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Many countries have agreed 
to eliminate biological and 
chemical weapons in the Bi-
ological Weapons Conven-
tion (BWC) and the Chemical 
Weapons Convention (CWC), 
pledged in the Non-Prolifer-
ation Treaty (NPT) to forgo 
or eliminate nuclear weap-
ons and have agreed in the 
Treaty on the Prohibition of 
Nuclear Weapons (TPNW) to 
establish a legal framework 
to ban nuclear weapons. 
There is yet no multination-
al treaty restricting the de-
velopment and use of de-
livery systems for weapons 
of mass destruction (WMD). 
Although the NPT preamble 
emphasizes “the elimina-
tion from national arsenals 
of nuclear weapons and the 
means of their delivery pur-
suant to a Treaty on general 
and complete disarmament 
under strict and effective in-
ternational control,” the NPT 
does not further specify how 
this ultimate goal could be 
achieved for delivery sys-
tems. Compared to deter-
rence and defense, missile 

disarmament received only 
little attention.

The proliferation of delivery 
systems is one of the criti-
cally important issues re-
lated to the overall nuclear 
non-proliferation and arms 
control agenda. Delivery 
systems are an important 
part of WMD, in particular, 
nuclear weapons. Appropri-
ate means of delivery are re-
quired to transport a nuclear 
weapon from its storage or 
deployment area to its tar-
get in a “militarily useful” 
way. Sophisticated delivery 
systems are costly and diffi-
cult to produce, and in many 
cases are the most visible 
parts of a nuclear weapon. 
Therefore, the control of nu-
clear-capable delivery sys-
tems would be an important 
step toward making nuclear 
weapons useless and reduc-
ing the threat of their use. 
This is especially true for 
ballistic missiles, which rep-
resent effective and power-
ful means to deploy nuclear 
weapons.

International control of 
delivery systems

When after the Cold War the 
huge nuclear and missile 
arsenals became obsolete, 
this offered an opportunity 
for effective missile controls. 
To reduce the missile threat 
and prevent destabilizing 
military reactions to missile 
proliferation such as ballistic 
missile defense, a pathway 
towards a NWFW would be 

combined with measures to 
control nuclear-capable de-
livery systems. Restricting 
the means for delivery of 
WMD is essential to reduce 
the threat by such weapons. 

Effective control is compli-
cated by the fact that a va-
riety of delivery systems 
could potentially be used. 
This includes rather sophis-
ticated delivery systems like 
ballistic missiles, airplanes, 
cruise missiles, drones and 
artillery, as well as a wide 
range of “low-technology” 
delivery systems – such as 
civilian cars, aircraft, ships 
or even suitcases – which 
can transport nuclear or oth-
er payloads. While control in 
the first category could ef-
fectively restrict the military 
value of WMD, control in the 
second category would have 
only a minor effect compared 
to the enormous efforts nec-
essary. Therefore, it is rea-
sonable to focus control on 
delivery systems which are 
explicitly designed for their 
military purpose and to deal 
with the residual risk of low-
tech means of delivery by 
other measures.

In the first category of spe-
cially designed delivery sys-
tems, experts emphasize 
the priority for control of the 
various delivery systems dif-
ferently. Most attention has 
been focused so far on bal-
listic missiles, but for some 
observers the military effec-
tiveness of ballistic missiles 
has been exaggerated com-
pared to aircraft. According 
to a 1991 study of the Cen-
ter for International Security 
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and Arms Control, “modern 
aircraft are, indeed, very 
capable and cost-effective 
alternatives for ground-mis-
sions.” Compared to ballis-
tic missiles, combat aircraft 
with equivalent capabilities 
are widely distributed across 
the globe. There are only a 
few hundred ballistic mis-
siles with ranges beyond 300 
km in the hands of devel-
oping countries, compared 
to  many thousand military 
aircraft beyond this range. A 
growing number of countries 
have indigenous design and 
production capabilities, and 
a range of first-rate aircraft 
are for sale in the interna-
tional marketplace.

Although the proliferation 
of land-attack cruise mis-
siles is still at an early stage, 
cruise missiles potentially 
pose a proliferation threat 
comparable to that of bal-
listic missiles and attack 
aircraft, and are deserving 
more non-proliferation ef-
forts. Cruise missiles and 
drones could be easier to 
build than advanced attack 
aircraft or ballistic missiles, 
do not require highly trained 
pilots nor do they place pi-
lots at risk, could be less 
vulnerable than airplanes to 
preemptive or suppressive 
attacks, and are potentially 
very inexpensive compared 
to both ballistic missiles and 
attack aircraft. Using Global 
Positioning Satellite (GPS) 
guidance information or re-
mote control, cruise mis-
siles and drones are poten-
tially highly accurate (down 
to a few meters) and could 

be more destructive as con-
ventional weapons – against 
valuable targets such as the 
World Trade Center or nucle-
ar power plants – than inac-
curate ballistic missiles with 
some WMD capability.

Compared to other nuclear 
capable delivery platforms, 
submarines can operate co-
vertly, so that it is very dif-
ficult to monitor their loca-
tion continuously. Due to 
their long range (more than 
10,000 miles), difficult de-
tectability and ability to op-
erate submerged for extend-
ed periods, submarines can 
potentially launch strategic 
or tactical nuclear weapons 
from close to the territory 
of an adversary. While ma-
jor nuclear weapon states 
have deployed nuclear pow-
ered submarines, it is pos-
sible that modern conven-
tional-powered submarines 
could spread and play a role 
in future military conflicts.

In light of the variety of po-
tential delivery systems for 
WMD, the present control re-
gime is insufficient. The dom-
inant approaches are export 
control by the major suppli-
ers of delivery systems and 
bilateral arms control and 
disarmament of the former 
superpowers. The INF Treaty 
of 1987 removed land-based 
intermediate-range nuclear 
forces of the U.S. and Russia 
(including Cruise Missiles) 
with a 500-5,500 km range 
(was abandoned first by the 
US under the Trump Admin-
istration, then by Russia in 
early 2020). The Strate-
gic Arms Reduction Treaties 

(START I and II) included a 
limitation of intercontinen-
tal ballistic missiles (ICBMs) 
and bombers to 1,600 and a 
reduction of strategic war-
heads to 3,000-3,500. The 
Moscow Treaty (Strategic 
Offensive Reductions Treaty) 
of 2002 and the New START 
Treaty of 2010 aimed to re-
duce strategic warheads and 
missiles launchers. The lat-
ter was extended in early 
2021 while the future of nu-
clear arms control between 
US and Russia remains un-
certain.

The current approach to 
curbing missile prolifera-
tion is the Missile Technolo-
gy Control Regime (MTCR), 
which was initiated in 1987 
and membership has grown 
from seven to 35 member 
countries, largely suppliers 
of missile technology. Al-
though the MTCR has been 
successful in creating an 
international norm against 
missile exports and has 
delayed some missile pro-
grams, more significant ac-
complishments are impeded 
by problems and shortcom-
ings. The MTCR is not a bind-
ing treaty and has no specific 
verification or enforcement 
mechanisms.  Existing bal-
listic missile arsenals are not 
addressed, the asymmetry 
between “haves” and “have 
nots” is ignored, and various 
shorter-range missiles have 
been deployed in a num-
ber of developing countries.  
Strict export controls for du-
al-use goods undermine the 
civilian technology coopera-
tion and economic interests 
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in civilian space flight.

Because of these major de-
ficiencies, supply-side con-
trols need to be comple-
mented or replaced by more 
cooperative, demand-side 
solutions that go beyond the 
MTCR. The most effective 
strategy against proliferation 
is to strengthen the interna-
tional norm against WMD by 
convincing all states, with-
out exception, to forgo the 
option of having WMD and 
related delivery systems. 
Appropriate measures in-
clude not only barriers such 
as export controls but global 
and regional disarmament, 
arms control and conflict 
resolution, security incen-
tives as well as internation-
al economic and technology 
cooperation in exchange for 
giving up WMD.

Regional approaches for 
arms control could include 
confidence-building mea-
sures (CBMs) as launch no-
tification and exchanges of 
information, including es-
tablishment of data cen-
ters; conversion programs; 
common seminars on arms 
control; regional flight test 
bans; a freeze on research 
and development of mis-
sile technologies for military 
purposes. The importance 
of regional approaches to 
disarmament and confi-
dence-building was demon-
strated in South America 
(Argentina and Brazil) and 
South Asia (India and Paki-
stan).

Since the different types of 
delivery systems are close-

ly interrelated, it is insuffi-
cient to restrict control only 
to one means of delivery. 
As has been outlined in the 
1995 INESAP Study “Beyond 
the NPT: A Nuclear Weapon 
Free World”, an integrated 
approach is necessary that 
goes beyond the present 
regime. According to this 
study, a number of possible 
measures for limiting sys-
tems that could be used for 
nuclear delivery, could com-
plement and facilitate the 
elimination of nuclear weap-
ons (for control of ballistic 
missiles see following sec-
tion):

•	 Cruise missile non-pro-
liferation efforts, such 
as the MTCR, should be 
continued and expand-
ed. However, it may be 
necessary to adopt arms 
control approaches that 
deal with the similarities 
between attack aircraft 
and cruise missiles, and 
between their underlying 
technology bases. Verifi-
cation is difficult but not 
an insurmountable prob-
lem, as the INF Treaty 
proved.

•	 To prevent military air-
craft proliferation, states 
could include limits on the 
numbers and capabilities 
of military aircraft in their 
regional arms control re-
gimes. A global ban on 
new types of combat air-
craft would prevent both 
vertical and horizontal 
proliferation in a non-dis-
criminatory way but due 
to the heavy involvement 
of such aircraft in conven-

tional warfare all over the 
world such an attempt is 
currently questionable.

•	 To address the possibili-
ty that nuclear weapons 
could be deployed much 
more widely on subma-
rines, a first step would be 
the creation of an inter-
national control regime, 
similar to the MTCR, fo-
cusing on technologies 
critical for advanced sub-
marines. Joint naval task 
groups operated by the 
UN could monitor, and 
if necessary, control the 
operation of certain sub-
marines during crises.

•	 Diplomatic initiatives are 
required to reduce the 
role of delivery systems 
in critical regions (North-
east Asia, South Asia, 
Middle East) and to devel-
op international norms.

Building an international 
norm against ballistic 
missiles

The most immediate candi-
date for control of delivery 
systems are ballistic mis-
siles, which are perceived as 
especially threatening and 
provoke the development of 
ballistic missile defense sys-
tems. Facing technical diffi-
culties and lengthy develop-
ment periods for advanced 
ballistic missiles and missile 
defenses, there is a chance 
for political initiatives to 
contain the emerging mis-
sile race. A global missile 
threat from states such as 
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North Korea or Iran does not 
yet exist. The United States 
or other countries don’t yet 
have a comprehensive work-
ing missile defense system. 
In both cases the window of 
opportunity may be closing 
soon. Instead of relying on 
a non-existent missile shield 
against a non-existent mis-
sile threat, the international 
community would be better 
advised to act jointly and 
collaborate on preventing a 
missile race on earth and in 
outer space, and promoting 
the disarmament of nuclear 
weapons and delivery sys-
tems. 

As the dangers of an of-
fense-defense missile race 
become imminent, the need 
for actions to reduce the 
role of ballistic missiles and 
to control them becomes ur-
gent, leading to initiatives 
for developing an interna-
tional norm against ballistic 
missiles:

•	 There is need to strength-
en the MTCR by develop-
ing and enhancing CBMs 
among states with mis-
sile capabilities. During 
the 1999 MTCR Plenary, 
the missile suppliers dis-
cussed voluntary com-
mitments to “responsible 
missile behavior”. At the 
conference in The Hague 
in November 2002, states 
agreed on an Internation-
al Code of Conduct (ICoC) 
Against Missile Prolifer-
ation, including a set of 
principles, commitments, 
CBMs and incentives to 
contain and delegitimize 
missile proliferation. The 

Hague Code of Conduct 
(HCoC) comprises general 
principles, moderate obli-
gations and limited CBMs 
such as annual state-
ments on missile policy 
and notification of mis-
sile and space launchers. 
The possession of mis-
siles is not prohibited and 
the intended reduction of 
national missile arsenals 
remained vague which 
raised the concern that 
the main purpose was to 
stop proliferation but not 
question the existing mis-
sile arsenals that would 
discriminate newcomers. 

•	 In 1999, US and Russia 
agreed on a joint ear-
ly warning center, and 
in the following year es-
tablished the Joint Data 
Exchange Centre (JDEC) 
in Moscow to facilitate 
transparency and data 
exchange about launches 
of ballistic missiles with 
more than 500 km range, 
including those from oth-
er countries. Signed on 
December 16, 2000, the 
US-Russian Memoran-
dum of Understanding 
on Notification of Mis-
sile Launches provides 
for pre- and post-launch 
notification of all ballistic 
missile tests and space 
launches, as well as no-
tification of failed satellite 
launches. Other countries 
can join the agreement.

•	 A Russian proposal for a 
Global Control System 
on the non-proliferation 
of missiles and missile 
technology was launched 

in 1999 and further ex-
plored at expert level 
meetings in Moscow in 
the following years, ac-
knowledging the security 
concerns of missile pro-
grams and the need for 
security assurances. A 
Global Monitoring System 
would increase transpar-
ency with regard to mis-
sile launches and reduce 
the risk of miscalculation 
or misunderstanding and 
assistance in the peaceful 
uses of space for states 
that completely give up 
and convert their missile 
programs and capabili-
ties. It included controls 
on missile and missile 
technology transfers to 
third countries and prior 
notification of test launch-
es of ballistic missiles and 
space launch vehicles. 
Despite the participation 
of 71 countries, including 
North Korea, the initiative 
did not lead to concrete 
results in face of oppo-
sition from the U.S. gov-
ernment who saw GCS as 
a vehicle against the mis-
sile defense plans.

•	 In 2000, the UN First 
Committee adopted a 
resolution on missiles in-
troduced by Iran which 
emphasized the “need 
for a comprehensive ap-
proach towards mis-
siles, in a balanced and 
non-discriminatory man-
ner, as a contribution to 
international peace and 
security.” It requested the 
Secretary-General, with 
the assistance of a panel 
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of governmental experts, 
to prepare a report on 
missiles in all its aspects. 
After three meetings of 
the UN Panel of Govern-
mental Experts (UNPGE) 
on Missiles the final re-
port in 2002 summarized 
basic aspects of missile 
development and control 
(including a definition of 
missiles), but large di-
vergences prevented a 
recommendations. The 
report emphasized the 
large diversity of missiles 
and then estimated the 
total number of missiles 
worldwide as 120,000. In 
September 2002, a sec-
ond working group was 
established which did not 
find a consensus docu-
ment.

All these initiatives fell short 
of the initial promises and 
expectations. Conflicting in-
terests of the missile pow-
ers and, in particular, the 
lack of interest of the US 
administration in multilat-
eral arms control watered 
down the original intentions 
and did not restrain missile 
programs. The link between 
ballistic missiles and space 
launchers was recognized 
as a problem. In none of the 
initiatives was the disarma-
ment or elimination of ballis-
tic missiles seriously consid-
ered.

While progress among gov-
ernments remains slow, it 
is important to think ahead 
towards a more comprehen-
sive international missile 
control regime that takes 
into account the various 

stages of missile develop-
ment, and the asymmetries 
among missile owners. As 
missile development ad-
vances, the potential threat 
increases. Once a missile 
has been tested, bans on de-
ployment will be more diffi-
cult. As rapid breakout from 
an agreement remains pos-
sible, this will require strict-
er controls. Strengthening 
international ballistic missile 
controls will be a long-term 
process necessarily involv-
ing the adoption and evolu-
tion of a wide range of mea-
sures, from comparatively 
modest measures (such as a 
Code of Conduct, bolstered 
export controls, and missile 
monitoring and launch-no-
tification agreements) to 
far-reaching disarmament 
treaties establishing global 
missile disarmament. Inter-
mediate options would in-
clude restrictions on missile 
testing and the creation of 
missile-free zones. Candi-
dates for such areas would 
be Latin America and Africa, 
which have established nu-
clear-weapon-free zones.

A missile non-proliferation 
regime, allowing missile 
owners to keep their ar-
senals, would have limit-
ed efficiency compared to 
non-discriminatory missile 
disarmament. The only way 
to deal with asymmetries be-
tween countries would be to 
set up an international norm 
against ballistic missiles that 
entitles all countries to equal 
rights. To build momentum 
for a comprehensive alter-
native, a step-by-step ap-

proach is appropriate which 
keeps the long-term goal 
in mind.  Initial steps could 
be risk-reduction and con-
fidence-building measures, 
such as de-alerting, im-
proved ballistic missile early 
warning and launch notifica-
tion.

Test restrictions would effec-
tively prevent new missile 
designs and limit modifica-
tion of traditional technolo-
gy, although unsophisticated 
indigenous missile systems 
could still be developed and 
deployed with minimal test-
ing. A ballistic missile flight-
test ban would preclude the 
testing of new missiles and 
reduce the chance of acci-
dental or intentional war. In 
order to prevent a missile 
race and buy more time for 
political initiatives, it would 
be helpful to institute a 
moratorium on the further 
development, testing and 
deployment of ballistic mis-
siles. To address concerns 
about asymmetries and 
discrimination, a “missile 
freeze” could cover offensive 
and defensive missiles and 
be designed as a temporary 
measure while countries ne-
gotiate disarmament steps 
for missiles and other deliv-
ery systems. Simultaneous 
regional security initiatives 
would be crucial to diminish 
incentives for missile devel-
opment.

When planning next steps, 
long-term perspectives 
should be taken into ac-
count, such as a ballistic 
missile ban that would ef-
fectively remove this threat. 
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Expanding the proposal dis-
cussed between Ronald Rea-
gan and Mikhail Gorbachev 
at the 1986 Reykjavik Sum-
mit, in 1992 the Federation 
of American Scientists (FAS) 
presented a model for the 
elimination of ballistic mis-
siles: Zero Ballistic Missiles 
(ZBM). Such a regime would 
aim at the complete elimi-
nation of offensive ballistic 
missiles and combine uni-
lateral declarations with re-
gional and global multilat-
eral agreements. The ZBM 
proposal—which the FAS 
backed up with a complete 
draft treaty—combined a 
comprehensive framework 
with a stepwise approach, 
including bilateral cuts be-
tween the USA and Russia, 
ballistic-missile-free zones, 
an international Missile Con-
ference, the creation of an 
International Agency for Bal-
listic Missile Disarmament 
and, finally, agreement on 
the varying schedules nec-
essary to reach zero ballistic 
missile capability.

A control regime on ballistic 
missiles and space weapons 
could be also extended to 
the international control of 
ballistic missile defenses, re-
versing the abrogation of the 
Bush administration from 
the ABM Treaty in 2002. The 
terms of a new treaty could 
be made more precise and 
verifiable and/or be interna-
tionalized. Such limits would 
relate to the altitude, rela-
tive distance and velocity of 
interceptor tests, and to lim-
its on laser brightness or to 
the aperture of sensors and 

mirrors.

Monitoring and 
verification

A crucial aspect in the inter-
national control and disar-
mament of delivery systems 
is verification. To exemplify 
the possibilities and prob-
lems, the case of verifying 
ballistic missile disarmament 
is used. The monitoring and 
surveillance of missile and 
space-related activities and 
the exchange of technical 
data would support an ef-
fective missile-control verifi-
cation system. A variety of 
technical and non-technical 
means of verification exist 
to monitor ballistic missiles 
and their elimination. Re-
mote sensing in the visible, 
infra-red or radar spectra, 
based on satellites, aircraft 
or on the ground, allows ob-
servation of missiles and re-
lated launch and test facili-
ties. Some of the verification 
tasks can be performed by 
commercial satellites, which 
are becoming increasingly 
cheap and efficient.

Reconnaissance overflights, 
e.g. under the Open Skies 
regime (abandoned by US 
President Donald Trump in 
2020) provide an alternative 
to satellite monitoring for 
many countries and can even 
supply superior information. 
During testing and training, 
a rocket communicates with 
its operators by sending and 
receiving telemetry signals 
which can be intercepted 

by receivers on ground sta-
tions, vehicles and satellites. 
Telemetry provides the nec-
essary information on mis-
sile characteristics but is 
only accessible to others if 
non-encrypted.

To ensure adequate verifica-
tion of ballistic missile elim-
ination regimes, technical 
means of verification need to 
be accompanied by inspec-
tions. As the experiences 
of the UN Special Commis-
sion (UNSCOM) inspections 
in Iraq have shown, a re-
gime of unimpeded fast ac-
cess to suspect sites is re-
quired to detect evidence of 
non-compliance. Verification 
problems are much easier to 
solve when states cooperate 
and are willing to exchange 
information. Systematic in-
spections of all ballistic-mis-
sile-related sites can provide 
basic information on an initial 
balance. Random short-no-
tice inspections of declared 
sites should be augmented 
by a system of challenge 
inspections to undeclared 
sites. Pre-launch inspections 
would ensure that no unde-
sired payload is used.

National or international 
technical means of verifica-
tion could focus on observ-
able rocket characteristics 
(number, size, range, pay-
load, deployment mode, 
launch preparations, flight 
trajectory), which provide 
indications of rocket type 
and performance. Much of 
the missile-program infra-
structure – such as produc-
tion facilities, test ranges, 
tracking and communication 
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facilities, missile containers 
and missile-carrying vehi-
cles - is visible. The biggest 
complication might be the 
dual-use of ballistic missiles 
and space launch vehicles 
(SLVs). Differentiating be-
tween both rocket types is 
difficult, since much of the 
technology is easily convert-
ible. However, some func-
tional differences and oper-
ational characteristics could 
be used to improve distinc-
tion, such as differences in 
the basing mode, the test-
ing procedures, the payload, 
flight trajectory, guidance 
systems and re-entry.

The case for a regime 
to control and monitor 
space launchers is greatly 
strengthened when consid-
ered in the context of pre-
venting an arms race in out-
er space. Since man-made 
objects in orbit would enter 
space through space rock-
ets, a monitoring system at 
space launch facilities could 
not only search for indica-
tions of ballistic missile use, 
but also for the space-weap-
on usability of the payload. 
This would provide increased 
transparency concerning 
space activities in general, 
and would effectively ex-
clude the deployment and 
testing of space weapons 
using ground-based space 
launchers. An international 
control body could be set up 
to verify that space technol-
ogy is not used for the de-
velopment and production of 
ballistic missiles

To determine the basic pay-
load type – in particular, to 

detect re-entry vehicles at 
the front of a rocket - with-
out disclosing proprietary 
information, non-intrusive 
devices and techniques can 
be applied, such as scanning 
and radiographic devices. 
Ground-based equipment 
for different regions of the 
radiation spectrum could 
be mutually complementa-
ry: nuclear radiation detec-
tion could search for alpha, 
beta and gamma radiation, 
indicating nuclear materi-
als. Neutron detection would 
exhibit information about 
the types of materials used, 
in particular whether they 
include explosives. X-ray 
equipment could provide ba-
sic design information while 
preventing violation of com-
mercial interests. In case 
of suspicion, more precise 
x-ray detection, computer 
tomography or – in excep-
tional cases – the opening 
of the payload in the pres-
ence of inspectors could re-
move uncertainties about 
non-compliance.

Under a comprehensive 
space-launch notification 
agreement and missile flight 
test ban, any non-controlled 
space launch would be pro-
hibited, and the detection 
of any rockets outside of 
agreed launch pads would 
indicate a violation. To limit 
the risk of undetected activ-
ities, it would be particular-
ly important to implement 
measures that prevent the 
transformation of space 
launch technology for bal-
listic missiles. A safeguards 
system for space launch-

ers could place some of the 
“most critical” items under 
supervision by an interna-
tional organization. Interna-
tional cooperation in civilian 
space programs would also 
be important for containing 
the use of space technology 
for missile development.

Citizens and non-govern-
mental organizations can 
play an important role in 
promoting, implementing 
and verifying missile control 
and disarmament. Societal 
verification is essential to 
increase the risk of detec-
tion for those who secret-
ly build a missile capability. 
In order to increase public 
awareness, a greater pub-
lic discourse on the missile 
problem and its resolution 
is required. By building a 
network of information ex-
change and debate, experts, 
civil society and officials 
could be jointly engaged in 
this process. Activities could 
include meetings and con-
ferences involving scientists 
and technicians, as well as 
protests at, and attempts to 
conduct citizen inspections 
of, critical facilities.

Note: This article comprises 
some of the work of the au-
thor, based on earlier publi-
cations.
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