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Hypersonic weapons have in recent years attracted attention from 
militaries, governments and, increasingly, multilateral institutions 
following reports of successful prototype testing. In 2018, the UN 
Secretary-General highlighted hypersonic glide vehicles and cruise 
missiles in a report on the role of science and technology in the 
context of international security and disarmament, and called on 
the international community to ‘remain vigilant in understanding 
new and emerging weapon technologies that could imperil the 
security of future generations’.1 The development of hypersonic 
weapons is said to pose a challenge to strategic missile defenc-
es and raise wider international security concerns due to their 
‘considerable potential to further complicate strategic relations, 
encourage new arms competition and endanger stability’.2 

Several modern militaries are currently working to develop hypersonic 
weapons, which after decades of research could soon be fielded in 
significant numbers.3  Predictions over how quickly this may occur, 
absent any multilateral efforts to curb or halt the weaponization of 
hypersonic technology, vary.4 NATO has commented that ‘the systems 
being developed and tested today are mature enough to lead us to 
believe they will be fielded in the foreseeable future’.5  Hypersonic 
glide vehicles could be deployed within five years.6

‘Hypersonic’ is generally understood to refer to flight within the at-
mosphere at speeds above Mach 5 (five times the speed of sound), 
or above around 6,100 km per hour. One focus of military interest is 
hypersonic missiles that can travel at approximately 5,000 to 25,000 
km per hour (or between 1.4 and 7 metres per second)7 – up to 25 
times faster than a standard airliner.

The development and potential future deployment of hypersonic 
weapons illuminates a number of broader themes and questions 
that deserve attention from the perspective of multilateral weapons 
control, including within the framework of the Convention on Certain 
Conventional Weapons (CCW), a ‘hybrid treaty’ that sits at the inter-
section of arms control, disarmament and humanitarian law:8

x The development of hypersonic weapons is driving research and 
development of technologies to defend against them, including 
kinetic interceptors, electromagnetic railguns and high-power la-
sers,9 which may also have potential uses as offensive weapons,10 
in turn spurring further armament reaction cycles. Hypersonic 
weapons are also more expensive than existing alternatives. This 
has implications for international stability, security, peace and 
sustainable development.

x In certain scenarios, hypersonic weapons may provide less time 
to respond, compared to existing cruise and ballistic missiles. This 
can be expected to compress decision time, contributing to the 
trend towards increasing reliance on artificial intelligence, both to 
inform human decision makers and to automate certain process-
es,11 raising concern about the risk inherent in decision-making 
under time pressure. Speed of action is a common thread in the 
hypersonic and autonomous weapons debates.

x Both nuclear and conventional hypersonic weapons affect nuclear 
stability and thereby international peace and security. This compli-
cates efforts aimed at preventing or limiting these weapons, but 
also offers additional avenues and opportunities for multilateral 
control.

x Hypersonic weapons are likely to increase the risk of pre-emptive 
strikes, accidents, miscalculations, conflict instability and rapid 

Hypersonic Weapons

DISCUSSION PAPER| FEB 2019

Discussion paper for the Convention on 
Certain Conventional Weapons (CCW)

Geneva, February 2019

Article 36 is a UK-based not-for-profit organisation working to promote public 
scrutiny over the development and use of weapons.*

www.article36.org
info@article36.org
@Article36

* This paper was written by Maya Brehm and Anna de Courcy Wheeler. Mark 
Gubrud and Pavel Podvig have provided helpful comments on an earlier draft.

http://www.article36.org
mailto:info@article36.org
mailto:@Article36


2

guns may also reach low-hypersonic speeds. These applications may 
complicate the debate and potential regulatory efforts regarding 
hypersonic weapons but are beyond the scope of this paper.22

In the US, current attempts to develop hypersonic weapons began 
in 2003 under the Conventional Prompt Global Strike programme, 
which seeks to develop a system that can deliver a precision-guid-
ed airstrike anywhere in the world within one hour.23 In 2018, the 
Pentagon indicated that the US Army, Navy and Air Force would work 
together to develop and deploy a common hypersonic glide vehicle 
by the early 2020s.24

Information on defence technology developments in states other 
than the US tends to be less available, with programmes shrouded in 
secrecy, but reports suggest that in November 2017, China flight-test-
ed a hypersonic glide vehicle, the DF-17, which is predicted to reach 
operational capacity in 2020. Russia’s version of a hypersonic cruise 
missile, the ship-based 3M22 Zircon/Tsirkon, is reported to be at a 
similarly advanced stage of development with successful tests in late 
2018.25  In December 2018, Russia also successfully tested its ‘Avan-
gard’ system, which will reportedly be deployed in 201926 and has 
been described as a nuclear-capable long-range hypersonic glider.27  
Over 20 additional states, including France, India, Australia, Germany 
and Japan are now thought to be pursuing the technology for military 
purposes.28

Hypersonic weapons are expected to combine significantly higher 
speeds with enhanced manoeuvrability. They would enable offensive 
missile strikes to destroy targets at great distances. They are de-
signed to operate at altitudes that make them particularly ‘difficult to 
detect, either from the ground, because of the limited viewing angle, 
or from space because of background clutter’,29 and therefore offer 
a way of circumventing current advanced defence systems built to 
intercept ballistic missiles.30 As one analyst has summarized, ‘[t]hey 
are able to evade and conceal their precise targets from defences 
until just seconds before impact. This leaves targets with almost no 
time to respond.’31

There is, however, considerable ambiguity regarding precise goals,32 
– in certain cases purposefully maintained by some and severely crit-
icized by others – especially regarding their role in nuclear war and 
deterrence (‘nuclear ambiguity’).33 This uncertainty adds to the diffi-
culty of assessing from public information the targets and warhead 
types under development. HGMs and HCMs could be equipped with a 
nuclear or conventional (explosive) warhead and they could damage 
certain targets by way of their high kinetic energy alone.34 Some com-
mentators therefore describe hypersonic weapons as ‘most appro-
priate for hard and deeply buried targets’.35 Others deem hypersonic 
weapons most suited for use against ‘fixed, soft targets’.36 Among 
the diverse targets mentioned by commentators are command and 
control centres and bunkers, radar and surveillance systems, missile 
launch vehicles37 and other ‘strategic’ assets,38 as well as island 
bases, shore facilities and ships,39 including ships in ports.40

Though the technology is being developed and refined, notable 
technical barriers remain to the operationalization and deployment 
of hypersonic weapons.41 In addition to these technical challenges, 
questions remain about the economic viability of hypersonic weapons 
programmes, which thus far have proven hugely expensive to fund.42 
The altitude at which they are designed to fly makes in-atmosphere 

conflict escalation due to their potential to shorten decision 
times and the nuclear ambiguity surrounding them, among other 
reasons. The introduction of hypersonic weapons risks undermin-
ing long-standing arms control and disarmament efforts in various 
domains.

x These factors underscore the need to consider the wider arms 
control and disarmament implications of specific weapon devel-
opments, and to consider the intersections of categories used to 
delimit the scope of multilateral weapons control mechanisms. 
These tend to approach different weapons largely in isolation from 
each other, creating potential gaps or responses that inadequate-
ly account for cross-cutting issues.

x There is no shortage of suggestions for the control of hypersonic 
weapons. What has been missing thus far is the political will to 
take them forward. As with other (emerging) weapon technolo-
gies, progress in this regard does not only require agreeing on 
where to draw the line between the acceptable and the unaccept-
able on technical grounds.12 It is also calls for efforts to conceptu-
alize the issue and organize policy work in such a way that those 
who risk being affected by these weapons are empowered to take 
measures for their control.

Current state of play

The development of hypersonic technologies for military use has 
been pursued by states since the 1940s, when attempts to establish 
space-ready vehicles produced the first piloted supersonic aircraft 
flight to break the sound barrier, with several decades of research 
programmes that at best produced mixed results.13 Scientific and 
technological advances in recent years have, however, made prac-
tical hypersonic weapons appear to be within reach. Most promi-
nently, China, Russia and the US have pursued, and claimed varying 
successes in the testing of, hypersonic missiles.14

There are currently two primary streams of development in hyperson-
ic weapons: 

x Hypersonic glide vehicles (HGVs)15  are typically launched by 
rocket into the upper atmosphere and released at an altitude of 
between 40 and 100 km from where they glide to their target at 
hypersonic speed. HGVs have a reach comparable to ballistic 
missiles but they fly at a lower altitude, and a negligible portion 
of their flight path follows a ballistic trajectory.16 This results in 
the time between detection by ground-based sensors and impact 
being shorter compared to a ballistic missile’s re-entry vehicle.17  
HGVs are manoeuvrable during their glide phase and can be 
redirected in flight to a different target than initially planned.18

x Hypersonic cruise missiles (HCMs), sometimes referred to as 
‘air-breathing cruise missiles’, are powered during their entire 
flight. They need to be accelerated to a speed of Mach 5 before 
an advanced jet (ramjet, scramjet) engine can take over to main-
tain speed.19 HCMs could be ground-, air- or ship-launched and 
would likely fly at an altitude of 20 to 30 km,20 beyond the reach 
of most current air-to-surface missile defence systems. They could 
reach targets that are 1000 km away within minutes.

In addition, missile systems, such as Russia’s Iskander-M, that 
feature aerodynamic manoeuvring at high-supersonic speeds or 
manoeuvring ballistic missile warheads are sometimes described 
as hypersonic.21 Projectiles fired from electromagnetic or powder 
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control access to missile technologies with a view to maintaining 
international stability or security offer some controls on hypersonic 
weapons. An example is the Missile Technology Control Regime 
(MTCR), a politically binding agreement subscribed to by 35 
states with the aim of limiting the spread of missiles and other 
unmanned air vehicles capable of delivering biological, chemical 
or nuclear payloads.50  The MTCR Annex Handbook 2017 mentions 
‘hypersonic glide vehicles’ as one potential type of Manoeuvring 
Re-entry Vehicle (MARV) controlled under Category I.51 However, 
Category I only captures re-entry vehicles ‘if they meet the criteria 
of a 500-kg payload and a greater than 300-km range and are not 
designed as a peaceful payload’.52 As hypersonic weapons can 
inflict damage with a small conventional payload or their kinetic 
energy alone, many types may fall below this weight threshold.53 
In addition, certain countries developing hypersonic weapons, like 
China, do not participate in the regime.54

x The use of hypersonic missiles is, in any case, subject to interna-
tional legal rules on the resort to force by states (jus ad bellum) 
and constrained by the rules of international humanitarian law 
governing the conduct of hostilities. Certain scenarios involving 
hypersonic weapons, such as their use ‘to interdict illicit transfers 
of nuclear weapons, material, or technology among rogue states, 
terrorist groups, and criminal networks’55 raise concerns regarding 
compliance with Article 2(4) of the UN Charter and peremptory 
norms of customary international law.56  Consideration should 
also be given – including in the legal review of new hypersonic 
weapons –57  to how the use of hypersonic weapons affects the 
protection of civilians against the effects of hostilities,58  notably 
in light of concerns regarding their ‘inadequate precision’.59

x The threat or use of hypersonic weapons with a nuclear warhead 
would ‘generally be contrary to the rules of international law appli-
cable in armed conflict, and in particular the principles and rules 
of humanitarian law’.60 Like other nuclear weapons, they would 
be prohibited under the 2017 Treaty on the Prohibition of Nuclear 
Weapons (not yet in force) and limited by the Nuclear Non-Prolif-
eration Treaty (NPT), nuclear weapons free zone treaties and other 
nuclear disarmament and arms control instruments.

Arms control experts from different schools of thought have voiced 
concern that hypersonic weapons might threaten international stabili-
ty and/or security and have suggested avenues to either prevent their 
emergence or deployment or to control their possession or limit their 
use:

x Ghoshal considers that a complete ban on hypersonic weapons 
would be the ‘ideal’ and ‘the only solution viable for preventing 
proliferation challenges in future’, but acknowledges that such a 
ban may not be accepted by states who have invested heavily in 
these weapons already.61

x Based on the premise that states would not make substantial in-
vestments in or rely on untested hypersonic weapons, Gubrud has 
proposed an international hypersonic missile test ban,62  starting 
with an informal moratorium among those countries currently 
pursuing this technology.63 A similar proposal was subsequently 
advanced by a US Air Force officer.64  Aune et al consider a test 
ban to be the ‘best mechanism for control’,65 but questions have 
been raised about unequal access to the means of verification, 
possible impacts on civilian (peaceful) applications of hyperson-
ic technologies,66 the risk of replicating or further entrenching 
power imbalances between have and have-not states, and the 

testing, modelling and simulation difficult and costly, not least 
because hypersonic wind tunnels need to be constructed and engi-
neered to produce flight-representative conditions.

Adverse effects and risks

Concerns about hypersonic weapons centre on their implications 
for international stability, security and peace. For states relying on 
advanced missile defence systems (and by extension, their allies), 
hypersonic missiles represent a circumvention of their systems. This 
is motivating an effort to extend capabilities to intercept hypersonic 
weapons, including the development of directed energy weapons and 
deployment of space-based sensors, with space weapons potentially 
to follow.43

Furthermore, the operationalization of hypersonic weapons could 
negatively affect the security of all states and populations. Key 
concerns include:

x The difficulty of predicting the trajectory and target of a hypersonic 
weapon and the possibility of fitting it with a nuclear or a conven-
tional warhead could increase the risk of mistaking a convention-
ally-armed missile for a nuclear-armed one or associating it with a 
completely disarming attack. This could prompt states to put their 
militaries on a ‘state of hair-trigger readiness’.44  It could also lead 
to a greater tendency to use pre-emptive strikes against states 
that possess hypersonic technology or induce ‘a reconsideration 
of traditional second-strike calculations’.45 Attempts by states to 
develop effective defence systems against hypersonic weapons 
may increase the militarization of space.46 Taken together, these 
dynamics would increase conflict instability and the risk of rapid 
conflict escalation, run counter to de-alerting efforts and under-
mine long-standing arms control and disarmament efforts.

x The compressed timeline for decision-making forced by hypersonic 
weapons could further reduce states’ ability to exert a measure of 
control over the escalation of tensions and conflict and increase 
the risk of miscalculations and accidents. It could also erode 
democratic control and oversight of uses of force, as there is a risk 
that the need to react swiftly incites some states to move authori-
zation to conduct military strikes down the chain of command.

x A costly hypersonic weapons-driven arms race could also under-
mine the achievement of the Sustainable Development Goals.

Governance and regulation

No multilateral weapons control body has thus far given hypersonic 
weapons focused attention47 despite the enthusiasm generated in 
certain quarters and widespread agreement among arms control 
experts that the developing arms race in hypersonic weapons is 
wasteful, destabilizing and dangerous.48 Tackling hypersonic weapons 
is complicated by the dynamics of both nuclear and conventional 
arms control, and challenges facing multilateral missile control.49

There are, however, a number of existing regulatory frameworks 
that limit the use of, as well as other activities involving, hypersonic 
weapons:

x Although there is no universally accepted norm or instrument 
that governs missiles in all their aspects, multilateral regimes to 
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transparency measures such as data exchanges and notifications 
as realistically achievable options.83 

x The organization of an international conference to discuss the 
issue has also been proposed,84 and the Secretary-General has 
tasked the UN Office for Disarmament Affairs and the UN Institute 
for Disarmament Research to study the peace and security 
implications of long-range conventional weapons, including those 
using hypersonic technologies, to enable his Advisory Board on 
Disarmament Matters to ‘make practical recommendations for 
arms control measures’.85

Despite some shortcomings, these proposals point to valuable ave-
nues to explore, in combination or individually. Inaction risks compli-
cating other arms control endeavours, especially in relation to nuclear 
disarmament, missile control and efforts to restrain the weaponiza-
tion of outer space.86 Generating the political will to move forward is, 
thus, critical. At present, there is a tendency to expect that a small 
number of states – those who actively pursue the development of hy-
personic weapons – champion control initiatives. This leaves the ma-
jority of states and other actors without a stake in the debate despite 
the fact that the effects of hypersonic weapons will be felt by states 
and communities worldwide. Recognizing how hypersonic weapons 
threaten our common security may help mobilize political will to move 
forward. As the UN Institute for Disarmament Research (UNIDIR) and 
the UN Office for Disarmament Affairs (UNODA) underline in a recent 
report: ‘it is feasible and desirable for States to pursue a multilateral 
process that would address issues related to the development of 
hypersonic weapons’.87

willingness of states that have dedicated large sums towards the 
development of hypersonic weapons to support a test ban.67

x A targeting ban has also been suggested, either as a unilater-
al risk reduction measure by which a state would refrain from 
developing strategies that involve using hypersonic missiles 
against nuclear targets and command, control and communica-
tions centres,68 or as multilaterally agreed limitations on targets 
or missions assigned to hypersonic weapons.69 Similarly, Podvig 
suggests banning nuclear launched cruise missiles or nuclear 
boost-glide systems to eliminate ‘nuclear ambiguity’.70 Whereas 
this may help to increase nuclear stability and reduce the risk of 
inadvertent escalation and miscalculation, it does not prevent the 
emergence, deployment and spread of hypersonic weapons. These 
measures may also be perceived as being directed only at those 
states that acknowledge a nuclear role for hypersonic weapons, 
letting others ‘off the hook’.

x Various non-proliferation measures have also been proposed. 
Aune et al suggest an agreement modelled after the NPT, ‘where 
non-hypersonic states agree to not pursue the technology, and 
existing hypersonic states agree to keep the hardware and 
expertise required for hypersonic technology to themselves’.71 
In a recent report for RAND Corporation, Speier et al propose 
an initial tripartite agreement between Russia, China and the 
US to limit the proliferation of certain hypersonic technologies, 
followed or paralleled by an agreement by a broader set of states 
on export controls, within or outside of the MTCR.72 More or less 
far-reaching amendments to the MTCR and similar instruments 
have also been proposed.73 Speier et al recommend a policy of 
export denial for complete hypersonic delivery vehicles and major 
subsystems coupled with a policy of case-by-case export reviews 
for scramjets and other hypersonic engines and components, fuels 
for hypersonic use and relevant sensors, navigation, communi-
cation, simulation and testing equipment.74 Siddhartha suggests 
including ‘Lifting Bodies’ or ‘Hypersonic Gliders’ and certain of 
their components among the controlled items.75 Van Ham propos-
es broadening the scope of the MTCR to control ‘Weapons of Mass 
Effect’ (rather than mass destruction) so as to cover ‘hypersonic 
kinetic energy weapons’.76 Whereas there is some optimism about 
the effectiveness and political feasibility of export controls on 
hypersonic missiles,77 non-proliferation measures are always vul-
nerable to the criticism of replicating the oft-resented ‘haves and 
have-nots’ dynamics,78 and only partially address the destabilizing 
potential of current hypersonic weapon developments. They do not 
prevent further development of hypersonic capabilities by states 
already engaged on this path and other states may therefore be 
unwilling to forego potential future acquisition.

x Zhao has suggested that hypersonic weapons should be ‘account-
ed for’ in arrangements limiting or reducing strategic arms,79 
for example, within the framework of the successor to the New 
Strategic Arms Reduction Treaty (New START) concluded between 
the US and Russia and expected to last into 2021.80 This would go 
some way in addressing the risks of ‘entanglement’ of convention-
al and nuclear aspects, but bilateral agreements do not bind other 
relevant states, and there appears to be limited appetite for such 
cooperative measures between the US and Russia at present.81

x Others have emphasized the importance of confidence-building 
measures similar to those pursued with regard to ballistic mis-
siles, such as giving advance notice of tests, placing restraints on 
the location of tests and specifying ‘that hypersonic missiles will 
be used only with non-nuclear warheads’,82 and have identified 
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