for supporting Great Britain and the U.S. in
stabilizing the Jordanian regime and therefore consolidating support for the democratic
camp of the Cold War.67 This changed Israel from being merely a nation which shared
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similar values and was not aligned with the U.S.S.R. to being one with geopolitical
strategic importance.68
Shortly after the Jordanian Crisis, “[a] modest military loan program began in
1959” between the U.S. and Israel.69 Despite this increased assistance, the Israeli request
for surface-to-air missiles remained unfulfilled until August 1962. The Israelis began
asking the Eisenhower Administration for the U.S.-developed HAWK in February of
1960. Eisenhower’s response to the Israeli request, though sympathetic to its plight,
remained in the negative. As in the 1950s, the U.S. president stated Western Europe
would be better suited to provide military equipment to Israel than the U.S.70 The fear
which drove this denial was that the U.S.S.R. would provide SAMS to Egypt, should
Israel receive such systems.71
Ben-Zvi purported that U.S. President Kennedy’s eventual sale of the HAWK
missile system in 1962 was a “major turning point” in U.S.-Israel defense collaboration.72
While Kennedy was initially hesitant to sell these systems, not wishing to break with his
foreign policy advisors or with the policies of previous administrations, he eventually
sold the systems to Israel. Ben-Zvi claimed this move was beneficial for Kennedy, who
needed the Jewish vote in the upcoming U.S. Congressional elections in which he hoped
to solidify support for his party. As a means of satisfying all interested parties, Kennedy
used the sale of the HAWK to appease Israel and the Jewish voters in exchange for

68

Ben-Zvi, John F. Kennedy, 13-15.

69

Mark, Israel, 4.

70

Ben-Zvi, John F. Kennedy, 19-22.

71

Ibid., 35.

72

Ibid., 2.

34
Israel’s consideration of repatriating Palestinian refugees into its territory. In this way,
Kennedy hoped to create a feeling of security for Israel, thus lessening its reasons to
preemptively lash out at its neighbors. He also hoped that this compromising approach
would make the Israelis more susceptible to U.S. influence in the Arab-Israeli conflict.73
The HAWK, being a surface-to-air missile system, had the capability to target adversary
aircraft, thus mitigating Egyptian aircraft stationed to Israel’s west.
Not long after, in the new U.S. President Johnson administration, there was a push
“toward a regional arms control regime.”74 From 1965 through 1966, Egypt and the
U.S.S.R. rejected U.S. efforts to create this environment of limited weapons sales. As a
result, the U.S. government “agreed to sell Israel M48A3 tanks, followed by A–4
Skyhawk aircraft in 1966.”75 According to the Office of the Historian at the U.S. State
Department, “The rationale behind these sales, as National Security Council staffer
Robert Komer put it, was that ‘Arab knowledge that they could not win an arms race
against Israel should contribute long-term to the damping down of the Arab-Israeli
dispute.’”76 If there could not be a peaceful and sustainable armistice through soft
diplomacy, perhaps building up deterrence for Israel would create an environment
unfriendly to war.
In 1967, another Arab-Israeli conflict began. According to the U.S. Department of
State, this particular conflict was sparked by a false Soviet tip to Syria and Egypt on
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May 13, 1967. Soviet intelligence indicated that Israel was massing troops on its Syrian
border, which prompted Egypt to send troops into Sinai. Following the removal of UN
troops from that area on May 22, per Nasser’s request, Egypt shut down the Straits of
Tiran, a channel important to Israel’s ability to receive and ship goods. Egypt’s closure of
the Strait therefore posed a strategic hindrance to Israel. Egyptian military buildup in
Sinai and the closure of the Straits was enough to prompt Israeli “preemptive” action
from June 5 to June 10, 1967, in which it successfully countered the Arab coalition of
Egypt, Jordan, and Syria, beginning Israel’s occupation of the Gaza Strip, the West Bank,
Eastern Jerusalem, and the Golan Heights.77 This can be seen in Figure 4 below, with the
dark blue being the territory of Israel and the lighter blue being the territory which Israel
controlled following the 1967 conflict.
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Figure 4: Israel and Israeli-controlled Territory Following Six Day War (1967)78
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While this war may seem as merely another conflict in the long saga between the
Arabs and the Israelis, Samaan suggests that this six-day war is significant because it
“marked the advent of Israel’s military supremacy” in the Middle East.79 Because of this
shift in power, Arab nations focused on building threat systems such as ballistic missiles,
as they were unable to compete with Israel’s Air Force, which had conducted significant
strikes against Egypt’s Air Force in 1967.80 Samaan wrote, “… [I]f Israeli air power was
overwhelmingly superior, Arabs could only bypass their inferiority via missiles.”81 In this
way, one can argue that Israel’s preemptive strategy had the effect of prompting this new
threat to their existence instead of securing it in a permanent way.

The 1972 ABM Treaty: Technology Limited by Diplomacy
Although seemingly a break from the Israeli focus thus far, it would be remiss to
ignore Cold War events which influenced or hindered the development of ballistic missile
defense systems. While Israel was gaining the military advantage in the Middle East, the
U.S. and U.S.S.R. continued their orchestration of the global Cold War. In 1972, the
United States and the U.S.S.R. signed the Treaty on the Limitation of Anti-Ballistic
Missile Systems (also known as the ABM Treaty). Within the treaty, the signatories
stated their intent to slow the staggering pace arms race raging between the two Cold War
powers. It was thought that if ABM systems were developed and fielded, the risk of
nuclear war would be even greater. Without such systems, negotiations and discussions
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would still be possible and countries would not feel the need to develop more deadly
systems.82 Article I, Section 2 of the ABM Treaty states that the signatories are “not to
deploy ABM systems for a defense of the territory of its country and not to provide a
base for such a defense, and not to deploy ABM systems for defense of an individual
region…”83 Article IV allows for ABM system testing by granting each signatory the
right to fifteen ABM launchers at test ranges only.84 In this way, the focus of this treaty is
prohibitive on fielded or deployed ABM, while restricting but not denying testing of such
systems or systems tested in this mode.
Especially relevant to the discussion of U.S.-Israel BMD, Article IX of the ABM
treaty ensures that neither the U.S. nor the U.S.S.R. (later Russia) would deploy such
ABM systems to other States or give them such technology.85 Such verbiage was
important for the signatories, which carried out proxy wars and conflicts in the countries
which they held influence. This was especially important for the U.S.S.R., which had the
NATO alliance on its European doorstep. Although Israel was not focused on the missile
threat at this point, this treaty would have significant impacts on Israel’s BMD systems in
later years and throughout the duration of the ABM Treaty.
While some analysts believe that the big factor countering U.S. BMD
development was the ABM Treaty of 1972, journalist David Mosher believed
technological progress was actually hindered due to budgetary constraints and
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congressional hesitancy. He pointed to THAAD as an example of such hesitancy, as
failures in the program meant funding for its development suffered, while successful tests
meant an increase in funding and support.86 Moser made these assessments in 2000, two
years prior to the exit of the United States from the ABM treaty during the George W.
Bush administration. Moser also indicates that data shows missile defense programs in
the United States had and continue to have higher rates of cost growth, because of the
politicized virtue of the topic, the sense of urgency due to “near-term threats,” and a
severe underestimation of the technological complexity associated with these systems.87
Regardless of the reasons for the U.S. attitude toward BMD, it is important to
recognize the many challenges which these programs have faced in the United States.
Those challenges are reflected in not only the pace of technological development, but in
the ability of U.S. BMD partners such as Israel to use such systems and research. In order
to best understand U.S.-Israel BMD, one must understand the mentalities of both parties
in this asymmetric partnership.

Back to the Arab-Israeli War
Not long after the 1972 ABM Treaty was signed came the next war between Israel
and their Middle East neighbors. This was the 1973 Arab-Israeli War, also known as the
Yom Kippur War by the Israelis and the October War by the Egyptians,88 which took
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place during the U.S. President Nixon Administration. It began officially with an attack
by Egypt and Syria on Israel on October 6, 1973, in which they hoped to regain control of
the Sinai and of the Golan Heights from Israel after a failed offer of peace by Egypt.89
This war raged for seventeen days until a UN Resolution was accepted by Egypt
President Anwar Sadat on October 23, 1973, though small pockets of fighting continued
after this date.90
According to historian Abraham Rabinovich, as cited in an Al Jazeera article on
the war, “Israel lost 2,600 men – killed. Per capita, this is three times the death rate of the
Americans in Vietnam over 10 years. This Israel suffered in three weeks.”91 This war is
yet another part of the Arab-Israeli conflict, which fuels the Israeli strategic mindset. In
particular because the Yom Kippur War was initiated by the Egyptians, this conflict lends
more credence to Israel’s concerns over aggression from its neighbors, particularly after
it had gained regional military supremacy and enjoyed successes in the form of territorial
gains in previous conflicts.
During this 1973 conflict, there were attempts from both the U.S. and the
U.S.S.R. for de-escalation, but an uncooperative Israel led both sides to nuclear-level
tension, which was eased only by the passing and recognition of the UN resolution at the
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end of October.92 Despite or perhaps because of Israel being a main reason for this
tension, the U.S. began providing military grants to Israel starting in 1974.93
Figure 5 below shows how Israel occupied pieces of Syria and Egypt, which it
relinquished following drawing of UN cease-fire lines.
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Figure 5: Israeli Territory Following the Yom Kippur War (1973)94
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Finally Peace? – The 1979 Carter Negotiations
The first official reprieve from hostilities between Israel and its Egyptian
neighbors came in 1979 with the U.S. President Carter-negotiated Israeli-Egyptian Peace
Treaty, which was discussed at Camp David, Maryland. On March 26, 1979, Israeli
Prime Minister Menachem Begin and Egyptian President Anwar Sadat signed a peace
treaty to end the 31 year conflict between Israel and Egypt. The final piece of the
agreement addressed during negotiations regarded the Sinai oil fields, which Israel agreed
to turn over to the Egyptians. While the peace treaty was official, there were still obvious
tensions between the two nations and between the Arab and Israeli peoples. At least a
thousand Arabs protested in Washington, D.C. on the day of the treaty signing, as many
of the Palestinians felt betrayed by Sadat because of the lack of terms regarding an
independent Palestinian state.95
Figure 6 below shows the territorial terms of this negotiation. In this, the Sinai
Peninsula begins to be slowly turned back to Egyptian control, with its military being
allotted specific numbers of troops and battalions in the various colored zones below.
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Figure 6: Territory Following 1979 Negotiations between Israel & Egypt96
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Conclusion
The history discussed here outlines the story of the 1948 creation of the State of
Israel to the 1979 Treaty between the Arabs and the Israelis. This history is one plagued
with animosity and existential crises, played out between parties which find compromise
unacceptable and indicative of failure. The fruit of this conflict was carried into the end
of the Cold War and beyond, encapsulated in an Israeli mindset of survival at all costs
and espoused by a people who are willing to start a war to avoid total annihilation.
During the time discussed in this chapter, a hesitant United States grew into its role as a
global power but was unwilling to risk hostilities with the U.S.S.R., its ideological rival.
Israel was its calculating potential partner, first having its strategic potential realized in
the 1958 Jordanian Crisis.
This chapter sets the stage for the rest of this paper, presenting the reason behind
Israel’s strategic mindset, focused on survival and exercised through offensive attacks on
its most powerful neighbors. The old tongue-in-cheek jail technique to survive while
incarcerated is to beat up the biggest, meanest person on one’s first day in prison. After
that, one is left alone. One could argue that the Israelis came up with this technique,
starting fights early on in order to ensure the survival of its people.
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Chapter 4: Ballistic Threats and Their Use
Threats to Israel in the Middle East - Overview
No discussion of ballistic missile defense is complete without dedicating time
toward the threat which these systems are intended to encounter. In a 1995 speech to the
Washington Institute’s Policy Forum on U.S. theater missile defense (TMD) and missile
proliferation in the Middle East, Lieutenant General Malcolm R. O’Neill summarized:
In the past two decades, hundreds of ballistic missiles have been fired in
anger, nearly all of them in the Middle East. During the 1973 Arab-Israeli
war, Egypt fired a handful of SCUD B missiles against Israeli forces in the
Sinai. Between 1980 and 1988, Iran and Iraq fired between 600 and 1,000
missiles at each other and in 1988, during the “War of the Cities,” Iraqi
missiles killed about 2,000 Iranians and caused life in Tehran to come to a
virtual standstill. During the Gulf War, Iraq launched a total of 88 SCUD
missiles and American lives were lost. Ballistic missiles will likely be
used again.97
This well encapsulates the threat of ballistic missiles and projectiles such as
rockets. It discusses not only what has been operationally used against civilians, but also
what their destructive nature has been. Yossi Arazi and Gal Perel offer a dire warning as
well in 2013 regarding the threat to Israel in their paper for the Institute of National
Security Studies (INSS) at Tel Aviv University. These authors feared that the
technological development of Israel’s adversaries in the realm of ballistic missiles
increased the range of such weapons and made them more accurate in their targeting, not
to mention the inventory growth of these threat nations.98
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Although this section will cover the basic threat systems which Israel’s BMD is
meant to counter, it is beyond the scope of this paper to discuss in depth the geopolitical
and religious reasons for which Israel is targeted by state actors such as Syria and Iran
and by non-state actors such as Hamas and Hezbollah. The basic assumption is that these
actors target Israel, and it is important to understand Israel’s perception of this threat.99
Understanding these threats will also assist in understanding how Israel and the
United States have designed their BMD tests. Rafael Advanced Defense Systems, for
example, has designed its Sparrow series target missiles to mimic Syrian and Iranian
threat systems.100 BMD systems are designed to counter specific threats, so
understanding the threat environment helps to determine which counter-systems might be
effective, and where new technology needs to be developed in order to fit the everchanging need.

Threats to Israel
For the purposes of this paper, threat actors will be broken out into state and nonstate actors. State actors include not only those nations which actively target Israel, but
also those that supply technology to Israel’s adversaries. This section does not address
every threat and every actor, as these factors are constantly changing and evolving.
Instead, this chapter will focus on the major threats and actors necessary for building a
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basic picture of the threat environment and thus prepare the reader for a discussion of
Israel’s BMD shield.

State Actors
As evident in Chapter 3, many of Israel’s neighbors have been party to the ArabIsraeli conflicts that have plagued the region for the past six decades. These nations
included Egypt101 and Iraq, while current state actors which threaten Israel with ballistic
missiles include Iran and Syria.
Iraq is a legacy threat country which has targeted Israel with ballistic missiles in
the past. While Iran is currently the most threatening of the state actors surrounding
Israel, Jean-Loup Samaan suggests that Iraq was the original catalyst for Israel’s BMD
programs. He asserted that Iraq’s attack on Iran from 1985 until 1988 and its attack
against Israel in 1991 using ballistic missiles were the real motivators for this shield.
Israel saw the destruction caused in these attacks and realized the utility of a defensive
capability.102
Iran has one of the most developed ballistic missile inventories in the Middle East
and is arguably one of Israel’s greatest military adversaries in the region. The country has
three versions of the Shahab, the first two of which are believed to be based on Russian
SCUD-B and SCUD-C technology, while North Korean NO DONG technology is
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believed to have influenced the Shahab-3 intermediate-range ballistic missile. Iran
acquired Russian SCUD technology in the 1980s and 1990s. Analysts believe the
Shahab-3 to be able to operationally target Israel and even parts of Europe.103 Iran’s
missile program is believed to be “the largest and most advanced in the region (outside of
Israel) and shows signs of growing sophistication, including the claimed development of
an anti-ship ballistic missile capability, as well as a satellite launch capability.”104
Because of this particular threat, there are analysts who conclude that Israel’s desire for
BMD development instead of a purely pre-emptive strategy spawns from this. Iran’s
weapons were arguably why Israel has invested in systems such as Arrow-2, Arrow-3,
and David’s Sling.105 A diverse BMD shield is intended to counter the diverse threat
missile inventories of all potential and known adversaries.
Syria is another current state threat actor in the Middle East region. The U.S.
MDA warns that Syria presents a regional threat with SCUD missiles, SS-21 SRBMs,
and chemical weapons. Because of these capabilities, it serves as a threat for U.S. assets
in the Middle East, as well as allies such as Israel, Jordan, and Turkey.106 The current
political instability within Syria adds an additional layer of concern for those watching
the Middle East. With a civil war raging on and the increase in international action in this
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area, Syria provides a relatively uncertain threat environment with the potential for
incidents to occur relative to war in general.
Not all countries of concern to Israel are in the Middle East. Russia, while not a
direct threat to Israeli sovereignty, is still important to the discussion of ballistic missile
threats because of the level of technology sharing and weapons sales that it is involved
with. Russia is a threat in the sense that it sells missiles and missile technology to Israel’s
adversaries. It is listed in this paper because of that specific role. The SCUD, for
example, is a Russian-developed system.
North Korea may seem like an unlikely player in this area, but it has a history of
providing missile technology to Middle East adversaries of Israel. It had, for example,
sold Syria the SCUD-B/C in the early 1990s following the collapse of the U.S.S.R. The
North Koreans have also supported the Iranian program, along with China and Russia.107
For almost two decades, from 1990 until the mid-2000s, this small authoritarian regime
also assisted Egypt with its ballistic missile program.108 While this collaboration has
decreased, North Korea is currently developing advanced ballistic missile technology,
which is a major concern to the United States. Considering Israel’s collaboration in BMD
with the U.S., this threat motivator is important to note as well, in that it could influence
the U.S. in its policies regarding BMD and the testing and development of these systems.
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Non-State Actors
In the age of the War on Terror, non-state actors often hold a prime spot in the
mind of everyone from defense experts to the average U.S. citizen. These groups are also
of great significance to the Israeli population, as non-state actor groups pose a ballistic
threat to the Israeli homeland. While these groups generally do not have access to larger
SRBMs, MRBMs, or IRBM/ICBMs, they possess the ability to target Israel with shortand long-range rockets launched from contested areas in and around Israel. Michael
Eisenstadt, director of The Washington Institute’s Military and Security Studies Program,
wrote in his analysis for the American Foreign Policy Council, “…the rocket and missile
threat from the so-called “axis of resistance” (Iran, Syria, Hizballah, Hamas and
Palestinian Islamic Jihad, and Iranian-supported special groups in Iraq) has become more
acute in the past decade,” which includes the mid-1990s until the mid-2000s.109 These
threats, as Chapter 6 will demonstrate, helped to shape Israel’s support for the Iron Dome
system for defense against rockets.
Figure 7 below, taken from the Israeli Ministry of Foreign Affairs page, was
compiled by the Meir Amit Intelligence and Terrorism and Information Center. This
figure highlights the number of rockets fired into Israel from Gaza since the 2006 War
with Hamas. This provides an example of the threat of non-state actors against Israel,
generally in the form of rocket projectiles.
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Figure 7: Rockets Fired into Israel since Mid-2006110

The MDA cautions its readers about the dangers of non-state actors. In a world
with near-constant threat from terror attacks and lone-wolf shooters and bombers, nonstate actors are a major concern. The MDA worries that such actors have not only the
capability for conventional attack, but are also pursuing weapons of mass destruction
(WMD) and ballistic vehicles to carry them with catastrophic effect. They pose additional
danger over state actors in that they are not party to international organizations and the
controls they put in place. Hezbollah was specifically named by the MDA as a danger, as
it has operationally used rockets against the state of Israel.111 Eisenstadt also mentioned,
“During the U.S. occupation of Iraq, the rocket became a signature weapon used by
Iranian-supported special groups such as the Mahdi Army, Asa’ib Ahl al-Haqq, and
Kata’ib Hizballah, against American forces and the U.S. embassy in Baghdad,” and that
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these weapons may or may not still be present in the Middle East and therefore present an
ever-looming concern.112
There are many non-state actors that present a current threat to Israel, one of
which is Hamas. Eisenstadt discussed this growing threat, noting that “[s]ince 2001,
Palestinian forces in Gaza have launched more than 12,800 rockets against Israel.”113
Hamas, according to Eisenstadt, began with “home-made rockets” before acquiring more
complex Iranian systems such as the Grad and the Fajr-5.114 Hamas has proven itself as
not merely a past threat but also as an active adversary, as seen in on-going rocket attacks
into Israel from the Gaza Strip.115
The Lebanese Hezbollah is another non-state threat against Israel. This threat was
proven in the 2006 War when the group used over 4,000 rockets to target the Israeli
homeland. Figure 8 below depicts the impact points of Hezbollah’s attacks within Israel
during the 2006 conflict. While this organization still is assessed to have thousands of
rockets, it is also believed it has training and possible ownership of some SCUD variants
in Syria.116
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Figure 8: Israeli Settlements Hit by Hezbollah (2006)117

“The Second Lebanon War (2006),” Israel Ministry of Foreign Affairs, accessed October 9, 2017,
http://mfa.gov.il/MFA/AboutIsrael/Maps/Pages/The-Second-Lebanon-War.aspx.
117

55
The section above provided the basic framework of the various threat actors
within the Middle East, as well as two non-Middle Eastern suppliers of missiles and
missile technology. Table 3 below illustrates the main types of ballistic threats in the
Middle East from these actors. This table highlights both current and some historic
threats, but should not be considered comprehensive. Rather, it addresses some of the
major threats and major capabilities which Israel intends to counter using their tieredBMD shield.
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Table 3: Current and Historic Threats against Israel by Ballistic Category118
Actor

Rockets

Egypt

Frog-7
Saqr-80

Iraq

Frog-7

Syria

Frog-7

Iran

Fajr
Zelzal
Mushak-120
Mushak-160

Hezbollah

Hamas

Katyusha
Fajr-3
Zelzal-1/2
QassamI/II/III/IV
Fajr-5

SRBM
SCUD-B
SCUD-B-100
SCUD-C
SCUD-B
ASTROS SS-60
Al Fat’h
Al Samoud II
SS-21 Scarab
SCUD-B
SCUD-C
SCUD-D
Fateh-110A
Oghab
Shahin-2
Nazeat
SCUD-B
SCUD-C
Shahab-1
Shahab-2
Shahab-3
Qaim-1
Fateh-110
Fateh-313
Tondar-69
Zolfaghar

MRBM

IRBM

-

-

al-Hussayn

al-Abbas

-

-

Ghadr-1
Ashura
BM-25
Khoramshahr
Emad-1

-

C-802
M-600

Fateh-110

-

-

-

-

Compiled from Janne E. Nolan, “Ballistic Missiles in the Third World – The Limits of
Nonproliferation,” Arms Control Today 19, no. 9 (November 1989): 10, accessed September 24, 2017,
http://www.jstor.org/stable/23624237 and Samaan, Another Brick in the Wall and Kelsey Davenport,
“Worldwide Ballistic Missile Inventories,” Arms Control Association, updated September 2017, accessed
September 24, 2017, https://www.armscontrol.org/factsheets/missiles; This table is not all-inclusive of all
threats and threat actors, but intended rather to give a sampling of the most pertinent threats against Israel
in this area.
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Missile Technology Control Regime (MTCR)
As illustrated in the above sections, many countries and actors in the Middle East
already have missile technology and some are also able to proliferate said technology. In
order to slow the spread of this technology, the Missile Technology Control Regime
(MTCR) was created in April 1987, the brain child of President Ronald Reagan, who
“signed National Security Decision Directive (NSDD)-70 in November 1982.”119 The
purpose of this directive was to begin talks in limiting missile technology proliferation,
which eventually evolved into a missile technology cartel known as the MTCR. The
regime does not have a sponsoring supranational organization, but rather is signed by a
variety of missile-producing nations. This agreement regime is thought to be relatively
weak, but has value in that it spurs discussion among various nations and legislatures
about the importance of responsible salesmanship in this arena.120 As of 2016, there are
35 partner nations in MCTR. These member nations are arranged by year which they
joined the regime in Table 4 below.
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Table 4: MTCR Membership (1987-2016)121
MTCR Membership (1987 – 2016)
Year Joined
Member Country
Canada
France
Germany
1987
Italy
(Initial Regime
Japan
Members)
United Kingdom
United States
Australia
Belgium
Denmark
Luxembourg
1990
Netherlands
Norway
Spain
Austria
Finland
1991
New Zealand
Sweden
Greece
Ireland
1992
Portugal
Switzerland
Argentina
Hungary
1993
Iceland
Brazil
Russian Federation
1995
South Africa
Turkey
1997
Czech Republic
Poland
1998
Ukraine
Republic of Korea
2001
Bulgaria
2004
India
2016

“MTCR Partners,” Missile Technology Control Regime, accessed September 24, 2017,
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The effectiveness of this regime has been largely debated over the years that it has
existed. According to Aaron Karp, a senior lecturer at Old Dominion University and coeditor of Contemporary Security Policy, MTCR has many benefits. He wrote:
Perhaps the greatest accomplishment of the MTCR and the broader missile
nonproliferation regime is creation of a cultural expectation of
nonproliferation. Many missile programs that previously seemed
unstoppable are long gone, and survivors have been slowed sufficiently to
permit neighboring countries to adjust to changing regional dynamics,
especially the introduction of nuclear weapons and delivery systems. As a
result, the international system is much less fragile than it seemed in the
1980s, when the possibility of a single country's— virtually any
country's—dramatic advances in missilery threatened the stability of entire
region.122
Karp mentions several other benefits of MTCR, all of which focus on the
successes it has had with reducing dangerous technological proliferation and by
“narrowing the threat list.”123 If countries do not have access to the technology, it greatly
slows their ability to produce those weapons on their own or to give technological
advances further on to other nations.
Karp also mentions the failures of the regime. He points out that ballistic missiles
did not lose their importance following the creation of this group, but rather became a
sort of status symbol in the international community. The regime also did not bring all
nations into the international community; a state can still remain outside of international
norms, if it so chooses.124 Research fellow Janne Nolan was also skeptical of the regime
when she wrote on the status of missile proliferation in 1989. She believed the regime
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was “not likely to be an adequate foundation for curtailing the global trade in missile or
other sensitive technologies in the long term,” particularly due to guidelines which have
been interpreted differently by the various partners in the regime. At the time, Nolan also
doubted the ability of the U.S. to pull the U.S.S.R. and China into the regime.125 As seen
above in Table 4, Russia joined the regime in 1995.
Despite these reservations and perhaps missteps in the regime over its lifetime, it
has provided a degree of limitation in the arms race. By pumping the brakes on
unhindered proliferation, the culture of careful salesmanship has at the very least been
encouraged.

Utility of Ballistic Missiles
This chapter has thus far framed not only which countries have ballistic weapon
technology, but has also introduced the organ which attempts to limit the spread of this
technology even further. This section will further this framework of threat systems in an
effort to outline why nations wish to acquire such weapons. Some of these reasons were
already alluded to in Chapter 3, when discussing the military superiority of Israel in the
Middle East, and this section will further outline these. This informs the reader of the
motives behind ballistic missile use, understanding of which is crucial for furthering the
discussion of the need, or feeling of the need, for BMD.
With the creative and destructive mind of mankind, ballistic missiles offer a
deadly capability along with the various other military tactics and techniques available to
state and non-state actors. There are several reasons these systems were developed, the
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first of which is cost effectiveness. Ballistic missiles are a cheap way of targeting civilian
populations and delivering a payload over long distances.126 Some authors believe the
Arab world views ballistic missiles as strategic “equalizers” in light of the strong,
expensive military and weapons technology that Israel has developed, received, and
purchased throughout the years. Ballistic missiles allow these nations to reach Israel from
great distances without putting their own militaries and equipment at risk.127 Codevilla
also points out, “…a Scud costs a half-million dollars, compared to ten times that for
second-line attack aircraft; and missiles require much less expense and skill to maintain
and operate than do aircraft.”128 Missiles are much longer in range than guns, which are
more tactical than strategic, but they also are more expensive and more difficult to
move.129 In this way, it is a relative economic advantage to have a strategic asset which
can quickly reach adversary territory while its operators are still packing up to head
home.
Secondly, ballistic threats serve as a means of strategic deterrence. As states gain
the technology, their adversaries and neighbors feel such weapons are a necessity as
well.130 This mentality is arguably a Cold War hold-over, and it plays a particularly
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important role for Israel. As discussed in Chapter 3, Israel has exercised a mentality of
pre-emptive attacks as their neighbors received more advanced technologies and built up
their air forces.131 That same chapter also addressed the Egyptian acquisition of ballistic
missile technology, as Israel gained air superiority in the Middle East. This parity of
deadly effect creates an atmosphere which forces nations to carefully consider their
military and diplomatic options before delivering their own attacks against their
neighbors. In other words, as nations gain technology, others feel the need for their own
advanced weaponry in order to feel safe and protected from attack. By having this
technology, they feel able to dissuade or deter aggressive nations from attacking.
The speed which ballistic missiles deliver their payloads provides a third
attractive aspect for nations. As referenced by Janne Nolan in Arms Control Today, “As
former Strategic Air Command Chief Thomas Powers noted, ‘Because of their
tremendous speed ... ballistic missiles offer a unique advantage to an aggressor who plans
a surprise attack.’”132 A target nation is able to monitor its borders and can easily see an
incoming column of troops, which travel at speeds in tens of miles per hour, when not on
foot. Aircraft can travel hundreds of miles per hour, and some can even go supersonic,
but the return trip of a manned aircraft must be considered in fuel calculations. This
return trip also means that by the time an aircraft delivers its weapons, the target nation
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has time to attempt retaliation and destroy that aircraft with ADA or SAMS. Ballistic
missiles, on the other hand, do not make return trips to their masters. Their one-way
payload delivery makes it so fuel does not need to be spared and detection is difficult and
only for the purposes of potential mitigation (if BMD is available). In these ways, they
are able to deliver deadly effect with little notice and potentially little-to-no ability for a
target to protect itself against that particular incoming asset.
A fourth advantage to ballistic missile inventories is that they are obtainable by
most states with a minor budget and limited technological sophistication. Ballistic
missiles allow smaller, less developed nations to be able to access strategic leverage
which counters the economic and political influence of larger, more affluent states. By
having strategic means of threatening other nations, these poorer nations are able to avoid
pressure from industrialized powers when it comes to trade sanctions or imbalance. The
industrial powers or militarily strong powers will also be less able to influence or control
their “client” states.133 While this disparity between states with power and states without
was more of a factor during the Cold War, vestiges of this system remain in the post-Cold
War world. There remain more economically successful states and less successful ones,
and smaller nations often use ballistic missiles as a means of fighting their way into an
influential status in the international community.
These four factors are important reasons why small or poor nations and non-state
actors pursue ballistic missile capabilities. By having strategic, affordable means of
deterrence and power, these actors are able to exert influence in a world which favors
those with the preponderance of hard power. Ballistic missiles serve as an equalizer in
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some regards in the international community. It is beyond the scope of this paper to
analyze the effectiveness behind this strategy; rather, the descriptive aim of this section is
to point out the reasons for which missile proliferation has occurred, particularly among
the adversaries of Israel in the Middle East.

Conclusion
This chapter outlined some of the basic adversaries and threats which Israel has
historically faced and continues to face. It also introduced the MTCR, as relevant to the
discussion of missile proliferation and the limitation thereof. This regime must be
addressed to best understand the environment in which state and non-state actors are able
to access advanced missile technology and training, as pertaining to international norms.
The threat environment determines what types of strategy a nation takes in combatting
the ballistic missile threat, be it an offensive strategy like Israel has exercised in the years
prior to its missile defense shield or a defensive strategy which embraces BMD
technology.
This chapter also introduced the four main reasons why nations embrace the
acquisition of ballistic missile inventories. Cost, strategic deterrence, ability to deliver
surprise attacks, and the equalizing factor of this technology makes it attractive to actors
which tend to be smaller or have limited funds available to them. The state actors such as
Syria, Iran, and Iraq outlined early in the chapter and the non-state actors such as Hamas
and Hezbollah use and maintain ballistic technology for many of these reasons and
benefits, particularly in the face of Israel’s military superiority in the Middle East.
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The next chapter will introduce the basic BMD systems which Israel has
collaborated with the United States in creating. These systems include the Arrow Weapon
System (Arrow-2 and Arrow-3), Iron Dome, and David’s Sling. This chapter will precede
the discussion regarding the timeline for creating these systems and for the bilateral
agreements which ensured their funding and development.
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Chapter 5: Bilateral Collaboration and the Resulting Systems
Based on the history of tense regional relations and the ballistic threat systems
previously outlined, it is possible to introduce Israel’s current and developing ballistic
missile defense systems. These systems comprise a shield of sorts, comprised of Arrow2, Arrow-3, Iron Dome, David’s Sling, and the U.S.-produced PATRIOT system. This
chapter will focus on the systems which Israel has either developed or produced with the
assistance of the United States and its funding. An introduction of Israel’s strategic
mindset and what Israel looks for when it develops a BMD system will be given,
followed by individual outlines of the Arrow, Iron Dome, and David’s Sling. The chapter
following this one will then delve into the specific history of this development.

The Israeli Strategic Mindset
To best understand how this history leads Israel to eventually endorsing BMD,
one must delve into the effects of these attacks and wars on the Israeli population and on
its politicians. Because of the existential threat to Israel since its first day in 1948, the
strategic mindset of the nation has been one of survival. Israeli politician Uzi Landau
discusses this feeling of being surrounded by “rogue regimes” and contrasts this with the
relative security he believed Europeans enjoy.134 Although Europeans used to feel
threatened by the presence of their Communist neighbor, they had the luxury of knowing
the U.S.S.R. was a state fully incorporated into the diplomatic community and did not
harbor existential hatred for its smaller European neighbors. Israel, on the other hand, has
always been surrounded by hostile neighbors. These neighbors, illustrated in the
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immediate declaration of war in May 1948, have been opposed to the Jewish State since
the beginning of its existence.
Figure 9 below shows the political map of Israel, bordered by Lebanon, Jordan,
Syria, and Egypt. Chapter 3 testified to the difficulties which Israel faced based on its
geography, literally surrounded on all sides by Arab-majority nations which have proven
hostile since its early history.
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Figure 9: Israeli Territory135
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Another reason for Israel’s survival mindset is based on its physical size. Samaan
wrote that the Israelis have always had this mindset because of their “absence of strategic
depth and scarce manpower.”136 The country itself is “290 miles…in length and 85
miles…in width at its widest point,”137 which makes it roughly the size of the U.S. state
of New Jersey.138 Israel, as of 2016 estimates by the CIA, has a population of
approximately 8.3 million people.139 As such, Israel has relied upon offensive doctrines
to fend off adversaries and mitigate their ability to exploit these weaknesses of the small
Israeli state.
Because of Israel’s small population, it is extremely adverse to the loss of its
people, which makes ballistic missiles targeting civilian populations an extreme threat. 140
In an interview with a former Israeli Ministry of Defense Official, Dr. Samaan cited the
official’s assertion, “‘The Iraqi [SCUD] strikes [in 1991] dramatically challenged one of
the intellectual foundations of the creation of Israel as the homeland of the Jews that
would protect them against all persecutions and attacks: the ballistic proliferation
jeopardizes this belief.’”141 These mobile missiles and the mobile rocket threats which
Israel faces not only have the potential to kill civilians, but also have a fear factor
associated with them. As mentioned in Chapter 1, the mobility of these systems increases
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their survivability, and for rockets, their small size makes them difficult to preemptively
find, fix, and destroy.
Alex Altshuler, expert in the field of national emergency responses, wrote, “Since
the Second Lebanon War in 2006, the [Israeli] institutions charged with preparing for
emergencies have focused most of their efforts on different scenarios involving missiles
and rockets.”142 In other words, Israeli thinking has evolved with the changing threat in
the Middle East. While Israel had previously been targeted by neighborhood threats such
as aircraft and ground troops, it is now concerned with the threat of ballistic missiles as
well. To counter this, it attempted to increase its civilian defense force and created a
robust counter-missile umbrella shield as well. This was first seen in the 1980s, when it
signed its first BMD agreement with the United States to begin developing the Arrow
BMD system. Such programs strengthen Israel’s rhetoric claiming strong retaliation in
the face of attacks, as BMD will allow them to see an attack, counter it, and live another
day to keep fighting.143 This development will be the focus of Chapter 6.
Samaan also comments that the Israeli establishment is innately hesitant about
ballistic missile defense, as this defensive mindset is drastically different than its
offensive mindset of the past.144 In a book edited by Arieh Stav, one scholar asserted, “…
[I]n the center of Israeli strategic thinking lies the obligation to neutralize the risk of a
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first strike initiated by the Arabs.”145 In essence, to shift to BMD is to rely completely on
a technology instead of preventative conflict.
Although history, geography, and human psychology provide valid reasons for
ballistic missile defense in Israel, the question remains as to if it is feasible to fund such
projects. A country must be able to pay for such technology, and therefore the costs of
missile defense programs are crucial in any discussion of the concept. In order for missile
defense to be sustainable, it must be affordable. What use is it to have a program to
protect your people if it starves them? The Tamir interceptor for the Iron Dome system,
during the Gaza conflict for example, cost $60,000. When looking at the threat of $600
rockets from Palestine, one must ask if the benefits outweigh the costs. For the relatively
small Israeli population, protecting human life is a significant priority, and therefore
outweighs the expensive interceptors, according to Lt Col Eddie Boxx.146 Uzi Rubin also
claimed one Tamir from Iron Dome was fired for every three threat rockets during
Operation PILLAR OF DEFENSE in 2012, further proving the economic value of the
system.147
As Yossi Arazi and Gal Perel point out, “A study by former head of the Wall
Missile Defense Program Uzi Rubin indicates that while in the [2006] Second Lebanon
War Hezbollah needed to fire an average of 75 rockets to kill one person, the Iron Dome
system raised the ratio so that it now takes 375 rockets to kill one person.”148 These

145

“The Arrow System Concept and Data,” 62.

146

Eddie Boxx, Missile Defense from Gaza to the Gulf (The Washington Institute for Near East Policy,
January 14, 2013), accessed July 30, 2017, http://www.washingtoninstitute.org/policyanalysis/view/missile-defense-from-gaza-to-the-gulf.
147

Dombrowski, Kelleher, and Auner, “Demystifying Iron Dome,” 52.

148

Arazi and Perel, “Integrating Technologies,” 97.

72
authors point out that the planning for defensive supplies assumes a 40 day conflict is the
most likely scenario, the funding for which would be impossible to obtain, they claim.149
It is important to remember the technical complexity it takes to design a missile to
intercept another missile with enough precision to detect the target and effectively knock
it out of the sky. One can imagine the exact timing required to intercept a high-speed
projectile plummeting toward a populated area. This challenge is just one of the reasons
why BMD is more expensive than the threats it is designed to counter. An added
challenge is if the incoming threat has nuclear, biological, or chemical (NBC) payloads,
which even if intercepted, still have the danger of spreading their payload over populated
areas. To add another consideration, even if a nation is able to effectively target those
threats, a country with a large stockpile of ballistic missiles still might be able to
overwhelm the target country’s BMD shield with a large number of threats and still
deliver effects over the area.150
Because of these costs and challenges, it is difficult for countries such as Israel to
invest solely in BMD. This remains a concern for Israel, even today. In an April 2017
Jerusalem Post article, Brigadier General Zvika Haimovich, commander of the Aerial
Defense Division stated:
[T]he threats faced by Israel today “are much more complicated than in
the past,” but added, “They will be met with our newer and more
advanced defense systems. I am sure that David’s Sling as well as the Iron
Dome, Arrow-2 and Arrow-3, will allow us to complete our goals. And I
trust that our soldiers and warriors, that they are making the difference
between us and our enemies.”151
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In other words, despite Israel’s extensive investment and dedication toward
developing a strong, multi-tiered ballistic missile defense program, it continues to
develop and use its military as another level of defense.

U.S. Benefit
One might wonder what the U.S. gains from this collaboration, in a post-Cold
War world, without looming the threat of the U.S.S.R. One of the most direct means of
understanding the U.S. motivation behind this collaboration is to delve into U.S.
legislation, which spells this out.
Public Law 112-239, for example, outlines the reasons for U.S. support to Israel:
Congress— (1) reaffirms its commitment to the security of our ally and
strategic partner, Israel; (2) fully supports Israel’s right to defend itself
against acts of terrorism; (3) sympathizes with the families of Israelis who
have come under the indiscriminate rocket fire from Hamas-controlled
Gaza; (4) recognizes the exceptional success of the Iron Dome short-range
rocket defense system in defending the population of Israel; (5) desires to
help ensure that Israel has the means to defend itself against terrorist
attacks, including through the procurement of additional Iron Dome
batteries and interceptors; and (6) urges the Department of Defense and
the Department of State to explore with their Israeli counterparts and alert
Congress of any requirements the Israeli Defense Force may have for
additional Iron Dome batteries, interceptors, or other equipment depleted
during the recent conflict with Hamas-controlled Gaza.152
Public Law 113-291 details Iron Dome support most specifically. This law
indicates that Congress looks to this system as “an operationally effective and cost-
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effective” system.153 This law also states that the United States is practicing “fly before
you buy,” forcing Israel to prove the operationability of this system before the U.S.
would fully commit to producing it or endorsing its deployment.154 While the Congress
wishes to express its “unwavering support of the people and the Government of the
United States for the security of Israel as a Jewish state,” clauses like the one above show
a degree of self-concern in the field of military technology sharing.155

BMD Shield Requirements
There are several requirements for a “good” BMD system in the eyes of Israel’s
government and Defense Ministry. These criteria come from the actual and perceived
threat environment which is unique to Israel, based on its neighboring adversaries and
lack of strategic depth. Systems must be capable of mitigating all potential threats at a
sustainable cost margin. The system must also be all-weather, something which systems
such as Iron Dome are able to satisfy while the Nautilus laser-targeting program could
not. BMD systems must also have an extremely short intercept time, meaning incoming
targets are intercepted as close to their launch point as possible. This helps ensure lower
collateral damage from pieces of intercepted missiles falling onto populated areas.
Finally, from a practical standpoint to ensure sustainable defense, a system must also
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have the ability to be rearmed in a practical amount of time.156 These are all
considerations which any nation, Israel included, must consider when looking to invest,
develop, and produce BMD systems.
Part of these requirements for a BMD system came from what the Israeli Ministry
of Defense views as the most relevant threats such systems will be required to intercept.
As previously mentioned, the Israeli defense community believes the most likely conflict
against its homeland will last approximately 30 – 40 days “and that every day there
would be about one thousand rocket and missile hits that would cause thousands of
casualties as well as damage to infrastructures and strategic sites.”157 In order to protect
against this rocket and missile threat, Israel has developed its five-tiered missile shield.
Cost is a major consideration in this shield, which is why other programs such as Nautilus
were considered. It is cheaper to operate a laser-based system than pay for additional,
one-time-use missiles, which can be in the hundreds of thousands of dollars. Because of
operational limitations to such laser-based systems such as weather and atmospherics,
however, this program was abandoned, despite the relative cost benefit. Israel required an
all-weather capability, and thus Iron Dome was eventually chosen to complete this fivetiered shield.158
To this point, the threats to Israel have been outlined both historically and
technologically. These threats have real impacts on a nation, particularly one as
geographically and demographically small as Israel. Ballistic missiles have real effects
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such as the potential for “thousands wounded, destruction of infrastructures, and damage
to strategic sites.”159 Because of these threats and the risks associated with them, Israel
chose to develop ballistic missile defense systems. Although it has not abandoned the use
and maintenance of its robust military, it no longer relies solely on the strategy of
preemptive, offensive-defense. It now pairs this strategy with that of ballistic missile
defense, allowing it to safeguard its people and its infrastructure in the face of potential
surprise attacks from hostile neighbors. The systems developed to counter these threats
and the adversaries of Israel are introduced below.

Arrow Weapon System (AWS)
The first system presented here is the Arrow Weapon System (AWS), as this was
the first BMD project which the U.S. and Israel co-developed to operational capability.
There are two main versions of AWS currently in service, Arrow-2 and Arrow-3.160 Both
systems are the result of collaboration between the Israel Aerospace Industries (IAI) and
the U.S.-based Boeing Company. Boeing controls a large American supply chain
spanning twenty U.S. states for this system.161
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Figure 10: Arrow-2162

While Arrow-1 was intended merely as a developmental version of this system,
Arrow-2 was the first operational variant of AWS and targets both SRBMs and
MRBMs.163 Arrow-3 is used as an exo-atmospheric interception system, meaning that it
targets threats while still outside of Earth’s atmosphere.164 This not only helps this system
to intercept longer-range threats, but also ones that may carry an unconventional
payload.165 The warheads are also slightly different on the two operational missiles.
Arrow-2 has “a high explosive warhead,” while Arrow-3 is a “hit-to-kill” system.166 A
high-explosive (HE) warhead is able to intercept a target system without requiring exact
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precision because of the damage its blast radius can cause, whereas a hit-to-kill system
acts as a battering ram of sorts and needs to intercept a threat with extreme accuracy.
Figure 11: Arrow-3167

Arrow is a system co-developed by the U.S. and Israel, but researchers like
Angelo Codevilla purport that Arrow lacks originality and is merely a follow-on system
to the U.S.-developed PATRIOT, improved where the U.S. platform is lacking. He wrote:
The Arrow system’s L-band radar, called “Green Pine”, is everything that
the Patriot’s radar was conceived to be in the early 1970s and more. Its
500 km. range will allow for very early detection of missiles launched
from nearby countries…The Arrow-2 interceptor missile itself flies almost
2.5 km./sec, twice as fast as the Patriot and hence is capable of making
intercepts further away – especially since it gets information earlier, and
an earlier start.168
While the MOU regarding BMD development between the United States and
Israel was signed in 1986, the Arrow series of Anti-Tactical Ballistic Missiles (ATBMs)
began in 1988. The program eventually entailed three separate phases of initial
development.169 Phase 1 of the program was called the “…Arrow development program,
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[and was] intended to validate the Arrow concept and develop the Arrow interceptor
prototype and launcher.”170 Phase 2, known as the Arrow Continuation Experiments
Program (ACES), developed “a single stage Arrow 1 interceptor” that could conduct a
“successful missile target intercept.” 171 From there, the intent of the program was to
create “the two staged Arrow 2 missile.” This phase of the program ended when the
system reached full integration of its systems.172 The last phase of this original AWS
program was the Arrow Deployability Program (ADP). This phase was “…aimed at
integrating the entire Arrow Weapon System (AWS) with a planned User Operational
Evaluation System (UOES) capability.”173 According to an essay on unmanned
underwater vehicles, the authors define UOES as “a Department of Defense acquisition
strategy which puts new military systems into the hands of the war fighter early in the
often lengthy acquisition cycle.”174 In this case, this means seeing how actual military
personnel handle and operate AWS. Further testing continued past these three phases,
improving on the overall performance of the system.
The Arrow Program was not only co-developed by the United States, but funded
by it as well. From 1988 through 2005, AWS received over $1.2 billion from U.S.
legislation.175 This funding mainly focused on the creation of Arrow-1 and Arrow-2,
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while the “upper-tier” Arrow-3 idea was first accepted by a joint U.S.-Israel committee in
October 2007. Development of this more complex, follow-on version of Arrow-2 began
development in early 2008.176
The advent of the AWS marks the beginning of Israel’s shift from an offensivedefense strategy toward incorporating BMD into the strategy to protect its population
from unpredictable state and non-state actors bent on the existential demise of Israel.
Arieh Stav, director of the Ariel Center for Policy Research, shows the importance of this
in Israeli politics:
On 14 September 1998, following a successful test launch of the Arrow,
during which the integrated operation of all the systems was tested (fire
control radar, command and control system, launch control system), Prime
Minister Binyamin Netanyahu declared “As a result of the success of the
test launch of the missile, Israel is one of the few countries in the world
capable of providing its citizens with defense against ballistic missiles.177
Arrow was not officially initially operational capability (IOC) until 2000, two
years after this statement.
This messaging is important for two reasons. First, it shows adversary actors that
Israel has the capability to protect itself. In the event of an attack against Israel, its people
would survive and be able to conduct a counter-attack against its aggressors. Second,
Prime Minister Netanyahu’s remarks publicly comfort the Israeli people, who have lived
in a state of constant threat since 1948. Samaan wrote that although very few Israelis died
in the 1991 SCUD attacks from Iraq, “it caused 15 heart attacks,” and this “psychological
effect of the missile bombardment revealed an urgent need for reassessing Israel’s
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military posture.”178 The AWS allowed for a shift not only in the strategic mindset, but
also in the sense of security which the Israelis would later enjoy following more
successes in this program.

A Note on U.S. Legislation Wording
As previously mentioned, the United States provides Israel funding for BMD
programs via legislative allotments which are appropriated by the MDA (see Appendix 2
for a simple depiction of the funding flow). Despite the support of the U.S. Congress for
Israel, this funding comes with caveats and conditions. Most legislation in this arena
details conditions for transfer of the funds, which are managed by the MDA. These
conditions often detail co-production and technology-sharing requirements for Israel. In
other words, Congress does not want to give funding for free, but rather reap the benefits
of Israel’s “lessons learned” in its U.S.-financed R&D. In this way, Congress is
contracting BMD development, rather than merely altruistically assisting an ally.
In Public Law 114-92, for example, Congress outlines several conditions for the
delivery and use of the money laid out for U.S.-Israel BMD collaboration. The
satisfaction of these conditions require certification by the Under Secretary of Defense
for Acquisition, Technology, and Logistics at least 60 days prior to the delivery of funds
to Israel, though this requirement can also be waived for long-lead components. These
conditions include Israel demonstrating that developmental milestones have been met,
matching the U.S. funding contributions from their own budget, meeting co-production
responsibility sharing that “is equal to or greater than 50 percent,” providing honest
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estimates for inventory needs, and restricting independent sales outside of the
partnership.179 Such conditions force Israel to be an equal partner in this part of the U.S.Israel strategic relationship, though this has not been the case in all aspects of the military
relationship. They also ensure technology sharing occurs, for a nation cannot co-produce
a system without access to the technological specifications of the system. Although this
note and corresponding conditions are under the section of AWS, they have been seen in
legislation regarding other systems, to include David’s Sling and Iron Dome.
The following section will outline the shorter-range Iron Dome system, developed
mainly by Israel and later co-funded by the United States.

Iron Dome
Israel began development of Iron Dome following its successes in AWS. It is
outlined following AWS not because it covers the next tier of threats, but because it was
the next system in the multi-tiered shield which became operational.
Figure 12 below shows what an Iron Dome battery looks like, most easily
distinguished from the Arrow-series in its angular canisters and much smaller interceptor,
known as the Tamir.
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Figure 12: Iron Dome Launch180

Rafael Advanced Defense Systems developed the mobile Iron Dome air defense
system specifically to target incoming rockets, which have historically been launched by
the non-state actors Hamas and Hezbollah. Iron Dome has an approximate intercept range
of roughly 38 nautical miles (43 miles),181 and as such, is classified as a short-range
system. The system fires Tamir interceptors, and its fire control computer is meant to
target rockets threatening populated areas or sites and infrastructure that are considered of
strategic importance. With such target selection, unguided rockets are allowed to fall into
areas that are considered to lack strategic worth.182 In this way, Israel enjoys a degree of
cost savings, but not wasting expensive interceptors on rockets which pose a lesser threat.
Although Rafael initially developed Iron Dome, following the onset of U.S.
funding for the system, Raytheon and its subcontracted companies currently produce
components of Iron Dome, specifically the Tamir missile. This is a success story of the
legislative conditions outlined at the end of the previous section. In an article by Defense
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News’ Barbara Opall-Rome, she lays out some of the statistics about this co-produced
interceptor:
According to [Brigadier General (ret.) Pini] Yungman, [part of Rafael’s
leadership division,] about 75 percent of components for the Iron Dome
intercepting missile — some 55 percent of the U.S.-funded production
budget — is being built in the United States by 27 different American
vendors. “Raytheon is delivering all the subassemblies to us from around
the United States. The Iron Dome interceptor is 75 percent made in the
U.S.,” he said. “It’s almost an American interceptor.”183
Iron Dome enjoys a great deal of press attention as the first operationally proven
Israeli BMD system, particularly when it intercepted its first threat rocket from Gaza in
April 2011. Just twenty months later, in December 2012, it had approximately 400 threat
rocket kills. This system was specifically designed with the 122-mm Katushyas rockets in
mind, but leaves gaps in newer threats, as it has difficulties with more advanced rocket
threats such as the Russian-produced Smerch and Chinese-produced WS-2 rockets.184
Perhaps one of the most famous success stories behind Iron Dome is exemplified
in the story of the “Iron Dome Wedding.”185 While the 1991 rocket attacks induced
deaths from the psychological fear of the attacks, on November 14, 2012, in the middle of
Operation PILLAR OF DEFENSE, it was evident that the Israeli population had
developed a sense of security. On this date, rocket attacks plagued Israel in retaliation for
the assassination of a Hamas leader. Although Israeli citizens were advised to take cover,
and there were rockets actively streaking the sky with the sound of sirens layered with it,
footage has been recorded of wedding revelers continuing to dance and celebrate
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outdoors. This level of unconcerned continuance of life was thanks to the protection of
Iron Dome, which intercepted the Hamas rockets in the background.186 Other historians
have noted, “Some Israelis even ignored air-raid sirens, remaining exposed in the hopes
of photographing an Iron Dome interception.”187 These stories show the extreme success
enjoyed by Iron Dome, providing the Israeli population with a sense of safety under
attack. The 1998 speech of Netanyahu mentioned on page 80 foreshadowed this
experience, which followed over a decade after Arrow had become operationalized.
As mentioned in Chapter 3 and earlier in this chapter, cost is an important
consideration when it comes to BMD. Iron Dome costs around $50 million per battery,
with the Tamir interceptors costing approximately $50,000 to $60,000 each.188 During the
Second Lebanese War in 2006, over 4,000 rockets and missiles were said to have hit
Israel.189 Such an experience for the Israeli people proved the utility of such systems as
the Iron Dome, which became operational in 2011. In 2014, Iron Dome continued its
operational experience, which Israeli media reported to have almost a 90% interception
rate. Then, in 2016, a Golan Heights-stationed Iron Dome successfully intercepted two
projectiles from Syria.190 The more public success which Iron Dome enjoys, the more the
Israeli population will develop a sense of security and trust in these systems, and the
more it will support the cost of additional Tamir interceptors and Iron Dome batteries.
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Iron Dome, when compared with the U.S. PATRIOT, has the advantage of being
relatively cheaper. The PATRIOT’s intercepting missile costs approximately $3 million
per unit, which makes it unfeasible in the face of a barrage of new rocket technology.
Rockets are relatively difficult to hunt for compared with larger missile systems, thus
preventing the SCUD hunts of the past. While the PATRIOT has the ability to intercept
longer-range rockets such as the new WS-2, the cost is too great for a long-term solution.
Iron Dome’s cheaper Tamir interceptors help this issue, but as previously mentioned,
current analysis estimates that the system will be challenged with countering advanced
rocket technology.191 This highlights the issue with BMD, in that all threats are not
covered sufficiently by every interceptor, reinforcing the need for a tiered shield.
Official U.S. funding of Iron Dome began in 2011, though Israel retained the
technological rights to this system initially.192 The beginning of U.S.-Israel cooperation in
Iron Dome technology kicked off in March 2014 with a bilateral agreement between the
nations specifying co-production terms, which included MDA access to Iron Dome
technology specifications.193 Raytheon then became the head U.S.-producer for Iron
Dome production, while Rafael remained the Israeli lead in this project.194 Due to the
2014 Gaza Conflict, the U.S. legislature passed an emergency resolution to supply an
additional $225 million for Iron Dome support. This money was exempt from the co-
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production requirements because of the severity of the crisis.195 By 2015, the U.S. had
spent over $1.3 billion for Iron Dome-related expenses in just four years.196 While this
may seem like a quick ramp up of collaboration, such bilateral cooperation was
normalized through the AWS program.
According to Sharpe, U.S. politicians in the legislature quickly became wary of
the extent of Israeli technological sharing already in FY2015, and therefore required
“more progress…on U.S.-Israeli Iron Dome co-production efforts before funding beyond
the Administration's requested amount [could] be provided.”197 In July 2014, the Senate
Defense Appropriations Subcommittee would only allow $175.97 million for Iron Dome,
with additional funds dedicated upon receipt of a report from Israel stating what the funds
would be used for, as well as a delivery schedule for Iron Dome components purchased
with U.S. funds. The report also stipulated that MDA would receive a report from the
Israel “documenting full and complete delivery by Israeli industry and acceptance by
U.S. industry suppliers of all technical data packages required for U.S. co-production of
Iron Dome.”198 The funds used from FY2011 through FY2015 for Iron Dome mainly
increased the number of operational Iron Dome systems and Tamir interceptors in the
Israeli inventory.199
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Though Iron Dome was not co-developed by the United States with Israel, the
U.S. has reaped the technological benefits of subsidizing and sharing Iron Dome
production. The political skepticism in U.S. legislation regarding Iron Dome illustrates
the eagerness of the U.S. legislature to gain Israel’s knowledge, but also a degree of
mistrust in the relationship. In the midst of Israel’s development of this system, the U.S.
and Israel were already collaborating on their next co-developed system, David’s Sling.

David’s Sling
August 2008 saw the beginning of U.S.-Israel collaboration to co-develop David’s
Sling, also known as the Magic Wand, with the signing of the initial bilateral agreement
for the system.200 The system is meant to fill the gaps in Israel’s BMD shield, going after
short-range ballistic targets and heavier rockets, which Arrow and Iron Dome are unable
to target. Similar to Arrow-3, the Stunner interceptor associated with this system is a hitto-kill missile, which requires more precise targeting in order to take out incoming threats
than missiles with high-explosive warheads.201 According to Raytheon, this interceptor
has the ability to counter 92% of ballistic threat types throughout the world.202 Figure 13
below shows a David’s Sling battery, which has rectangular canisters, similar to Iron
Dome.
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Figure 13: David's Sling Weapon System203

Rafael Advanced Defense Systems and the U.S.-based Raytheon are responsible
for the development and production of this system, which became IOC in early 2017.204
As with Iron Dome, U.S. Public Law dictates that at least 50% of David’s Sling
components will be produced in the United States,205 and in accordance with this,
approximately 50% of its Stunner missile components are produced in the United
States.206 These Stunners have a price point between Iron Dome’s Tamir and the
expensive Arrow, costing approximately $1 million per interceptor.207
This section sought to introduce the three main U.S.-Israel bilateral BMD
cooperation programs in the currently fielded Israeli missile defense shield. The next
section will outline the basic advantages and disadvantages associated with BMD
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collaboration, before moving on to the history of this collaboration and the road which
Israel and the U.S. took in developing and producing these systems.

Advantages and Disadvantages of BMD Collaboration
To this point, the benefits of BMD itself have been addressed, along with the
basics of the systems themselves. One must also know the advantages and disadvantages
of BMD collaboration in order to better understand why countries engage in such
collaboration.
There are many benefits to BMD collaboration, the first of which is
interoperability between different nations’ BMD systems. Interoperability is important in
the creation of an encompassing defensive shield and encouraging technology sharing,
thereby increasing defensive technology capabilities. Such interoperability means that
from launch of a threat system to its intercept, all BMD systems within a shared network
would track the threat and the appropriate system would intercept it. This intercept would
be state-agnostic, focusing only on mitigating the threat, not who is doing the
mitigating.208 This concept allows for increased coverage of territories, relying on the
strengths which various systems provide. As previously mentioned, different systems
with different capabilities are necessary to provide mitigation for an entire threat
inventory. No one system has the ability to cover all threats while providing costeffective intercept capability. Interoperability allows countries to maximize both
efficiency and capability.
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BMD collaboration also increases the chances of survivability for targeted
nations. By having BMD, Israel ensures it is able to retaliate if an aggressor attacks. It
sees BMD as enabling it to deter its adversaries by creating a situation of mutually
assured destruction. If it has reliable defenses which the adversary knows works, the
adversary is less likely to expend missiles in attacking Israel, as it knows it would be a
moot point and that Israel would continue to maintain retaliatory capabilities.209 Lt Col
Boxx points out that not only do BMD systems such as Iron Dome provide a sense of
safety to civilian populations and give states time to consider their options in responding
to attacks, they also have the benefit of persuading regimes such as Iran that their ballistic
missile inventory is impractical and too expensive for the minimal effects it would have
in the face of robust BMD systems.210 This deterrence factor, as discussed earlier in
Chapter 5, comes from the perception of the ability for a counter attack as well, which
means Israel must continue to support its ground forces, despite not needing to rely on
them for offensive defense.
Where there are proponents, there will be skeptics, and BMD is no exception. One
of the factors which stirs up debate against BMD development is the international
political aspect. Many detractors from BMD claim that these systems disrupt the delicate
balance between powerful states with complex ballistic systems. This attitude was
especially prevalent during the Cold War Era.211 An example of this mindset can be seen
in the 1972 ABM Treaty. Those who feared the loss of MAD believed that BMD systems
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would encourage a terrifying weapons race, in which these powerful nations would
continually increase their capacity for deadly effect. Therefore, the debate for or against
BMD technology existed in the political realm.
A second factor rendering the technology controversial lies in the possibility of
possible collateral effects on neighboring states which missile fragments and scattered
payloads might cause. BMD, while attractive for countries such as Israel in protecting its
own population, can be unattractive for its near neighbors. BMD systems attempt to
intercept a threat as close to launch as possible, and therefore farthest away from the
target nation’s homeland. Countries such as Jordan fear that if Israel is able to intercept a
missile mid-flight, the fragments of the threat missile and the intercepting missile might
fall into Jordanian territory. If the threat is conventional, the debris could fall onto
Jordanian population centers or infrastructure. In a worse scenario, if the intercepted
threat had NBC components, the possibility of catastrophic consequences for Jordan
would be greater. By protecting itself, the possibility of Israel accidentally harming third
party countries exists.212 This aspect makes BMD even more controversial in the
international sector, despite the attractiveness of these systems to the protected country.
A third issue surrounding BMD is current systems do not themselves evolve with
each new threat that is developed. Each system has a distinct purpose and a distinct threat
that it was designed to counter. As such, Iron Dome would have limited to no
effectiveness against larger ballistic missiles, which Arrow-3 counters by design. This
means systems must constantly be developed and preemptively solve the problem of

212

Michael Eisenstadt, U.S. Military Capabilities in the Post-Cold War Era: Implications for Middle East
Allies (The Washington Institute for Near East Policy, December 1998), accessed July 30, 2017,
http://www.washingtoninstitute.org/policy-analysis/view/u.s.-military-capabilities-in-the-post-cold-warera-implications-for-middle.

93
potential new threat systems. If development of BMD is predicated on the arrival of new
threat systems, the likelihood of casualties increases until BMD developmental
technology catches up.213

Conclusion
The three programs introduced above make up four of the five parts of Israel’s
advanced ballistic missile defense shield. According to Alex Altshuler, a post-doctoral
research fellow for The Institute of National Security Studies at Ben-Gurion University,
“Israel’s success in this area has saved lives, provided the political leadership with
enhanced executive flexibility, and prevented significant economic damage.”214 Altshuler
sees issues not with the shield’s performance, but rather with having a sufficient number
of system batteries to effectively cover Israel’s territory against all threats.215 To do this,
Altshuler advocates for increased Israeli support in developing its ballistic missile
defense and not relying on U.S. support.216
The previous chapters have discussed the history behind Israel’s mentality of
perpetual existential crisis and the threats pertinent to Israel. This chapter has discussed
the solutions, in the form of BMD, created to counter such threats. The next chapter will
cover the development of these main systems, Arrow-2, Arrow-3, Iron Dome, and
David’s Sling from the introduction of BMD as a viable player during U.S. President
Ronald Reagan’s Strategic Defense Initiative (SDI) era until 2016.
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Chapter 6: U.S.-Israel Missile Defense Development from 1983 to 2016
Introduction – Waves of U.S. Missile Defense Policy
The focus of this chapter is the U.S.-Israel collaboration regarding missile
defense. In order to best orient to this discussion, one must be aware of the phases of U.S.
commitment and policy regarding this topic. In a 2013 article, authors Peter
Dombrowski, Catherine Kelleher, and Eric Auner lay out in their article for The National
Interest what they viewed as the four “waves” of U.S. ballistic missile defense program
efforts:
Wave I: The creation of the Safeguard missile defense system under the Sentinel
Program (1960s) was the hallmark of this phase. This system was an ABM system placed
in North Dakota to protect U.S. ballistic missiles from adversary attack and was limited
to that one site by the 1974 amendment to the 1972 ABM Treaty. It was eventually
decommissioned in the mid-1970s.217
Wave II: This wave is marked by the beginning of the Strategic Defense
Initiative Program (SDI) launched by the U.S. President Reagan administration in 1983.
Here, the authors note, is a focus on theater defense following the end of the Cold War.
Wave III: President George W. Bush’s push toward a “national” defense is the
defining characteristic of this phase. The end of the U.S.’ adherence to the 1972 ABM
Treaty occurred in 2001, also during this phase.
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Wave IV: This is the most recent phase, which began during the President
Barack Obama Administration. There was a modest commitment to national missile
defense, but a renewed attention toward regional or theater missile defense as well.218
These four “waves” are important to the discussion of BMD support and
development on the side of the United States, particularly in its partnership with Israel.
The U.S. faced its own ballistic threats throughout the mid-to-late 1900s, and these waves
highlight the prevailing viewpoints of U.S. administrations over the span of this
discussion. The next section delves into U.S.-Israel collaboration in ABM and BMD
systems.

Missile Defense Development
The story of U.S.-Israel missile defense cooperation begins with U.S. President
Ronald’s announcement of the Strategic Defense Initiative (SDI) on March 23, 1983.
This initiative had the goal of protecting the United States against the nuclear threat,
mainly one posed by the ballistic missile delivery vehicle. Reagan’s vision was that
space-based interceptors or lasers would neutralize the ballistic missile and nuclear threat.
This initiative was thought by some to violate the 1972 ABM Treaty, but Reagan pursued
it nevertheless.219 Israel, keenly interested in countering the ballistic threat for at least a
decade prior to the initiation of its Arrow collaboration with the U.S., welcomed
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Reagan’s invitation to begin developing ABM systems. The initial participating nations
for Reagan’s SDI were the United Kingdom, West Germany, and Israel.220
The U.S.-Israel relationship in the context of SDI began with talks between the
Israeli Research and Development Directorate (MAFAT) and Strategic Defense Initiative
Organization (SDIO) in 1984, though the first BMD agreement was not signed until
May 5, 1986 by U.S. Secretary of Defense Caspar Weinberger and Israeli Minister of
Defense Yitzhak Rabin.221 This agreement began the bilateral research and production of
BMD system that would eventually be the Arrow Weapon System (AWS).222 As
previously discussed, Reagan’s initiatives also spurred the creation of the Missile
Technology Control Regime (MTCR) in 1987, and seven nations joined in this cartel in
order to limit the proliferation of ballistic missile technology throughout the world. 223
Two years after the signing of the U.S.-Israel bilateral agreement on BMD, the beginning
of Arrow development commenced in 1988. In April 1989, a memorandum of agreement
(MOA) was signed between the U.S. and Israel to further develop computer facilities for
use with the Arrow BMD system.224 Less than six years were necessary to begin the
collaboration on BMD between these nations.
In the meantime, while Reagan was building this plan to create a world safer from
ballistic missiles by both limited proliferation of missiles and by creation of defenses
against the technology which already existed, the U.S.S.R. was crumbling. Not only was
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this Communist state the U.S.’ most militarily robust adversary, it was also largely
responsible for the proliferation of missile technology throughout the world. This process
of decay is important to recognize, as the completion of this collapse further transformed
the political and military environment of the world.
After the fall of the Berlin Wall and the implosion of the U.S.S.R., the U.S.
entered into its first post-Cold War conflict on August 2, 1990 when the First Gulf War
kicked off, which would prove the deadliness of the ballistic missile threat.225 This same
year saw the first test of the Arrow system, after years of development and creation.226
Operation DESERT STORM began less than a year later on January 17, 1991.227
One day later, Saddam Hussein launched what would eventually be over 40 SCUDs from
Iraq into Israel.228 These attacks spurred the United States to begin its SCUD-hunting
campaign, as ordered by President George H.W. Bush.229 As AWS was not yet
operational, PATRIOT was the BMD system which guarded Israel during this time.
According to Massachusetts Institute of Technology scientist Theodore Postol, “During
the period of Patriot defense there were 15 percent fewer Scud attacks relative to the
period when there was no defense…yet the number of apartments reported damaged
almost tripled, and the number of injuries from attacks increased by almost 50
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percent.”230 While some scientists at the time considered the PATRIOT to be a failure,
former defense officials reminded the public that the system “was never intended to
defend populated areas.”231 One of the core issues with the PATRIOT defense at this time
was the debris from the incoming SCUDs and the PATRIOT interceptors.232 Two years
later, Israeli defense officials testified that although the U.S. Army claimed a 40%
interception rate, a miniscule amount of threat missiles were actually intercepted, calling
the system “a joke.”233 The controversial performance of the PATRIOT during this 1991
War further justified technological improvements, which AWS was designed to bring.
Just over one month following the Iraqi SCUD attacks, the First Gulf War ended
on February 28, 1991, but the effects of Iraq’s missile attacks were not forgotten.
According to Marvin Feuerwerger, in a piece for PolicyWatch: “Though Israel had begun
work[ing] on the Arrow program, it had eschewed the purchase of Patriots in keeping
with a long-standing Israeli tradition to de-emphasize air defense. What Israeli planners
did not fully foresee was that -- even with conventionally-armed, inaccurate Scuds -- Iraq
could hold an entire nation prisoner in its own homes.”234
With the memory of the Gulf War fresh in the minds of the international
community, July 1991 saw the beginning of Phase 2 of the Arrow Program with the
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Arrow Continuation Experiments (ACES).235 The agreement for this program had been
signed one month earlier in June.236 As previously mentioned, Phase 2 had the purpose of
developing the Arrow-1 and Arrow-2 interceptors.237 The development of Arrow became
ever more important, particularly following the Iraqi strikes earlier in the year.
Israel had a brief reprieve from adversary aggression, but in February 1992, a year
after the Iraqis launched their SCUD attack against Israel, Hezbollah launched its first
Katyusha rockets into Israel in retaliation for Israel’s assassination of Hezbollah leader
Secretary General of Hezbollah Abbas al Musawi.238 This rocket threat was eventually
addressed with the development of Iron Dome, but this was not fully realized and
deployed until almost two decades later.
Fueling hope for the Israeli population, June 1994 saw a successful Arrow
intercept test,239 but it was not until July 30, 1995 that the first successful test flight of
Arrow-2 was conducted. This test focused on Arrow’s propulsion and aerodynamic
controls, but a fully functioning test of the entire system had not been achieved.240
February 20, 1996 continued the testing of Arrow-2, but again, not in the fully integrated
state. Rather, this test focused on Arrow’s focal plane array and booster motor.241 Later
that year, on March 29, the U.S. and Israel signed an agreement for the further
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development of Arrow called the Arrow Deployability Program (ADP), which parsed out
responsibility for development and production of new Arrow technology, to include
means of interoperability with existing systems.242
Recognizing the necessity to target the rocket threat introduced in 1992, the U.S.
and Israel signed an agreement to begin cooperation on the Tactical High Energy Laser
(THEL), also known as Project Nautilus on July 18, 1996. This project was later
cancelled ten years later in 2006, in favor of fully supporting Iron Dome.243 Just one
month later, Arrow-2 successfully intercepted its first test missile on August 20, 1996.244
Yet another successful Arrow-2 intercept test was conducted on March 11, 1997, with
two more tests planned for that year.245
Another important milestone in the U.S.-Israel partnership occurred in 1998 when
the countries signed their first ten-year MOU, which covered Fiscal Years 1999 until
2008. Called the “Glide Path Agreement,” it “represented a political commitment to
provide Israel with at least $26.7 billion in total economic and military aid over its
duration. This MOU gradually phased out all economic assistance to Israel.”246 This
agreement did not contain reference to BMD funding, which remained apportioned
separately in legislation for the MDA to administer.247 That same year, in May, Israeli
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Minister of Defense Yitzhak Moredachai signed a plan to continue U.S. collaboration on
Arrow-2.248 Progress in this program was publicly advertised in the September 14 Arrow2 test against a “simulated SCUD missile,”249 and again on November 1, 1999 when the
U.S. and Israel conducted Arrow-2’s last developmental intercept test. The success of this
test marked the official operational date for Arrow-2,250 it was not until March 14, 2000
that Israel fielded the Arrow system to protect the Israeli civilian population.251 A
September 14, 2000 press release from the MDA discusses the success of an Arrow-2 test
on Israeli soil, “Both [Arrow radar] assets worked according to plan and fulfilled all test
objectives. Analysis of all data is underway to evaluate and confirm results. The United
States and Israeli engineering teams are very satisfied with the preliminary test
results.”252
Because of the success of Arrow-2 in its deployed testing, the U.S. and Israel
were able to begin testing interoperability between the co-developed AWS and U.S.developed systems. The beginning of Operation JUNIPER COBRA and Operation
AUSTERE CHALLENGE was in 2001. While JUNIPER COBRA is held every two
years and AUSTERE CHALLENGE is an annual exercise, both are held for the purpose
of exercising interoperability between the U.S. and Israel and their BMD systems.253
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The end of the 1972 ABM Treaty started in 2001 when on December 13,
President George W. Bush announced the exit of the United States from the treaty. His
reasoning lay in the belief that the treaty “prevent[ed] the United States from protecting
itself against terrorist and rouge-state missile attacks.”254 According to the terms in the
treaty, the U.S. exit from the treaty would be completed six months after notification of
its treaty partner, Russia, in June of 2001. As mentioned in Chapters 2 and 3, this treaty
was what authors such as Codevilla believed was used to “dumb down” missile defense
systems, and therefore forced countries to defend themselves with one hand tied.255
In 2004, Israeli Brigadier General Danny Gold was appointed head of Israel’s
Defense Ministry’s R&D Department. Gold would later spearhead Israel’s unilateral
development of Iron Dome after being frustrated by Israeli political hesitation to support
another missile-based system due to financial concerns.256 At the end of July of that year,
the twelfth Arrow intercept test was successful. According to an MDA press release, it
was conducted in California against a threat that was similar to those seen in Israel, and
“represented a realistic scenario that could not have been tested in Israel due to test-field
safety restrictions.”257 According to defense journalist Wade Boese, capturing this
information a month later in September of 2004, the test was specifically against a
SCUD-type target. His assessment was spawned from an MDA official’s comment on
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August 13, 2004: “[T]he target was a ‘liquid-fueled short- to medium-range ballistic
missile.’”258 Less than one month later, Arrow was again tested, but this time it was not
successful in intercepting its target.259
Following Arrow’s initial development, the beginning of Iron Dome’s
development in August 2005 must be investigated. In this month, Brigadier General Gold
authorized Rafael to begin developing Iron Dome, without authorization from higher
Israeli politicians or officials. Gold began research based on the budget his department
had on hand, as well as contacting private Jewish investors, in the hope of gaining funds
for this project. The saving grace for Iron Dome occurred in 2006 in the face of a rocket
onslaught against northern Israel.260
Less than one year later, on July 12, 2006, Hezbollah launched a combined rocket
and ambush attack against Israel, in which eight Israeli Defense Force (IDF) troops were
killed and two were kidnapped. This launched a major conflict between Israel and
Hezbollah.261 The war lasted for 33 days, ending on August 14, 2006.262 According to the
Israel Ministry of Foreign Affairs, “44 Israeli civilians and 119 [IDF] soldiers were
killed” during this conflict.263 The majority of those civilians who died were as a result of
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rocket attacks, and four of those casualties were from heart attacks associated with the
rocket attacks.264 The Ministry also reported 3,970 rockets total fired from Hezbollah into
Israel, injuring over 4,200 civilians and exposing “over two million people…to the
missile threat.”265 The doubts of Israel’s elite regarding the development of Iron Dome
were then subdued because of the large number of rockets which rained down into
Israel’s territory. The fight for funding continued for several more years, despite the great
need for a system to counter incoming rockets.
Despite this deadly and presently utilized threat, the U.S. and Israel continued
working on Arrow-2, keeping the Iraqi, Iranian, and Syrian threats in mind. In midFebruary of 2007, the two countries announced a successful intercept test using AWS,
this time being the first using an improved launcher. According to the MDA, this was the
thirteenth successful test out of fifteen total tests for the Arrow-2 program.266
Although Israel’s elite had rejected Iron Dome initially, the 2006 conflict changed
the mindset. Luckily, General Gold had continued with the initial designing of the
system, and in February 2007, the Israeli company Rafael officially began development
of Iron Dome.267 A month later, an upgraded Arrow-2 interceptor accomplished a
successful flight-test as part of the Arrow System Improvement Program (ASIP). This
was considered the “14th success in 16 attempts” for Arrow-2.268 In 2007, another
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Exercise JUNIPER COBRA succeeded, during which “U.S. missile defense elements
[were] tied into Israeli architecture via simulation for the first time.”269 That year also
saw the signing of yet another ten-year bilateral memorandum of understanding (MOU),
this time granting a “$30 billion military aid package for the 10-year period from FY2009
to FY2018.”270 Again, BMD collaboration remained outside of the terms of this program,
taken care of by additional U.S. congressional action.271
Samaan wrote that an agreement to develop Arrow-3 was signed in August
2008.272 In September 2008, the U.S. and Israel also signed a new cooperative agreement
to develop and produce a system to target short-range incoming threats.273 The U.S. also
deployed an X-Band radar in Israel that year as well, which extended Israel’s early
warning (EW) air picture and helped Israel view U.S. defense satellites for EW
detection.274 The Arab-Israeli conflict heated up again in December that year with
Operation CAST LEAD, in which thirteen Israelis died.275 This conflict was initiated by
Israeli “in response to markedly increased Palestinian rocket fire following the expiration
of a six-month cease fire on December 19” and resulted in 1440 Palestinian deaths.276
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Interestingly, a 2009 CRS report referenced an Associated Press report at the time
indicated the Israelis might have started the 2008 – 2009 conflict with the hopes of
increasing political traction in support of funding missile and rocket defense systems like
Iron Dome, as well as “depleting the arsenals of its Palestinian militant adversaries.”277
This same report mentioned the hesitancy of some Israeli officials in endorsing Iron
Dome due to the cost associated with it, compared with the cheaper operation costs a
laser-based system would provide.278
To this point, the U.S. and Israel had been co-developing the AWS and Israel had
worked independently on the Iron Dome system. Again, Arrow-2 was meant to cover
MRBM/SCUD-type threats, while Iron Dome was designed to cover the rocket threat.
This leaves a significant gap in the shield, namely the SRBM threat and the
IRBM/ICBM. SRBM threats are too large for Iron Dome to cover and impractical for
Arrow to focus on. David’s Sling provided the technological answer for the two nations,
to fill the gap in the Israeli shield. The IRBM/ICBM shield gap would later be filled by
Arrow-3, but the PATRIOT provided an expensive but currently available and deployed
alternative.
In February 2009, David’s Sling had its first successful test of its Stunner missile
booster.279 On July 22, a test of Arrow was conducted with objective of testing
interoperability with other U.S. developed systems BMDS, THAAD, Aegis, and PAC-3.
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Some interoperability was achieved, but Arrow did not launch due to a “lack of sufficient
test conditions.”280
To fill the long-range gap in capabilities, the United States and Israel signed the
Upper-Tier Missile Defense Agreement on July 26, 2010, which promised to develop
Arrow-3 and share costs of development and production between the two countries.281
Arrow-3’s stated purpose is to intercept weapons of mass destruction (WMD) outside of
the earth’s atmosphere.282 These WMDs include the NBC threats which provide an extra
danger, even if intercepted, as they have the potential to rain their payload upon
population centers. In a report following the 1991 Gulf War by only a few months, one
journalist wrote, “During the war, some Bush Administration officials said there were
serious concerns in the Pentagon and in Israel that an Iraqi Scud missile carrying a
chemical warhead, if intercepted by a Patriot, would spread its poisonous cloud over a
wider area than if the chemically armed missile struck the ground.”283 This precisely
describes the rationale behind the need for an exo-atmospheric interceptor like Arrow-3.
On September 27, 2010, an agreement to reconfirm the continued support of the
U.S. and Israel in developing David’s Sling was signed, following the original 2008
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agreement titled “U.S.-Israel Short-Range Ballistic Missile Defense Project
Agreement.”284 The MDA press release regarding this program boasts:
The David’s Sling Weapon System Project Agreement will advance
efforts to develop an Israeli capability against short-range and theater
ballistic missiles, large-caliber rockets, and cruise missiles. Included in the
project is the continued development of the Stunner Interceptor to provide
lower-tier intercept capability for Israel's multi-layered missile defense
system. David’s Sling will also address the threat posed by the types of
inexpensive and easily-produced short-range missiles and rockets used
during the 2006 Lebanon War, and will also advance low-altitude
intercept technology and provide that technology to benefit U.S. and
Israeli industry.285
This year was not just a year of political agreements and renewed commitments to
new and existing BMD collaborative programs. In the end-of-the-year MDA Selected
Acquisitions Report, the MDA boasted to have “increased our oversight” on Israeli’s
BMD programs and advanced technology in interceptor propulsion and kill vehicle
accuracy. Exercise JUNIPER COBRA was again conducted in 2010, which focused on
practicing interoperability of these systems.286
In 2011, the United States finally joined in funding the Israeli Iron Dome
program. By this time, Iron Dome had already been developed, but Israel needed
assistance in funding the program. Co-production agreements had not yet been signed
and thus the U.S. did not yet have access to this Israeli technology, something that would
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eventually worry the U.S. Congress, which had funded this system.287 In February 2011,
Arrow successfully intercepted a target as part of the ASIP program,288 but the rest of that
year appears to be the year of Iron Dome. In March, Iron Dome became operational,289
and in April the system operationally intercepted its first threat rocket.290 In light of this
success, Iron Dome was operationally deployed to defend three cities in Southern Israel
in October.291
Early February of 2012 saw a successful radar target-only tracking exercise with
the AWS, testing the upgraded Super Green Pine fire control radar. This test also further
practiced interoperability between Arrow and existing U.S. BMD.292 Things heated up in
the Middle East once again in March of that year, when Israel assassinated the
commander of Palestinian Resistance Committee, to which the Islamic Jihad retaliated
with rocket attacks on Israel.293 Eight months later on November 14, 2012, Operation
PILLAR OF DEFENSE began to counter Hamas rocket attacks from the Gaza region.294
Sharpe wrote that during this conflict, “Israeli officials claim that Iron Dome intercepted
85% of the more than 400 rockets fired by Gaza-based militants that were selectively
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targeted based on the criteria discussed above. (A total of about 1,500 rockets were fired
during the conflict.)”295 Figure 14 below shows the number of rockets launched into
Israel during this conflict.
Figure 14: Number of Rocket Hits in Israel during Operation PILLAR OF
DEFENSE296

Later that same month, the Stunner missile was used in its first successful
intercept test with the David’s Sling Weapon System (DSWS).297 Throughout the story of
U.S.-Israel BMD cooperation, it is evident that development of these systems does not
stop, even in the face of the distractions of operational conflict. The focus of tests
between the MDA and Israel in 2012 remained on furthering David’s Sling and the
Arrow Block 4 Weapon System.”298
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Tests continued in late-February 2013, when the first flyout test of Arrow-3 was
conducted from Israel over the Mediterranean.299 Later that year though, on September 3,
2013, controversy met the program on the international stage. On this day, the Israeli
Defense Ministry and the U.S. conducted an AWS test. This test was not previously made
public by Israel’s government, but the Russian state-run media published a story about a
ballistic event, which the Israeli government denied. The Israeli Defense Ministry later
clarified there was not a ballistic missile launch but rather a ballistic missile defense test,
utilizing a Sparrow target missile.300 The United States Pentagon also released a
statement on this day to confirm the test of AWS, indicating that it was planning well in
advance and “had nothing to do with United States consideration of military action to
respond to Syria's chemical weapons attack.”301 Undeterred by controversy, a second
intercept test of David’s Sling was conducted and considered successful at the end of
November 2013.302
The bilateral cooperation began 2014 on a high note, almost a year after the first
flyout test for Arrow-3, by conducting a second flyout test for the advanced system in
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Israel. It was also deemed successful, according to an MDA press release from that
day.303 The Times of Israel also reported this event:
The Arrow 3 is able to target incoming nuclear or conventional missiles at
a higher altitude than its shorter-ranged predecessor, the Arrow 2, Col.
Aviram Hasson told reporters several months ago. “We’re thinking mostly
about the nuclear threat,” he said. The Arrow 3′s high-altitude capability
makes it an ideal counter to nuclear missiles, since the altitude minimizes
the threat of fallout from the missile’s destruction.304
The U.S. and Israel signed an agreement on March 5, 2014 regarding continued
support of the United States to Israel’s Iron Dome program. This agreement also initiated
the U.S.-Israel co-production of Iron Dome. One report cited Operation PILLAR OF
DEFENSE (2012) as proof of operational credibility for the Iron Dome system and
claimed it was a “game-changer” in the eyes of the ever-skeptical Israeli officials. It also
listed continued U.S. support to this program as beneficial for the Israeli government to
“contribute to its defense,” while the U.S. would benefit from the industry associated
with co-production.305
Just a few months later, Operation PROTECTIVE EDGE began on July 8, 2014.
During this conflict, only six Israeli civilians were killed verses the 44 in the 2012
conflict. This portion of the Arab-Israeli conflict ended on August 27, 2014.306 On the
heels of this conflict, an intercept test for Arrow-2 was conducted in September 2014.
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Although Arrow-2 was already considered operational at this point, the official press
release did not specify if the test was successful, but rather stated that it went “as
planned.”307 The media was blunter, calling the test a failure against a simulated Iranian
Shahab ballistic missile threat. As one journalist recalled, “The Arrow’s radar detected
and tracked the incoming target…and launched the interceptor from the Israeli shore. The
Arrow-2 IR sensor acquired the target and navigated to engage it. It flew by the target,
initiating the proximity warhead, but it failed to destroy the warhead.”308 This technical
explanation may not provide sufficient alarm, so this journalist further clarified in the
months following the failure:
While the initial U.S.-Israeli announcement stated that the test results
“have no effect on the Israeli operational system capability,” Aviation
Week has learned that measures were taken to fix the problem in Israel’s
existing arsenal of Arrow-2 interceptors. “Everything was fixed, and this
event is behind us,” the defense source says. An additional senior source
adds, “This is why we conduct tests—to learn about potential problems in
our system.”309
Not long after, on December 16, Arrow-3 also had a failed test in Israel, though
defense organizations considered it more of a “no test.” The same critical journalist from
Aviation Week quoted an Israeli defense official:
“It was a unique target, generating minimal fragmentation and designed to
lower the risk of collateral damage to ships and aircraft traveling in the
area,” the defense source says. “Using the same Elta Green Pine radar as
the Arrow-2, the system detected and tracked the target as it ascended
above the atmosphere. When the re-entry vehicle was separated from the
engine, a malfunction occurred and the test’s directors decided to abort
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and not launch the interceptors. “Conditions were not ripe to conduct the
test,” an Israeli defense statement said.”310
Thus, instead of considering the test a “failure,” it was considered to have never been a
test at all.
In February of 2015, the Israeli Defense ministry claimed to have finally
corrected “a weakness” in the Arrow-2 system which was responsible for the failed
September 2014 test. This test was said by the U.S. MDA to have gone “as planned,” but
the organization was careful not to label it as a success or failure. The Jerusalem Post
quoted Israeli defense officials in explaining this particular circumstance:
The need for the repair became apparent after a test against “a future threat
that does not currently exist in the arsenal of Israel’s enemies” resulted in
a miss, said officials from HOMA, part of the Defense Ministry’s
Administration for the Development of Weapons and Technological
Infrastructure. “Intercepting such a threat requires a significant broadening
of the limits of the system,” the officials said. “The interceptor passed very
close to the target but did not directly strike it. Hence, we could not assess
the overall result.311
The Aviation Week journalist further addressed this September failure and one
that also occurred in December, this time with the Arrow-3 upgrade: “And after months
of vague statements, Israel has finally acknowledged that its Arrow-2 antiballistic missile
system failed a September 2014 intercept test. The Israeli defense ministry also says a
December 2014 test of the Arrow-3 system was aborted due to a malfunction in the target
missile.”312
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The difference in reporting is important to note here. These carefully crafted
defense statements are meant either to pacify a nervous population, one which has placed
a great deal of trust in a new strategic mindset, or as a means of faking strategic
capability to maintain a sense of deterrence before the hostile Middle Eastern neighbors
which surround Israel. When addressing information related to BMD, it is important for
one to note the official sources as well as the media coverage regarding testing and
development because of this delta in wording.
After these months of carefully crafted statements and questions of failure in the
fielded and developmental Arrow programs, April 1, 2015 saw a redeeming win for the
bilateral BMD cooperation when David’s Sling successfully conducted its third test using
the Stunner missile in its four-test series on this day.313 By the end of 2015, Arrow-3
successfully intercepted its first target in a test at an Israeli test range, giving the
collaboration yet another win.314 The Times of Israel published coverage regarding the
Arrow-3 test, not only confirming the success of the test, but also reminding its readers
about the failures of the 2014 tests which revolved around the interceptor not being able
to “lock on to its target.”315 With one last test of David’s Sling in late December, 2015
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ended in success. As part of this, engineers were able to successfully integrate all its
systems and intercept a target.316
This brings the account to the final year of this particular study’s timeline.
Another ten-year MOU between the U.S. and Israel was signed on September 14, 2016,
this time including BMD collaboration in its text. This MOU will be valid from Fiscal
Year 2019 through 2028 and, according to the U.S. Embassy in Israel, “This MOU
constitutes the single largest pledge of bilateral military assistance in U.S. history.”317 A
White House press release also summarized the facts of the MOU, which includes
information on BMD funding, outlining the various uses for the $38 billion package,
including “$500 million in annual missile defense funding,” which the press release said
“exceeds the average level of non-emergency support the United States has provided to
Israel for missile defense over the last five years.”318 The White House further boasts that
FY16 was “first year in which missile defense funding for Israel also included funding
for co-production of these systems– further deepening our missile defense cooperation
with Israel.”319 In his analysis on this MOU for a CRS report, Sharpe wrote that adding
BMD into the MOU “allow[s] the Administration not only to increase the total dollar
amount pledged for Israel in the MOU, but also to plan more long-term for joint U.S.-
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Israel programs in the defense budget.320 It is with this precedent that 2016 closed out in
the field of U.S.-Israel bilateral BMD cooperation.

Conclusion
This chapter outlined the main events surrounding the development of the U.S.Israel missile defense cooperation since its inception in 1983 with the advent of the
Strategic Defense Initiative under Ronald Reagan. Since then, Israel has developed and
fielded Arrow-2 and Iron Dome, while working on the development of Arrow-3 and
David’s Sling with the financial and technological help of the United States. This process
has been marked by careful military collaboration which was mindful of the Cold War
and post-Cold War international environment, all while Israel dealt with the deadly
effects of rockets and missile threats against its homeland. Israel’s threat environment
evolved during this time period, starting with Iraq’s SCUD barrage in 1991 and flowing
into the rocket threat from Hamas and Hezbollah, which continues today. Thus, Israel
operationally proved Iron Dome against the rocket threat, demonstrating its effectiveness
compared to the U.S. PATRIOT which struggled to protect Israel’s population against the
1991 SCUD attack. Although these systems have two different threats which they
counter, Iron Dome’s effectiveness in intercepting incoming rockets in populated areas
vice the PATRIOT’s difficulties in 1991 help both Israeli politicians and the Israeli
population to have confidence in their missile defense shield.
Israel’s strategic mindset shifted from one of solely offensive-defense based off of
the need for survival with adversaries bent on its existential demise to an offensive-
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defense supported by BMD technology. The United States assisted its Middle East
partner in developing this technology, while benefitting from the collaboration and coproduction at the same time. The following chapter will provide some of the advances in
this collaboration and these systems in 2017, continuing on the progress made in the
previous two decades.
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Chapter 7 – Continuing Collaboration
Although the scope of this paper ends in 2016, BMD collaboration continues to
the present day. In January of 2017, Arrow-3 officially became operational and was
handed over to Israel’s Air Force. “The Arrow 3, together with the Arrow 2, which has
been operational since 2000, would ‘significantly reduce the possibilities of ballistic
missiles’ hitting Israel, the [defense] ministry said in a statement.”321 Just a few days
later, David’s Sling conducted its fifth series of tests, which were also considered
successful.322 According to U.S. Missile Defense Agency (MDA) Director Vice Admiral
Jim Syring, “This test campaign is a critical step in ensuring Israel has the capability to
[defend] itself from a very real and growing threat…We remain strongly committed to
supporting Israel’s development of a missile defense system.”323 The Jerusalem Post
reported this event as a “covert trial” and claimed that it occurred over several days under
a “media blackout.” It quoted the Israeli Defense Ministry saying that “‘[t]he success of
the test is part of the development on the future threat deterrence system.’”324
On March 17, 2017, the U.S.-Israel Arrow conducted its first operational
engagement, successfully shooting down a Syrian SA-5 missile. According to The Times

Jeffrey Heller, Reuters, “Israel deploys ‘Star Wars’ missile killer system,” Business Insider, January 18,
2017, accessed August 23, 2017, http://www.businessinsider.com/israel-deploys-star-wars-missile-killersystem-2017-1.
321

“Israel and the U.S. Successfully Complete David’s Sling Weapon System Intercept Test Series,”
Missile Defense Agency, January 25, 2017, accessed August 23, 2017,
https://www.mda.mil/news/17news0001.html.
322

“Israel, US successfully complete tests of David’s Sling missile system,” Jewish Telegraphic Agency,
January 25, 2017, accessed August 23, 2017, http://www.jta.org/2017/01/25/news-opinion/unitedstates/israel-us-successfully-complete-tests-of-davids-sling-missile-system.
323

Noam Amir, “Israel, US hold covert trial for ‘David’s Sling’ missile interceptor,” The Jerusalem Post,
January 25, 2017, accessed August 23, 2017, http://www.jpost.com/Israel-News/Davids-Sling-successIsrael-US-hold-covert-missile-interceptor-trial-479571.
324

120
of Israel, Syria launched three SA-5 missiles at Israeli fighters, which had been
conducting a sortie against a Hezbollah weapons convoy. Of the three missiles, only one
was intercepted by Arrow, causing it to fall into Jordan. The other two missiles landed in
Israel. The Times of Israel report of this event mentioned that SAMS are generally used
as defense against air threats (hence surface-to-air in the name of the system family). It
wrote, “Therefore, it was not immediately clear why the IDF used the Arrow against a
SAM, possibly indicating a misidentification of the type of weapon being fired from
Syria.”325
In early April of 2017, David’s Sling finally became operational.326 Altshuler also
mentions the development of a new system, the Iron Beam. This system is meant to
counter mortars and short-range rockets which Iron Dome is unable to intercept.
Altshuler assessed these particular threats as a concern to Gaza Strip residents, thus
making the Iron Beam another indispensable system in the Israeli air defense shield.327
It has been the goal of this paper to address the history, strategic mindsets, and
goals behind U.S.-Israel bilateral ballistic missile defense cooperation. It is beyond the
scope of this paper to discuss possible or scheduled proliferation of U.S.-Israel developed
and produced systems to other countries. Arrow was looked at by India in 2003,328 and
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Poland is reportedly getting ready to use portions of David’s Sling in its own defense
network.329 These cases of proliferation show the effectiveness and trust which the
international community is placing in these systems, but the focus of this paper is on the
U.S.-Israel collaboration in developing such systems, not in their marketing of such
systems to other nations. Raytheon manages part of the David’s Sling production
program, to include many U.S. subcontractors. It also manages the sales of the Stunner
(sold as SkyCeptor) missile to other approved nations such as Poland.330 Interestingly,
Poland and the United States will negotiate the terms of use for the David’s Sling Stunner
missile in the Polish Wisla system as a bilateral agreement.331

The Future of U.S.-Israel BMD Collaboration
The collaboration between the United States and Israel has a bright future, which
both countries seem invested in ensuring. In September of 2017, the Israeli Defense
Force (IDF) claimed that the U.S. opened “a base within a base” in Israel, as the first
permanent U.S. base in the Israeli state. The U.S. military instead claimed the “basing”
was not that, but instead merely a building opened on an Israeli installation. In any case,
this facility with U.S. troops consists of accommodations for U.S. troops supporting air
defense near Dimona and Yeruham.332
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While the U.S. Department of Defense recognizes the importance of defense
against ballistic missiles, it wishes to develop “multi-purpose systems,” which can be
employed in multiple roles verses defending against threats only.333 This is about cost
effectiveness as well, serving as a means of encouraging Congress and American
taxpayers to invest in systems which can be used in more areas in many ways.
Reaching co-production goals is another topic which requires further review.
According to Defense News in 2017, work is still being done to fully transition from lowrate initial production (LRIP) to full-rate production in the field of interceptor programs.
While these producers are “proud” of the progress their companies are making in making
this transition, the level of satisfaction with said progress will ultimately be determined
by the U.S. legislature.334

Remaining Problems with BMD
While the missiles are often intercepted, there is the danger of debris from the
incoming threat as well as the intercepting missile damaging property and injuring
people.335 Ballistic missiles can carry a variety of warheads, to include conventional,
chemical, nuclear, and biological. There is still the risk that if a ballistic missile is
carrying a nuclear, biological, or chemical (NBC) warhead that the defensive interceptor
will impact the missile and the agent in the warhead will still spread. Because of this,
nations such as the United States and Israel have worked to create systems like Arrow-3
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which intercept incoming, long-range missiles while they are still in the upper-to-outer
atmosphere.
David Mosher points out several additional challenges related to missile defense,
including technological difficulties associated with intercepting missiles and the high cost
of development. He discussed some of the types of ABM interceptors, such as nuclear
and hit-to-kill. Among nuclear interceptors, while they may be able to knock out an
incoming threat with a blast radius, there remains the challenge that they would still need
to detonate within several hundred meters to a few kilometers in order to effectively take
out the threat. New hit-to-kill systems require even greater precision, needing to have the
timing and navigation to actually impact the threat missile in flight. This is essentially the
concept of shooting a bullet out of the air using another bullet. These technological and
operational challenges, Mosher argued, are compounded by the political challenges faced
by programs attempting to develop and field these systems. When such programs become
expensive or have difficulties with successful testing, they become politically unpopular
and in turn may come to lack sufficient support and funding.336
With cost playing such a large role in political support to BMD programs, it
makes sense for the U.S. to support Israel’s efforts in BMD development. While the
United States has had little incentive to develop and built such systems due to lack of a
near threat, Israel has had the constant threat and pressure to develop such systems. U.S.
funding of such systems allows Israel, a country willing to accept more failure in such
projects with the view of future success, to work on this difficult technology. The United
States essentially pays Israel to do the cost-risky development while learning from the
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technological failures without the political repercussions. This allows U.S. politicians to
support a democratic partner in the Middle East while receiving the information gleaned
from this research and development. It provides a cheaper way of obtaining this
information. Congress can claim it supported an ally, all while reaping the benefits of
technology sharing.

Final Thoughts
While the Israeli population has developed a degree of comfort with the help of its
missile defense shield, it is unlikely that Israel’s strategic mindset will ever completely
shift from its previous ideology of offensive-defense to reliance on its shield. Rather,
Israel will continue to preemptively approach defense problems, using its missile defense
systems as a means of last layer of defense for their homeland.337 The collaboration
between the United States and Israel has benefited both nations. While Israel has gained
technological capabilities and a well-stocked inventory thanks to the U.S.’ financial and
technological support, the U.S. has gained operational testing and technology from Israel
as well. This David-and-Goliath relationship shows what can happen when two disparate
powers come together. As a result, Israel’s population is safeguarded and the adversaries
of both Israel and the United States must now carefully weigh their military options
before employing their missile inventories against these nations.
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Appendix 1: Acronym List











































ABM: Anti-ballistic Missile
ACES: Arrow Continuation Experiments Program
ADP: Arrow Deployability Program
ASIP: Arrow System Improvement Program
AWS: Arrow Weapon System
BMD: Ballistic Missile Defense
BMDO: Ballistic Missile Defense Organization
CRS: Congressional Research Service
DSWS: David’s Sling Weapon System
EW: Early Warning
HAWK: Homing All-the-Way Killer
HE: High-Explosive
IAI: Israeli Aerospace Industries
ICBM: Intercontinental Ballistic Missile
IDF: Israeli Defense Forces
INF: Intermediate-Range Nuclear Forces
INSS: Institute for National Security Studies
IOC: Initial Operational Capability
IRBM: Intermediate-Range Ballistic Missile
LRIP: Low-rate Initial Production
MAD: Mutually Assured Destruction
MAFAT: Israeli Research and Development Directorate
MDA: Missile Defense Agency
MOA: Memorandum of Agreement
MOU: Memorandum of Understanding
MRBM: Medium-Range Ballistic Missile
MTCR: Missile Technology Control Regime
NBC: Nuclear, Biological, Chemical
NATO: North Atlantic Treaty Organization
PATRIOT: Phased-Array Tracking Radar to Intercept on Target
PAC-3: PATRIOT-3
R&D: Research and Development
SAMS: Surface-to-Air Missile System
SDI: Strategic Defense Initiative
SDIO: Strategic Defense Initiative Organization
STSS-D: Space Tracking Surveillance System-Demonstrator
SRBM: Short-Range Ballistic Missile
TBM: Tactical (Theater) Ballistic Missile
TBMD: Tactical (Theater) Ballistic Missile Defense
THAAD: Terminal High-Altitude Area Defense
THEL: Tactical High Energy Laser
UOES: User Operational Evaluation System
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USAF: United States Air Force
WMD: Weapons of Mass Destruction
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Appendix 2: Funding Paths – U.S. to Israel

U.S. Congress

Appropriations
via Public Law

U.S. Missile Defense
Agency (MDA)

State of Israel

Israeli Defense
Ministry

Israeli Missile
Defense Organization

Arrow

Iron Dome

David’s Sling

Israeli Aerospace
Industries (IAI)

Rafael Advanced
Defense Systems

Rafael Advanced
Defense Systems

The Boeing Company

Raytheon Missile
Systems
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Appendix 3: U.S. Appropriation to Israeli BMD from Public Law (2011 – 2017)
Legislation
Public Law
111-383338
Public Law
112-10339
Public Law
113-235340
Public Law
112-239341
Public Law
113-6342
Public Law
113-291343
Public Law
113-66344
Public Law
113-76345

Total
Funding

Iron Dome

SRBMD

Upper-tier

ASIP

-

$205,000,000

-

-

-

$415,115,000

$205,000,000

$88,722,000

$58,966,000

$66,427,000

$619,814,000

$350,972,000

$137,934,000

$74,707,000

$56,201,000

-

$211,000,000

$479,736,000

$211,000,000

$149,679,000

$74,692,000

$44,365,000

-

$350,972,000

-

-

-

$220,309,000
+
$15,000,000
for coproduction

$117,200,000
(DSWS)

$22,100,000
(Arrow-3)

$33,700,000

$235,309,000

$149,712,000

$74,707,000

$44,363,000

$283,782,000

$504,091,000

$168,000,000
(DSWS, Arrow-3, ASIP)

338

Ike Skelton National Defense Authorization Act for Fiscal Year 2011, Public Law 111-383, U.S.
Statutes at Large 124 (2011): 4173, https://www.congress.gov/111/plaws/publ383/PLAW111publ383.pdfx.
339

Department of Defense and Full-Year Continuing Appropriations Act, 2011, Public Law 112-10, U.S.
Statutes at Large 125 (2011): 73-74, https://www.congress.gov/112/plaws/publ10/PLAW-112publ10.pdf.
340

Consolidated and Further Continuing Appropriations Act, 2015, Public Law 113-235, U.S. Statues at
Large 128 (2014): 2271-2272, https://www.congress.gov/113/plaws/publ235/PLAW-113publ235.pdf.
341

National Defense Authorization Act for Fiscal Year 2013.

342

Consolidated and Furthering Continuing Appropriations Act, 2013, Public Law 113-6, U.S. Statutes at
Large 127 (2013): 314, https://www.congress.gov/113/plaws/publ6/PLAW-113publ6.pdf.
343

Carl Levin and Howard P. “Buck” McKeon National Defense Authorization Act for Fiscal Year 2015.

344

National Defense Authorization Act for Fiscal Year 2014, Public Law 113-66, U.S. Statutes at Large
127 (2013): 713-714, https://www.congress.gov/113/plaws/publ66/PLAW-113publ66.pdf.
345

Consolidated Appropriations Act, 2014, Public Law 113-76, U.S. Statutes at Large 128 (2014): 122,
https://www.congress.gov/113/plaws/publ76/PLAW-113publ76.pdf.

129
Public Law
113-145346
Public Law
114-113347
Public Law
114-2943348
Public Law
114-92349
Public Law
115-244350

-

$225,000,000

-

-

-

$487,595,000

$55,000,000

$286,526,000

$89,550,000

$56,519,000

-

$62,000,000
(for Tamir)

-

-

-

$267,595,000
(for R&D)

$41,400,000

$150,000,000
(DSWS)

$600,735,000

$62,000,000

$266,511,000

$15,000,000
(Arrow-3)
$204,893,000
+
$120,000,000
for Arrow-3
co-production

$45,500,000

$67,331,000
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Appendix 4: Literature Review
The author of this paper attempted to provide a survey of appropriate sources of
literature in the course of research, which by the nature of this topic must include sources
which are not only unbiased, but those in which the authors share their perspectives and
attempt to sway readership. In some cases, this sheds light on the difference between
information published by the governments involved in missile defense tests and the
media reporting on the events which have taken place. To best portray these differences,
a variety of sources were presented in this paper. This literature review serves as a means
of providing the author’s comments on the various types of sources used and their utility
to the discovery of this topic.

Primary Sources
A variety of primary source documents were used in this thesis, to include news
articles, government press releases, treaties, speeches from U.S. officials and legislation,
statements from Israeli officials, and information from weapons producers. Speeches
from the heads and deputies of the Ballistic Missile Defense Organization (BMDO), for
example, were used primarily to note the major accomplishments of the organization and
to increase awareness of the overall BMD timeline. These speeches also provided rich
insight into the stance of the organization and the U.S. government through official
channels on the more important ballistic threats faced by the U.S. and its allies, as well as
the means by which this military organization wished to counter said threats. The sections
which follow outline the utility of some of these sources, particular to an understanding
of the U.S.-Israel BMD relationship.
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Legislation
U.S. legislation (summarized in Appendix 3) furnished plentiful information
regarding the funding aspect of BMD on the part of the United States. Legislation was
only evaluated if it reached public law status, and only years 2011 through 2017 were
viewed. This timeframe was used due to the accessibility of the material which was to
provide a snapshot of what “standard” BMD collaboration legislation reads like. While
many other bills and resolutions on this collaboration and the overall U.S.-Israel
partnership were presented before Congress, the ones researched for this paper were only
those that made it into full effect, as they are the ones which ultimately had real impact
on BMD development.
Apart from the purpose of providing metrics, these laws also described the
reasons why the U.S. supported Israel in these endeavors, to include technological
sharing and support of a strategic ally. Despite these written intentions, the legislation
highlighted a tone of mistrust on the part of the U.S. Congress as well, specifying in great
detail the funding conditions and technological sharing requirements which must be met
by Israel. Sections which contained such conditions and such a tone were included in
Chapter 5, to best provide the reader with a sense of the collaborative atmosphere. While
legislation is innately political, the study of international relations and collaborative
relationships must address sources which contain these under- and overtones. This source
type was also not used as a centerpiece of this paper, as funding is the main vehicle for
this collaboration but it provides a weak narrative on its own. Instead, the author chose to
include it in an appendix to show the magnitude of this support and the frequency of
which it was renewed.
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Government Reports
Government reports provide valuable insight into the workings of official
organizations, as well as the public mindset which those organizations and
administrations try to portray. The MDA provides several budget reports and annual
reports on its activities, which outline the funds used for BMD and the progress made on
certain programs. Due to the nature of these reports relating to national security and
military systems, they are often vague in their descriptions of technical progress. Some of
the reports referenced in this paper included MDA Fiscal Year Budget Estimates,
Ballistic Missile Defense Review Reports, and Selected Acquisitions Reports.
MDA press releases were another important part of this research. These press
releases provided a useful look into the developmental process for BMD. The MDA often
published releases which described the basics of BMD tests for various systems, to
include where the test was conducted and what type of equipment or technology was
being tested. Again, these reports are rather vague in nature, but provide information
regarding BMD timelines and other insights nevertheless. For example, one is able to
compare these agency reports with those from media outlets published around the same
time in order to discern the fact from the rhetoric surrounding these tests. Often news
sources will report more information than the official press releases, and while the MDA
will write more diplomatically, news outlets tend to explicitly call out BMD tests which
are unsuccessful.
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Treaties
As with state-level documents, bilateral and international treaties contribute
greatly to the understanding of cooperation in the field of BMD, particularly relating to
its limitations. The ABM Treaty of 1972 is a prime example of this. Many authors and
scholars refer to the ABM Treaty as a BMD limiter, as it restricted the U.S., the country
in the best technological and financial position to further this field, from developing
systems to their full capacity (see Codevilla). As this is a document which many authors
choose to reference and interpret, it helps to read it oneself. The treaty, along with the
INF Treaty of 1987 and the SALT II Treaty of 1979, also serve as a basis for defining the
capabilities and international understanding of various concepts. For example, these
treaties defined the ranges of different ballistic missiles and of what technologies were
allowed or prohibited. It was these definitions which often shaped which technology was
developed, and therefore which layers of protection countries like Israel could enjoy.

News Articles
The news has the ability of being both a primary and secondary source at the
same time. While it provides facts on events such as missile tests and records the
thoughts of politicians, defense officials, and weapon producers, the journalists
associated with these news sources often interject their own feelings and ideas into their
pieces. For the sake of this paper, a variety of news sources were used in order to garner a
variety of perspectives. Despite this, the sources did not vary greatly in tone when
considering these topics, and the disparity lay more in government sources verses news
sources instead of between news sources. U.S. sources such as The New York Times,
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Business Insider, Aviation Week, and Defense News were used. Israeli news sources
included The Jerusalem Post, Jewish Telegraphic Agency, and The Times of Israel. Other
agencies were also used such as BBC News, The Algemeiner, and Al Jazeera. Most of
these sources focused on providing historical perspective regarding the various missile
defense tests which occurred or in obtaining the comments of Israeli officials regarding
these systems. Al Jazeera was arguably more balanced than many of the U.S. and Israeli
sources, as it often gave both the Israeli and Arab names for conflicts. The U.S. and
Israeli sources often presented Israeli-recognized names only.

Secondary Documents
A broad survey of secondary sources was used in the writing of this paper. These
sources provided rich analysis of this complex topic, and helped to inject discussion into
the topic of BMD. It was first in perusing these sources that the author came upon
scholarly discussions regarding the use or non-use of defensive systems, as well as the
tone of scrappy Israeli survivalism. Some of these sources focused on a historic
perspective to show catalyzing events such as in the case of historian Abraham Ben-Zvi,
while others laced their view of history in political prescriptive, attempting to sway
readership in supporting additional funding for Israel’s BMD. Congressional Research
Study (CRS) reports tended to be more analytical as a whole, while journal articles and
books tended to be more overt in their bias.

135
CRS Reports
Congressional Research Service (CRS) reports used in this paper were harvested
from the Federation of American Scientists website, as these reports are generally written
at the request of and for the use by the United States Legislature and not released on
public websites. They are generally well-researched and very pointed toward a specific,
though not narrow topic area. Clyde R. Mark and Jeremy M. Sharpe were the two CRS
scholars used in these reports, which covered a publication timespan from 2005 to 2016.
Both of these men focused on explaining the relationship between the United States and
Israel with respect to the U.S.’s financial support to the small, Middle East nation. These
reports are secondary source material, as they compile information from a wide variety of
historic sources and legislation themselves. The author of this paper used CRS reports for
the sake of tracking U.S. funding metrics and U.S. Congressional strategic reasons for
supporting Israel. As these reports were used directly for U.S. government consumption,
they were considered to be a credible secondary source with limited bias. Based on the
content provided by Mark and Sharpe, the overall CRS reports were noted to be relatively
impartial and in depth summaries, perfect for consumption by a Congressional staffer, but
certainly too long to be read in whole by a member of the Legislature.

Books
Several books were helpful in the endeavor of writing this thesis, particularly
because the political nature of some of these texts proved their value in understanding the
various attitudes toward this controversial topic. Along this vein, it is difficult to find
published book sources which lack a strong agenda regarding the funding and creation of
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the various defense systems and policies presented in this paper. For many Israelis who
have grown accustomed to the constant threat from neighbors such as Hamas, Hezbollah,
and Iran, the idea of living without ballistic missile defense systems is preposterous. Cold
War analysts studying the United States often fall either into the category of those who
see the benefits of a defense shield or those who believe such a shield dismantles the
security provided by MAD. Many of the authors in Arieh Stav’s book Ballistic Missiles:
The Threat and the Response leaned toward the side of supporting Israel’s BMD. Further,
authors such as Angelo Codevilla, are of the opinion that it is also the responsibility of
the U.S. to support and assist in the BMD development process. Understanding these
perspectives helps readers to imagine the complexity of the Israeli situation and strategic
mindset.
Abraham Ben-Zvi, on the other hand, focuses his book John F. Kennedy and the
Politics of Arms Sales to Israel less on a platform of supporting or refuting a political
stance, but rather pursues the evolution of U.S. weapons sales policy to Israel. Ben-Zvi’s
main thesis was that Israel’s relationship with the U.S., though begun in 1948, reached
levels of strategic partnership first in during the Jordan Crisis in the 1950s and then came
to fruition in military weapons sales when Kennedy allowed the sale of HAWKs to Israel
in 1962. This historical perspective toward the U.S. relationship with Israel helps readers
to understand the complex political implications of U.S. support to Israel during the Cold
War and how each U.S. administration from Truman to Kennedy evolved and built upon
its predecessors. Ben-Zvi explained these concepts while avoiding polarizing normative
statements regarding the relationship, allowing easy dissection of key events for further
use and analysis.
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The Weapon Wizards: How Israel Became a High-Tech Military Superpower,
published in 2017, also uses the historical perspective to describe Israel’s rough road
toward military supremacy in the Middle East. It developed a narrative spanning from
Israeli manufacturing of bullets in the basements of secret facilities in the 1940s to
launching its own indigenous satellites. The authors, Yaakov Katz and Amir Bohbot, two
Israeli defense reporters, also detail the story of Iron Dome’s development. They show
how Israeli General Daniel Gold’s innovation, foresight, and creative fiscal management
enabled the development of this defensive system despite a lack of support for this
development within the Israeli government. This historical piece is obviously biased, as
the authors seem to root for General Gold and the Israeli “chutzpah” in their text, as the
General fights against the government doubters. This book nevertheless provided an
insightful perspective on this one system which Israel developed on its own and later
coproduced with the help of the United States and its money. Katz and Bohbot also
provided an excellent recounting of the atmosphere surrounding the Israeli population
throughout this weapons development history, something difficult to glean from primary
source documents like treaties and legislation.
Jean-Loup Samaan’s piece for the U.S. Army War College, while taking a stance
on BMD, took a different position than the other authors thus far presented. He presented
a historical perspective on Arrow, Iron Dome, and David’s Sling, but also addressed what
he considered to be several misunderstandings regarding BMD which naturally occurred
along with support for these systems. He presented four such misunderstandings for the
consideration of his readers, which included an overly enthusiastic interpretation of the
capabilities of these systems, confusion about the effectiveness of its “deterrent effect,”
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the affect these systems had on the Israeli strategic mindset, and an overextension of
these systems’ ability to satisfy the needs of NATO.351 Samaan’s piece, as mentioned in
Footnote 26, showcased an approach similar to that of the author of this paper. While
Samaan presented what he believed are misunderstandings which arise from the history,
the author of this paper sought rather to use the history to explain the Israeli mindset and
how the U.S.-Israel relationship has evolved since its beginning.

Think Tanks
Articles from several think tanks were important in influencing the analysis in this
paper. Several were taken from the Institute for National Security Studies (INSS), an
Israeli-based think tank which claims it is focused on influencing Israeli politics and
public opinion. Alex Altshuler, for example, wrote on the topic of emergency
management in Israel, in which he covered not only missile and rocket attacks but
stabbings and earthquakes as well. Altshuler sees BMD as a positive addition to Israel’s
emergency management, lauding Iron Dome and David’s Sling efforts while introducing
prospects for Iron Beam, the Israeli laser-based system mentioned in Chapter 1.352
The Washington Institute for Near East Policy had several pieces pertinent to the
discussion of BMD as well. This institute expects to influence U.S. policy in the Middle
East. Many of the short articles showcased by this Institute provided snapshots into
various scholarly discussions on BMD from experts in the field and from politicians who
stand on the BMD platform. Moshe Arens, an Israeli engineer and politician, also wrote a
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piece re-published by The Washington Institute which outlines several threats to Israel’s
security, including ballistic missiles. He claimed the development of BMD is “essential”
and claimed that programs such as Arrow require “continued and increased support.”353
Michael Eisenstadt was also a prolific writer for The Washington Institute, focusing on
the Middle East and its reactions to BMD. He wrote about the proliferation of threat
missile systems for the American Foreign Policy Council as well, further elaborating on
the ability of Israel to defend against these threat systems with the help of the U.S. and
discussing the building up of defenses overall in the Middle East. Eddie Boxx wrote in
support of BMD as well during his research fellowship at The Washington Institute,
focusing on the operational level perspective, discussing BMD exercises, and suggesting
means for improving related strategies for this field.
The RAND Corporation also has several pieces on this topic. David Mosher, for
example, wrote on the costs associated with BMD and the link of funding to politics and
the perception of a close threat. He discusses how technological failures and setbacks can
quickly dissuade politicians from supporting these programs, but also gives prescriptions
to politicians about means of approaching and understanding this field without giving up
hope on the potential success of these programs.354
These various think tanks, while clearly biased in their recommendations and
perspectives, helped to orient the author to the pertinent discussions in this field and to
find useful source material. By understanding what these scholars used in their research,
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a baseline curriculum can be formulated for any student interested in BMD and U.S.Israel collaboration.

Websites
Websites provide useful means of procuring information because of their
accessibility and because of the ability of individual authors to share information. A wide
variety of official and unofficial websites were used for the purposes of this research.
One of the most important resources were official government websites. The U.S.
Department of State and the Office of the Historian, for example, have a trove of
historical events compiled from the view of the United States, which includes tidbits of
information prevalent toward the perspective of U.S. diplomatic decisions during those
time periods. This information cache was used primarily to develop a background
historical perspective regarding the events surrounding the Arab-Israeli conflict and the
development of U.S. interest in BMD during the Ronald Reagan era. The Israel Ministry
of Foreign Affairs also maintains a robust collection of Israel’s territorial maps, which
chart the progression of Israel’s land possessions since its creation. The casualty metrics
on this site were also important, showing the official count of Israeli deaths to rockets and
missile attacks. Israel’s territorial history and the history of casualties furthered the
author’s understanding of Israel’s strategic mindset, particularly when focused on an
offensive-defense and protecting its population.
Some websites were also used for baseline information regarding organizations
and for commonly understood concepts. For example, up-to-date information on the
Missile Technology Control Regime (MTCR) and its member nations was found on the
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MTCR organization website. The Missile Defense Agency (MDA) website also proved a
valuable resource for definitions on threat system ranges and summaries of missile
defense programs and partnerships.

Journal Articles
Mindful of the talents and academic diligence of those scholars in the military and
strategic fields, journals were another trusted source of material for this research. One of
the primary journals for this field is Arms Control Today, which often publishes short
summaries or even news-like articles on the topic of ballistic missiles or on BMD. Wade
Boese and Eric Auner are two of this journal’s more prolific authors on this topic. A
piece by Janne Nolan was also published in this journal in 1989 on the topic of ballistic
missile proliferation, which proved a valuable resource for understanding the thoughts of
skeptical scholars regarding MTCR during its infancy.
Articles from a variety of other international affairs and military-focused journals
were used. These include a piece from Military and Strategic Affairs on the topic of
BMD integration, Middle Eastern Studies on the topic of the Tripartite Declaration, and a
quantitative piece in The Journal of Conflict Resolution on the topic of missile
technology proliferation.

Conclusion
Throughout the research and drafting of this paper, there was an evident spectrum
through which secondary-source authors could be noted to fall regarding biases and
agenda. The more objective sources were those which focused on events and technical
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specifications, while the more polarized texts tended to be journal articles and books. All
of these authors and researchers used similar source material such as legislation, treaties,
and historic events, though application varied. Authors such as Jean-Loup Samaan, for
example, wrote thorough histories to solidify policy misconceptions. Those scholars in
Arieh Stav’s volume tended to also have fact and histories to back up their beliefs, but
focused on criticizing policy or recommending policy changes. Due to the nature of this
defense topic and the extreme costs associated with BMD development, this topic proved
fairly controversial. Despite the polarized sources, it was the endeavor of the author to
remain as impartial as possible, attempting to instead use these biased documents and
perspectives to understand this complex and often emotion-filled topic.
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