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Steve Fetter and David Wright

Can the Iron Dome Be
Transmuted into a Golden
Dome?

Israel’s apparent success in defending against Iranian ballistic missile

attacks in April and October 2024 has stimulated renewed interest in missile

defense. Immediately after the April attacks, an Israeli Defense Forces (IDF)

spokesperson claimed that 99 percent of the attacking drones and missiles were

intercepted, calling the outcome “a very significant strategic success.”1 Similarly,

the IDF attributed the relatively minor damage from the October attacks to

“high-quality defenses.”2

Some have asserted this demonstrates a technological breakthrough in missile

defense in general. According to Matthew Kroenig, a member of the recent Con-

gressional Commission on the Strategic Posture of the United States, “For

decades, critics have argued that missile defenses do not work, but the facts

have changed. Missile defense technology has greatly improved in recent years.

The world has witnessed the remarkable success of Israel’s Iron Dome system,

which successfully defended Israel against massive Iranian salvos of missiles

and drones.”3

The Israeli experience appears to have been a major factor in prompting Pre-

sident Trump to issue an executive order in January 2025, “The Iron Dome for

America,” which calls for deployment of a “next-generation missile defense

shield” to defend all US territory against any foreign attack.4 In announcing

the initiative, which was later rebranded “Golden Dome,” Trump said,
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“Ronald Reagan wanted to do it many years ago…We didn’t have the technol-

ogy then…Now we have phenomenal technology. You see that with Israel,

where out of 319 rockets they knocked down just about every one of them. So

I think the United States is entitled to that.”5 Commenting on the announce-

ment, former deputy national security advisor Victoria Coates said, “Like

Israel’s highly effective system of the same name, President Trump’s Iron

Dome will provide an impenetrable defense for the American people.”6

Here, we review the 2024 Iranian attacks and the various missile defense

systems used to stop the Iranian ballistic missiles. We then use press stories, pub-

lished reports, and analysis of videos of the attacks to estimate the number of mis-

siles successfully launched by Iran and the number of warheads that penetrated

the defenses to estimate the effectiveness the defensive systems demonstrated

in blunting the attacks.

We find that Israel appears to have stopped 80 to 85 percent of the attacking

missiles that were engaged in the April and

October attacks, and was able to achieve this

level of defense effectiveness because it was

protecting a small area from medium-range

missiles that carried no countermeasures.

Damage to Israeli territory was reduced by

the presence of defenses, but was low primarily

because the missiles had poor accuracy and

carried conventional warheads, the public

was alerted to take shelter, and Iran did not

focus its attacks on densely populated areas.

This experience has little or no relevance to the missile defense challenges the

United States faces. It says nothing about defending against long-range missiles,

which would require different defensive systems than those used in Israel. More-

over, long-range nuclear-armed missiles would be equipped with countermea-

sures, which would lead to intercept rates much lower than in the Israeli case.

And unlike in the Israeli case, even a small number of nuclear weapons penetrat-

ing the defense would result in massive damage and loss of life.

We conclude that while missile defense may in some cases provide a modest

but useful level of protection against conventional attacks with medium-range

missiles, there is no basis for believing that an effective defense is possible

against nuclear-armed missiles, especially long-range ones.

Iranian Missile Attacks

Iran launched attacks against Israel on April 13 and October 1, 2024. The April

13 attack was in retaliation for the April 1 killing of Mohammad Reza Zahedi in

Israel was protect-
ing a small area
from medium-range
missiles that carried
no
countermeasures
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Damascus, who headed the Iranian Quds Force that assisted militant groups in

Syria and Lebanon. Iran said the targets of its attack were Nevatim and

Ramon Air Bases in the south of Israel and an intelligence center on Mount

Hermon in the far north.7 None of these sites are located near densely populated

areas.

The April attack consisted of more than 200 unmanned aerial vehicles

(UAVs) and 110 to 130 ballistic missiles.8 The UAVs had relatively slow

speeds and essentially all were shot down by military aircraft from Israel, the

United States, Britain, France, and Jordan.9 The ballistic missiles appear to

have been primarily Emads—a single-stage, liquid-fueled missile based on the

Shehab-3—with a range of about 1,700 kilometers and a payload of 750 kilo-

grams. Iran claims these missiles have an accuracy of 50 meters, but based on

observed impacts, analysts estimated the accuracy was closer to 1 kilometer.10

Some reports claim Iran also fired Ghadr missiles, a Shehab variant similar to

the Emad, and the newer Kheibar Shekan, a solid-fueled missile that is reported

to have a range of about 1,450 kilometers with a 500-kilogram payload.11

Iran launched a second large attack on the evening of October 1, reportedly in

retaliation for Israeli strikes in Lebanon, including one that killed Hezbollah

leader Hassan Nasrallah.12 Israeli officials said Iran launched 181 ballistic missiles

in this attack which, unlike the April attack, did not include UAVs.13 US offi-

cials stated that all of the missiles appeared to have been fired from Iranian ter-

ritory.14 Analysis of videos suggests that missiles were launched from five

locations within Iran, ranging from about 1,250 to 1,700 kilometers from

targets in Israel.15

Iran stated that it fired four different types of medium-range missiles: the

liquid-fueled Emad and Ghadr (also launched in the April attack) and the

solid-fueled Kheibar Shekan and Fatah-1 missiles.16 The Fatah-1 includes a

reentry vehicle with a small solid rocket motor as well as fins and uses the

Kheibar Shekan as the first-stage booster. It has a reported range of 1,000 to

1,400 kilometers with a 350 to 450 kilogram payload.17 While it is sometimes

called a “hypersonic weapon,” it appears to be a ballistic missile with some

ability to glide and maneuver at low altitudes.

Israeli and US Missile Defenses

Israel and the United States had several missile defense systems deployed in the

region around Israel at the time of the 2024 Iranian attacks. These defenses can

be divided into two types: systems intended to intercept longer-range missiles

above the atmosphere, or exo-atmospheric systems, and systems intended to

intercept shorter-range missiles in the atmosphere, or endo-atmospheric systems.
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Exo-atmospheric systems can only engage missiles outside the atmosphere,

above about 100 kilometers altitude. At these altitudes, missiles follow a predict-

able path because the air is too thin to allow for aerodynamic maneuver. These

systems are also called “midcourse” defenses because they attempt to intercept

missile warheads in space, after the end of the boost-phase but before they re-

enter the atmosphere. The exo-atmospheric systems used in the 2024 attacks

were the Israeli Arrow-3 and the US Standard Missile 3 (SM-3) Block IB inter-

ceptor, which is part of the Aegis defense system aboard some US ships. Both

interceptors attempt to destroy targets by colliding with them, which is called

“hit-to-kill.” Both can engage missiles with ranges up to a few thousand kilo-

meters.18 Missiles with ranges of only a few hundred kilometers do not spend

enough time above the atmosphere for these defenses to engage them. Reports

place the cost of each interceptor at $2 to 4 million for Arrow-3 and $10 to

12.5 million for SM-3.19

Endo-atmospheric systems can only operate within the atmosphere, below a

few tens of kilometers’ altitude. These systems are also called “terminal” defenses

because they attempt to intercept missiles during the final part of their trajec-

tories. They are intended to intercept missiles with relatively low speeds and

therefore short ranges. During engagements at low altitudes, both the interceptor

and missile can maneuver using aerodynamic forces. The intercept probability

depends on the relative maneuverability of the two, which in turn depends on

the speed of each object. These systems can intercept aircraft as well as short-

range missiles.

The endo-atmospheric systems used in the

2024 attacks were the Israeli Arrow-2 and

David’s Sling. (The Israeli Iron Dome system

is intended to intercept very short-range

weapons, such as artillery shells and mortars,

and is not able to intercept ballistic missiles.)

Most sources say Arrow-2 is designed to

operate at 10 to 50 kilometers’ altitude, although

one source suggests it may be able to engage missiles at significantly higher alti-

tudes.20 It has a defensive range of about 90 kilometers and the interceptor uses

an explosive warhead that attempts to destroy the incoming missile warhead with

high-speed fragments. It is reported to be able to intercept targets with speeds up

to about 3 kilometers per second,21 and interceptors are reported to cost about $3

million each.22 David’s Sling uses hit-to-kill interceptors to defend against aircraft

and ballistic missiles at distances up to 300 kilometers. The interceptor is reported

to engage incoming warheads from short-range missiles at altitudes up to 15 kilo-

meters, and each interceptor is reported to cost about $1 million.23

Israel had several
missile defense
systems deployed in
the region
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Missile Defense Effectiveness

Israeli and US government officials have not released detailed information on

how many Iranian ballistic missiles were engaged by Israeli or US missile

defense systems, how many interceptors of what type were fired at those missiles,

or how many Iranian missiles were successfully intercepted. Here, we rely on

media reports and video analysis to estimate the overall effectiveness of missile

defenses in the 2024 attacks.

By estimating the number of missiles that threatened Israeli territory in each

attack and comparing that to an estimate of the number of missiles that pene-

trated the Israeli and US missile defenses and hit the ground, we can estimate

the overall effectiveness of those defenses in reducing the number of attacking

missiles. Because we do not know how many of each type of interceptor were

fired, we cannot estimate interceptor effectiveness for the different systems.

April 2024 Attack
In the April attack, US officials told ABC News that of the missiles Iran

attempted to fire, “about half of those missiles either failed to launch, failed in

flight or crashed before reaching their targets in Israel.”24 If that is correct,

about fifty to seventy missiles threatened Israeli territory. According to various

reports, four or five missiles hit the Nevatim Airbase,25 four hit the Ramon

Airbase,26 and one hit near a radar site in northern Israel.27 Thus, a total of

nine to ten missiles appear to have hit targets in Israel. If fifty to seventy missiles

threatened Israeli territory and all were engaged by missile defense systems, and if

nine to ten got through, the intercept rate was 80 to 87 percent.28 Reports of

higher interception rates likely refer to the total number of missiles and UAVs

that were shot down or failed in flight. If we assume 110 ballistic missiles and

220 UAVs were launched, and that nine to ten missiles and no UAVs hit

Israel, then 97 percent of the attacking weapons were either intercepted or

failed in flight.

Most of the intercepted Iranian missiles were engaged by Israeli defense units

using Arrow-2 and Arrow-3 interceptors. One missile was reportedly intercepted

by a David’s Sling interceptor.29 Two US missile destroyers deployed in the

Eastern Mediterranean, the USS Arleigh Burke (DDG-51) and USS Carney

(DDG-64), reportedly shot down between four and six missiles.30 This was the

first reported combat use of SM-3 interceptors.31

October 2024 Attack
During the October attack, “a sizable number” of the 181 reported missiles failed

before reaching Israeli airspace, according to a US official.32 Video analysis of the
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launches suggest that about 10 percent of the missiles may have failed during

launch,33 which implies that the number of missiles successfully launched

against Israel was about 165. The failure rate was lower than in the April

attack, presumably because Iran used a larger fraction of its newer generation

of missiles, the Kheibar Shekan and Fatah-1, in this attack.

Iran stated that it targeted three Israeli airbases: Nevatim, Tel Nof, and Hat-

zerim.34 Analysis of satellite imagery after the attack showed that Nevatim

Airbase was struck by at least thirty-two missiles.35 Damage, however, was report-

edly small enough that it did not close the base. Tel Nof Airbase was reportedly

hit by three missiles.36 There are no reports of missile impacts at Hatzerim.37

Photos of a missile that hit a house in Tel Sheva, east of the Hatzerim

Airbase, appear to show an intact Kheibar Shekan that did not explode.38

That and other missile debris reported east of Hatzerim suggest that this base

may have been targeted by Iranian missiles that either failed to hit it or were

intercepted. Debris was also reported in other locations, including Beersheba,

Hura, Dimona, and Arad, which all lie about 20 kilometers from Nevatim

Airbase, and around the Dead Sea.39

The large number of impacts at Nevatim Airbase does not say much about the

effectiveness of missile defenses. Because the base is not in a heavily populated

area, and because air bases are difficult to damage with conventional warheads

of the size used in this attack, Israeli and US missile defenses may have

engaged few of the missiles targeting Nevatim to reserve interceptors for the

defense of targets in more populated areas. Prioritizing the use of interceptors is

important both because of their expense and limits on the number of available

interceptors.40

It is, however, highly likely that missiles targeting the more populated areas

around Tel Aviv would have been engaged by missile defense systems. We there-

fore use estimates of the number of missiles targeted on this area and the number

of reported missile hits to estimate the effectiveness of the missile defense.

A wide-angle video—shot from Amman, Jordan and posted online—shows the

sky over Israel from north of Tel Aviv to well south of NevatimAirbase during both

waves of theOctober attack.41Analysis of the video shows forty-five to fifty-fivemis-

siles descending over the Tel Aviv area, including Tel Nof. It also shows the launch

of what appear to be eighteen exo-atmospheric interceptors, some of which were

defending the Tel Aviv area. Some of these appear to be Arrow-3 interceptors. In

addition, the US Navy reported that it fired about a dozen SM-3 interceptors

from ships in the Mediterranean Sea during the October attack and said that “mul-

tiplemissiles are believed to have been successfully engaged.”42 If we assume that the

Arrow-3 and SM-3 interceptors may have destroyed another five to tenmissiles tar-

geting Tel Aviv at altitudes above those seen in the video, this would suggest that

fifty to sixty-five missiles threatened the Tel Aviv area.
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As noted above, the Tel Nof Airbase, which is in the southern part of Tel

Aviv, was reportedly hit by three missiles. In addition, a nearby school building

in Gedera was damaged by a missile hit.43 There also appear to have been five or

six missile impacts in the northern part of Tel Aviv, in the region around the

Mossad Headquarters (HQ) and the nearby Israeli military intelligence center,

Unit 8200, which were likely targets of the strike. This includes two craters

found within about half a kilometer of the Mossad HQ;44 a third hit reported

1.5 kilometers southwest of the HQ;45 a fourth reported 5 kilometers south of

the HQ near the Ayalon Mall shopping center;46 and a fifth in the town of

Hod Hasharon 7.5 kilometers east of the HQ, where the blast reportedly

damaged 100 homes.47 There is also a report of a hit on a medical facility on

George Wise Street, 3.5 kilometers south of the Mossad HQ, but it is not clear

whether this was a missile strike or a hit by debris.48 In addition, there are

reports of impacts in the coastal area of Netanya, 20 kilometers north of the

Mossad HQ, and in the nearby town of Sharon, although it is possible these

are debris impacts.49 Reports also say that a missile blast caused a power outage

in Bnei Atarot.50 In all, at least nine or ten missiles impacted areas around Tel

Aviv.

These figures give a rough estimate of the effectiveness of missile defenses in

the October attack. As in the April attack, most Iranian missiles were engaged

by the Arrow-3 and Arrow-2 systems. If all fifty to sixty-five missiles threating

the Tel Aviv area were engaged by missile defenses and there were at least

nine or ten impacts in this area, that implies the overall defenses intercepted

no more than 80 to 86 percent of the missiles engaged.

As noted above, we do not have detailed or authoritative information about

the number of Iranian missiles engaged by missile

defense systems, the number of interceptors fired at

each missile, or the number of missiles successfully

intercepted. Nevertheless, the consistency of our esti-

mates for the April and October attacks adds confi-

dence to our conclusion that 80 to 85 percent of

Iranian missiles engaged by missile defenses were

intercepted.

This estimated effectiveness is the overall prob-

ability of destroying incoming missiles. To increase

the likelihood of destroying a warhead, multiple

interceptors may be launched against each missile

that is engaged. If two interceptors were used against each missile, then an 80

to 85 percent overall interception rate would mean that each interceptor had

about a 55 to 60 percent probability of intercepting a missile.

It appears that
80-85 percent of
Iranian missiles
engaged by missile
defenses were
intercepted
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Because ample warning of the impending attack was available and people were

able to take shelter, the October attack caused very few serious injuries in Israel.

But insurance claims filed after the attack give a sense of the level of damage that

was causedbothby themissile explosions and fallingdebris.The IsraeliTaxAuthority

reported receiving about 2,500 claims for damage, for an estimated total of about

$50 million.51 Of these, some 2,200 were for damage to buildings, with the rest for

damage to vehicles, and more than half were in northern Tel Aviv.52 Some 1,000

claims were reportedly from the Hod HaSharon area and another $13 million in

claims came from “a luxury complex on the northern Tel Aviv beachfront,” which

is likely the area southwest of theMossadHQ.53Another group of claimswere report-

edly from the area around the missile strike in Gedera.54 We requested but were

unable to obtain additional details about the insurance claims from the Israeli Tax

Authority, which could provide more information about the locations of the

missile strikes and howmuch of the damage was due to debris rather than explosions.

Lessons for Theater Missile Defense

The 2024 Israeli experience demonstrated that a combination of missile defense and

civil defense can provide protection of a relatively small region against inaccurate

medium-range ballistic missiles armed with conventional warheads, in the absence

of effective countermeasures. It also showed that, against this type of attack, this

level of protection can be strategically important. As one analyst noted, “if Israel

had sustained serious damage without such defenses, then Israeli leadership likely

would have, of necessity, retaliatedmore significantly against Iran. Thiswider retalia-

tion couldhave forced awiderwar between Israel and Iran.”55 In a protracted conflict,

the protection provided bymissile defenses could help avoid a substantial diversion of

military effort, as happened in the 1991PersianGulfWarwhen up to one-third of the

missions scheduled for the air campaign were redirected to hunting Scud missile

launchers.56

Israel was able to mount an effective

defense partly because it was defending a

small area. Israel is five times smaller than

South Korea, eighteen times smaller than

Japan, thirty times smaller than Ukraine, and

470 times smaller than the United States.

Most of Israel is desert; the populated area is

the size of Delaware. The defended areas of

Arrow-2 batteries located at two or three locations can cover the entire Israeli

population. Many more would be required to provide an endo-atmospheric

defense of a larger country.

The populated
area of Israel is the
size of Delaware
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Israel was also able to provide a relatively effective defense because Iran’s mis-

siles lacked countermeasures. Countermeasures could include light decoys or

ballons to overwhelm exo-atmospheric defenses, jammers or heat sources to

confuse radar or infrared sensors, depressed trajectories or glide vehicles that

limit intercept opportunities for exo-atmospheric defenses, and submunitions

that overwhelm exo- and endo-atmospheric defenses.

Most importantly, the level of defense Israel could provide was effective

because Iranian missiles were armed with conventional high-explosive warheads,

so that the warheads that penetrated the defense did relatively little damage.

These warheads can destroy or damage reinforced concrete structures (the

majority of Tel Aviv’s housing stock) out to distances of only 10 to 20 meters,

limiting the damage from missiles that penetrate the defense to a relatively

small area around the explosion.57 And because this distance is small compared

to the accuracy of the missiles, they cannot be used effectively against small

targets, and are therefore not useful for counterforce strikes, as was demonstrated

in the 2024 attacks.

In addition, the relatively small damage caused by the warheads that pene-

trated the defense, along with the warning provided by radar systems, allowed

for effective sheltering by the public, greatly reducing the potential for death

and injury. Simple measures, such as sheltering on the west side of a wall, can

provide a high degree of protection against conventional missiles coming from

the east.

Israel also sustained relatively light damage because of the type of attacks that

Iran launched. Iran may have shaped its attacks to send a message in response to

Israeli strikes while minimizing civilian deaths and reducing the chance of major

escalation. It targeted most of its missiles against air bases in sparsely populated

areas. This meant that Israel could allow many missiles in the October attack

to fall without firing interceptors at them, as indi-

cated by the large number of hits at Nevatim

Airbase which caused relatively little damage. Had

Iran focused its attack on Tel Aviv, it would have

resulted in significantly more damage. In this case,

Israel would likely have fired significantly more inter-

ceptors, depleting its interceptor stocks.

In stark contrast, defensive systems that intercept

80 to 85 percent of incoming missiles are of little

value against missiles armed with nuclear warheads.

A single Hiroshima-sized weapon detonated above Tel Aviv would kill

100,000 and injure 200,000.58 A single ground-level detonation would kill

even more, while contaminating thousands of square kilometers—an area

greater than the entire populated area of Israel—with fallout at levels requiring

Defensive systems
that intercept 80-85
percent are of little
value against
nuclear missiles
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evacuation and decontamination. (A US government analysis concluded that

8,000 km2 would require decontamination following a 10-kiloton ground-level

detonation. For comparison, the entire area of Israel north of the Negev Desert

is 5,000 km2 and the area of all cities and towns is less than 2,000 km2.) 59

Nine or ten such weapons—the number of missiles that penetrated defenses in

both the April and October attacks—could kill or injure half the Israeli popu-

lation and render the country uninhabitable for years, if not decades. Even the

most robust civil defenses would be unable to reduce casualties from such an

attack to a tolerable level.

An effective defense of Israel against nuclear attack would require systems with

leakage rates ten to one hundred times smaller than the 15 to 20 percent demon-

strated in the 2024 attacks. If just ten nuclear-armed missiles were launched

against a defense with 85 percent probability of intercepting each missile,

there would be an 80 percent chance that at least one warhead would penetrate

the defense. Reducing this to a 10 percent chance of one warhead penetrating the

defense would require an intercept probability of 99 percent, or a leakage rate

fifteen times less than demonstrated in the 2024 attacks. For fifty attacking mis-

siles, the intercept probability would have to be 99.8 percent to achieve a similar

level of confidence. It is extremely unlikely that such high levels of performance

are achievable, especially against a more sophisticated attack.

Even against the relatively unsophisticated Iranian missile threat, the defense

was costly. Missile interceptors are highly sophisticated and therefore expensive

systems—more sophisticated and expensive than the ballistic missiles they

attempt to destroy. For example, if two interceptors are used against each

missile, the cost per missile engaged is $4 to 8 million for Arrow and $20 to 25

million for SM-3.60 For comparison, Iran probably can produce medium-range

missiles for less than $1 million each. Reports at the time of the April attack esti-

mated that defending against the missiles may have cost Israel about $1 billion,

while Iran’s cost may have been about one-tenth of that amount.61

Such an unfavorable cost-exchange ratio could be important in an extended

conflict with an adversary who can spend amounts comparable to a defender.

In addition, the total cost of the Arrow interceptors and damage in the

October 2024 attacks was at least as great, and up to three times greater, than

the total property damage if no interceptors had been fired. If SM-3 Block IB

interceptors were used rather than Arrows in this situation, the cost with

missile defense would be five to nine times greater than the property damage

without missile defense.

Defense systems like these might also be useful in other theaters, such as

Europe and East Asia, if US allies or US forces faced attack by conventionally

armed short- and medium-range missiles. Whether missile defenses would

provide important strategic or tactical advantages would depend on many
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details, including the range and accuracy of the attacking missiles, whether they

were equipped with countermeasures, and the nature of targets.62 In some cases,

such as conventional attacks against cities or civilian infrastructure, a modestly

effective missile defense could be important in maintaining the support and

morale of allies while controlling escalation. In other cases, such as North

Korean conventional attacks on US bases in South Korea or Japan, missile

defense might play a less important role and hardening and rapid repair of facili-

ties would be necessary in any case due to the inevitable leakage through a missile

defense. As noted above, Israel’s Nevatim air base remained operational during

and after the October 2024 attacks despite sustaining dozens of impacts.

From Iron Dome to Golden Dome?

The Israeli experience provides no information on the potential effectiveness of

missile defense systems against the kinds of missile threats the United States

would face, which would be longer range and more sophisticated. Defense

against longer-range missiles would require different missile defense systems

than were used in Israel. Long-range missiles—such as the intercontinental

and submarine-launched ballistic missiles fielded by Russia, China and North

Korea—reach velocities more than twice that of the medium-range missiles

fired by Iran against Israel.

Intercept of long-range missiles requires higher-velocity interceptors, which

are significantly larger and more expensive that the Arrow-3 and SM-3 Block

IB. For example, the SM-3 Block IIA interceptor, which has been tested once

against a long-range missile, has a maximum speed one and a half times that of

Arrow-3 and is reported to cost nearly $30 million each.63 The Ground-Based

Interceptors (GBI) fielded by the United States in Alaska and California,

which are intended to intercept long-range missiles, have a maximum velocity

of 7.2 kilometers per second (more than twice that of Arrow-3 or SM-3 Block

IB) and cost about $70 million each (roughly twenty times more than

Arrow).64 Highly scripted tests of GBI have intercepted targets in only about

half of tests, all of which occurred under favorable conditions for the defense.

In response to concerns about the reliability and effectiveness of GBI, the

United States is developing a replacement, the Next Generation Interceptor,

which is estimated to cost $110 million per interceptor.65

Moreover, any country capable of building long-range missiles is also capable

of building lightweight decoys and other penetration aids which could confuse

and overwhelm an exo-atmospheric defense system.66 Russia and China are

more than capable of deploying effective countermeasures, and the US intelli-

gence community stated that North Korea and Iran could develop penetration
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aids and countermeasures by the time they flight test a long-range missile.67 A

2012 review by the National Academies of Science, Engineering, and Medicine

(NASEM) concluded: “The hard fact is that no practical missile defense system

can avoid the need for midcourse discrimination—that is, the requirement to

identify the actual threat objects (warheads) amid the cloud of material accom-

panying them in the vacuum of space. This discrimination is not the only chal-

lenge for midcourse defense, but it is the most formidable one, and the midcourse

discrimination problem must be addressed far more seriously if reasonable confi-

dence is to be achieved.”68

Although the review identified potential approaches, reliable discrimination

has not been demonstrated by any country. The review also noted that decoys

are not the only countermeasures a midcourse defense system must face, and

that other possible countermeasures include “attacks on key components of the

defense, notably its sensors.”69 A particularly effective countermeasure is to

equip nuclear warheads with “salvage fuzing” so they detonate before being

destroyed by interceptors, blinding missile defense radars and infrared sensors

to subsequent attacking warheads. Recently, concern has arisen that Russia

might station nuclear weapons in space, to be detonated early in a conflict to

destroy a range of US satellite capabilities. Russia has reportedly developed a

long-range hypersonic glide vehicle that can underfly exo-atmospheric defenses

with speed sufficient to penetrate endo-atmospheric defenses. We see no

reason to believe that it is possible to mount

a highly effective defense against nuclear-

armed long-range missiles.

Missile defense advocates point to the

promise of new technologies, such as rockets

or lasers based in space to intercept missiles

in their boost phase. These and other exotic

missile defense technologies were explored

and rejected as part of the Reagan adminis-

tration’s Strategic Defense Initiative in the

1980s. Although it is tempting to think that

technological advances in the last forty years

might have changed assessments, these

approaches are unattractive because of fundamental limitations imposed by

physics, not shortcomings that can be overcome by improvements in technology.

Any defense interceptors based in orbit will continually move with respect to

the Earth, requiring that many platforms be deployed to have one near a missile

launch site at all times. For example, about 1600 interceptors would be required

in orbit to ensure that just one would be in position to engage a single solid-fuel

ICBM launched from Russia, China, North Korea or Iran.70 Taking multiple
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shots against multiple ICBMs launched from the same area on Earth would

increase proportionately the number of on-orbit interceptors needed. Because

the cost-exchange ratio strongly favors the offense, even a less capable adversary

could overwhelm the system by building more missiles. Space-based lasers would

be vulnerable to preemptive attack and would suffer from limits on beam

strength, control, and propagation of laser light through the atmosphere—

limits that caused the United States to abandon efforts to develop an airborne

laser for missile defense, which is much less technically challenging than a

space-based laser. These factors led the 2012 National Academies’ review to con-

clude that “boost-phase missile defense—whether kinetic or directed energy, and

whether based on land, sea, air, or in space—is not practical or feasible” and to

recommend that “the Department of Defense should not invest any more

money or resources in systems for boost-phase missile defense.”71

Missile defense optimists might hope that improvements in existing and emer-

ging technologies since 2012 may have changed this assessment, but that is not

the case.72 Indeed, a report by the American Physical Society released in March,

which included a review of the effectiveness of missile defenses in countering the

2024 Iranian missile attacks, stated that “creating a reliable and effective defense

against even the small number of relatively unsophisticated nuclear-armed

ICBMs that we considered remains a daunting challenge. The difficulties are

numerous, ranging from the unresolved countermeasures problem for midcourse

warhead-intercept to the severe reach vs. time problem of boost-phase missile

intercept.” It concluded that “our analysis of published work has led us to con-

clude that few of the main challenges involved in developing and deploying a

reliable and effective ballistic missile defense have been solved, and that many

of the hard problems we have identified are likely to remain unsolved during,

and probably beyond, the 15-year time horizon we considered.”73

Conclusion

The 2024 Iranian attacks demonstrated that Israel was able to stop 80 to 85

percent of the missiles attacking it, but at a significant cost relative to the cost

of the attack and the damage that would have been sustained in the absence of

a defense. Israel was able to achieve this level of defense effectiveness because

it was protecting a small area from medium-range missiles that carried no coun-

termeasures. The damage resulting from the attacks was limited because the mis-

siles had low accuracy and carried conventional warheads, the public was alerted

to take shelter, and Iran did not focus its attack on densely populated areas.

The Israeli experience says nothing about defending against long-range, nuclear-

armed missiles equipped with countermeasures, which would lead to intercept rates
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much lower than in the Israeli case. Even if intercept rates of 90 percent or higher

were possible,missile defenses could not preventmassive damage and loss of life from

the detonation of a small number of nuclear warheads. There is no reason to believe

that new technologies will lead to very high interception rates.

The 2024 defense of Israel may have inspired Kroenig and Trump to envision a

highly effective defense of the United States and its allies from all adversaries,

including nuclear-armed Russia, China and North Korea, but it provides no

basis or reason to believe that vision is achievable. There is no technological fix

to the threat posed by nuclear-armed long-

range ballistic missiles. That threat is best

addressed through diplomacy: arms control

and confidence-building measures that reduce

the number of such weapons and incentives

to use them in a crisis. The quixotic pursuit of

an impenetrable defense is likely to degrade

US security by prompting adversaries to move

in the opposite direction.
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