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Oliver Meier

O 10  1996 the UN General Assembly endorsed the Comprehensive

Nuclear Test Ban Treaty () by 158 votes to three. After decades of difficult

negotiations the international community had not only agreed to end nuclear

testing, but it had also reached consensus on the verification requirements for

such a restriction. One of the major stumbling blocks to the conclusion of a universal

interdiction on nuclear testing had been conflicting attitudes towards ‘efficient’

and ‘effective’ verification. This chapter considers the debate about the verifiability

of a nuclear test ban by examining the verification discussions leading to the 1963

Limited Test Ban Treaty (), the 1974 Threshold Test Ban Treaty (), the

1976 Peaceful Nuclear Explosions Treaty () and the  itself.

The ’s verification system, which is currently being set up by the provisional

CTBT Organization () in Vienna, Austria, is widely believed to be sufficient

to assure compliance and to detect cheating. This chapter outlines the regime, as

well as the status of its implementation. Unfortunately, however, the story does

not end there. Four years after the  was opened for signature, prospects for its

entry into force are still uncertain, with some key countries still refusing to sign

and ratify the accord. As of 20 October 2000, 160 states had signed the Treaty, and

66 had ratified it.1 The chapter concludes by summarising the key challenges that

need to be overcome before the  can enter into force and its verification

system becomes fully functional.

The Limited Test Ban Treaty2

In the early 1950s concern about the consequences of fallout from atmospheric

nuclear tests triggered international pressure to end such activity. Given the advent

of the nuclear arms race, though, it was difficult to agree on a ban, since both the
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East and the West wanted to test their emerging nuclear weapon designs. In addition,

they pursued different arms control strategies. The US and other Western govern-

ments initially linked the test ban issue to general progress in arms control, while

the Soviet Union wished to treat it as a separate matter.

During the Cold War, the East and the West also held different views on the

verification requirements for a test ban. The US favoured a ‘verification first’

approach, arguing that talks could only take place after strict standards for verifi-

cation had been agreed. Many in Washington saw verification as a technical problem

and argued that the technical possibilities for verification should determine the

scope of a test ban. For its part, the Soviet Union purported to place verification in

a broader ‘political’ context in which arms control per se, preferably of the purely

declatory variety, was seen as building confidence, rather than requiring verification

to enhance confidence in its own implementation.3 In reality, the Soviet Union

was opposed to any kind of intrusive verification, especially on-site measures, such

as inspections or monitoring stations, which it saw as ‘legalised espionage’.

A breakthrough came in 1957, when the Soviet Union accepted, for the first

time, that monitoring stations could be placed on its territory. The administration

of US President Dwight D. Eisenhower subsequently proposed the establishment

of a group of scientific experts, which would analyse verification measures for a

test ban. An international Conference of Experts convened in Geneva in July–

August 1958. Their report, presented on 21 August 1958, concluded that a ‘control

system’ of some 170 monitoring stations, using different verification technologies,

would be sufficient to detect, with high probability, tests involving yields of more

than one kiloton (kt).4

The scientists identified seismology as the technology with the greatest potential

for monitoring a nuclear test ban, but they argued that some on-site inspections

(s) would be necessary.5 The Conference of Experts was the first of a series of

such meetings that would be central to establishing international consensus on the

verification requirements for a comprehensive test ban.6 The meetings prepared

the ground for political negotiations, kept the test ban issue alive in times of

political tension, created a common understanding of the problems that needed

to be addressed, and sometimes developed novel solutions to such problems.7

In November 1958 the existing nuclear weapon states—the Soviet Union, the

UK and the US—began tripartite negotiations on a comprehensive test ban. In

January 1959 the West dropped its insistence that a test ban be linked to progress
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in general disarmament, thereby removing a major obstacle to a treaty restricting

nuclear explosions. Once tripartite talks were underway, all negotiating states agreed

to observe a three-year test moratorium, lasting until 1961.8 During the discussions,

the different verification concepts of the interlocutors again became clear.

The number of s was the most visible point of disagreement: Washington

wanted more than Moscow was willing to tolerate. But these disagreements were

rooted in deeper conflicts about the nature of the s, including triggering mechan-

isms and the decision-making procedure.9

Negotiations broke down after an American -2 spy plane was brought down

over the Soviet Union in 1960 and the Berlin Wall was constructed in 1961. For a

short period test ban talks assumed a multilateral character, after negotiations

moved, in March 1962, to the new Eighteen Nation Disarmament Committee in

Geneva. The Cuban missile crisis of October 1962 convinced the leaderships of

both superpowers that progress in nuclear arms control was urgently needed if

similar confrontations were to be avoided in future.

But test ban opponents, especially in the US, continued to argue that a compre-

hensive interdiction would be unverifiable, because small underground tests could

not be detected by a monitoring system. To avoid such difficulties, the US proposed,

on several occasions, a limited ban on atmospheric and underwater nuclear

testing. On 2 July 1963, Soviet Premier Nikita Krushchev accepted the West’s

proposal to keep underground nuclear tests outside the scope of the Treaty. Tripartite

discussions resumed on 15 July 1963, and the  was negotiated in just 10 days.10

Representatives of the Soviet Union, the UK and the US signed the  in

Moscow on 5 August 1963, and the Treaty entered into force on 10 October 1963.

It is of unlimited duration and open for signature by all states. More than 100

nations have acceded to it. Under the accord, parties are obliged ‘to prohibit, to

prevent, and not to carry out any nuclear weapon test explosion, or any other

nuclear explosion, at any place under its jurisdiction or control . . . in the atmos-

phere; beyond its limits, including outer space; or under water, including

territorial waters or high seas; or . . . in any other environment if such explosion

causes radioactive debris to be present outside the territorial limits of the State

under whose jurisdiction or control such explosion is conducted . . .’.11

Treaty members had to rely on their national technical means ()12 to assess

compliance. Given that both sides were confident that atmospheric tests would

not go undetected, the  contains no formal verification mechanism. Advances
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in satellite technology enabled the Soviet Union and the US to identify above

ground nuclear explosions via optical sensors and radiation and electromagnetic

pulse detectors.13 There was also no mechanism to verify compliance with the

prohibition of cross-border contamination by nuclear debris, which would have

required an international mechanism to measure minute traces of radioactivity.14

The Threshold Test Ban Treaty
Notwithstanding the détente between the Soviet Union and the US in the 1970s,

the military and political context was not conducive to agreement on a low threshold

or comprehensive test ban. Both sides’ militaries were pressing for the development

of new nuclear weapon technologies. Little progress towards negotiation of a nuclear

test ban was made in the years immediately following the conclusion of the .

But advances in verification technology made it harder for test ban opponents in

the US and elsewhere to use verification as an argument against the prohibition of

nuclear tests. Increased technical capabilities and an improved understanding of

the differences between seismic waves created by earthquakes and those caused by

explosions (nuclear and conventional) led the technical community to believe that

‘a threshold somewhere between 5 and 30 kt was technically feasible, using verifica-

tion by technical means only’.15 Despite such advances in remote monitoring,

the US refused to relax its demands for a stringent  regime.16 Moscow, however,

insisted that a comprehensive test ban could be verified using only .

The 17 was signed in Moscow on 3 July 1974, and fulfilled two objectives:

continuation of the arms control process without hampering nuclear weapons

research and development. The Treaty (a bilateral agreement not open to other

states) established a 150kt threshold for military tests, which was to take effect on

31 March 1976. While advances in verification technology had made agreement on

a lower threshold or a comprehensive test ban easier, the  did not take advantage

of these opportunities. In contrast to the , however, the  did contain

basic verification provisions, which were detailed in a two-page protocol. But

verification was again left to , such as satellites and national seismic stations.18

The parties agreed not to interfere with each other’s , although the  did

‘not expressly prohibit concealment measures because there were no plausible scen-

arios for hiding the signals from very high-yield underground tests’.19

The 150kt threshold of the  created a different kind of verification problem:

how could the parties tell the difference between a 150kt test and one with a yield
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of 151kt, the latter constituting a treaty violation? To alleviate this problem, they

consented to an information exchange, which helped to establish the basic para-

meters for measuring the yields of each other’s tests through remote monitoring.

Specifically, they agreed to share the exact locations of nuclear test sites, information

about the geology of these sites, the co-ordinates of past nuclear tests, and, in

order to calibrate their monitoring stations, the yield, date, time, depth and co-

ordinates of two nuclear tests. They also agreed that nuclear weapon tests would

be conducted only within declared sites. Even though these verification provisions

appear limited today, the  was the first bilateral nuclear arms accord that went

beyond national technical means of verification.

At the same time, there was improved scientific understanding of the verifica-

tion requirements of a multilateral and comprehensive test ban. In 1971, 1973 and

1976, the Conference of the Committee on Disarmament ()—the successor

to the Eighteen Nation Disarmament Committee—organised informal meetings

with seismologists to discuss international verification of a test ban. These meetings

led to the establishment of the Ad Hoc Group of Scientific Experts to Consider

International Co-operation Measures to Detect and Identify Seismic Events, which

became known as the Group of Scientific Experts (). The , which met twice

a year, was open to all members of the —and, later, the Committee (then

Conference) on Disarmament ()—and experts from invited non-member states.

The  delivered its first report to the  in March 1978, and in July elaborated

the technical details of the proposed monitoring system.20 The reports established

parameters for the international monitoring system that would become part of

the . The  recommended the setting up of:

• an international network of seismographic stations;

• an international communication facility; and

• several international data centres.21

The  conducted three extended technical tests (s)—in 1984, 1991 and

1995—using existing seismological stations to study the ability of an international

seismic network to monitor a ban on nuclear testing. The participating stations

later formed the core of the  international monitoring system. The third and

final test established an International Data Centre in Arlington, Virginia, US,

which would eventually become the prototype for the CTBT International Data

Centre in Vienna, Austria.
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The Peaceful Nuclear Explosions Treaty
Even though the  threshold was high by any standard, debates about its verifia-

bility continued. The US, even after signing the Treaty, argued that its verification

regime was insufficient because it contained no provisions for s. One loophole

that had to be closed was the conduct of so-called peaceful nuclear explosions

(s). Driven by the US, which had effectively ended its  programme by

1974,22 talks began in October 1974 on a , as foreseen in Article  of the

. Again, discussions about verifiability were central to the outcome.

The product of these talks, which ended in April 1976, was sobering. The 

established the same threshold for underground explosions conducted outside

nuclear test sites as the : 150kt. This was designed to remove any potential

advantage being gained from substituting nuclear weapon tests with s.23 But

the Treaty contained neither a limit on the number of such (presumably) peaceful

explosions, nor a ban on multiple s. To ensure implementation of the ’s

consultation and verification provisions, the parties agreed to establish a Joint

Consultative Commission. In an Agreed Statement, Moscow and Washington

also announced that they would not use s to advance their knowledge about

nuclear weapons technology, although this was not verifiable.

While the Treaty itself may have been ‘worse than no solution’24 to the problem

of s, an important advance was made in verification. Again, verification of

s was mainly left to . But it was difficult to distinguish so-called group

explosions (when several are conducted almost simultaneously at a single site).

The Soviet Union wanted to maintain the option of conducting multiple nuclear

explosions with a combined yield that might exceed 150kt.25 Moscow, therefore,

was willing to accept ‘ways that will permit identification of each individual explo-

sion and determination of the yield of each individual explosion’.26 Under Article

 of the protocol to the , s could be requested at the site of a planned

group explosion. The inspection team was allowed to bring its own equipment

(detailed in the protocol) to determine the number and yield of nuclear explosions.

Even though these provisions are rather modest by modern standards, the resulting

 had a technical content that went beyond any other arms control agreement

of the time.27 Most important, s had, for the first time, been included in an

arms control accord between the Soviet Union and the US.28

Following the conclusion of the , the Soviet Union, the UK and the US

continued, from 1977 until 1980, trilateral talks on a comprehensive ban. The
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tripartite report presented to the  in July 1980 contained no agreement on a

comprehensive test ban, but it broke new ground on verification. The report inclu-

ded an agreement on the exchange of seismic data, the establishment of a committee

of experts and s.29

These recommendations were not pursued because the administration of US

President Ronald Reagan, which came to office in 1981, stopped discussions with

the Soviet Union on most arms control issues, including a . The administration

believed that  and  verification provisions were insufficient and accused

the Russians of violating the former Treaty.30 Moscow and Washington separately

announced that they would observe the 150kt limit for nuclear explosions, but

they did not implement any of the verification or confidence-building measures

contained in the  and .31

While high-level agreement on verification could not be reached, the first ‘track

two’ attempt at advancing the debate on verifiability was made. In 1986 the Natural

Resources Defense Council, a US non-governmental organisation, and the Soviet

Academy of Sciences signed an agreement that led to the installation of seismic

monitoring equipment near one of the Soviet test sites, Semipalatinsk in Kazakhstan,

and at the US Test Site in Nevada. Even though the agreement was opposed by the

Reagan administration, as well as by Soviet hardliners, American and Soviet scientists

operated seismic stations near a Soviet test site during a nuclear test moratorium

and were later allowed to monitor Soviet tests from 600 miles away. For the first

time, on-site and off-site monitoring in the Soviet Union had been conducted by

an independent third party.32 This non-governmental initiative, which was followed

in 1987 by an official Joint Verification Experiment, played an important role in

overcoming the Reagan administration’s test ban ‘blocking strategy’.33

Debate about the verification of a test ban changed when Soviet President Mikhail

Gorbachev took office in March 1985. Soon the Soviet Union compromised on

many US demands, paving the way for an understanding on  and  verifica-

tion. In 1987 the Soviet Union and the US started ‘nuclear testing talks’ on an

extended verification protocol for the . But it was not until 1 June 1990, when

Gorbachev and US President George Bush signed protocols to the  and the

, that the two Treaties were ratified in the US and subsequently entered into

force on 11 December 1990. The new 70-page  protocol, which replaced the

original, detailed the use of in-country seismic monitoring technologies, including:

hydrodynamic yield measurements of all tests with a planned yield exceeding
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50kt; seismic monitoring; and s for all tests with a planned yield exceeding

35kt. It also allowed inspectors to take geological samples to confirm data collected

by remote stations.34

While the  and the  were ‘lowest-common-denominator treaties meant

to symbolize superpower cooperation without triggering verification dilemmas

or domestic opposition’,35 they both helped to advance discussions on the verifia-

bility of a comprehensive test ban. States were also able to gain first-hand experience

of verification and confidence building. Consequently, these test ban agreements’

limited verification measures and associated scientific research laid the ground for

a multilateral and comprehensive ban on nuclear tests.

The Comprehensive Nuclear Test Ban Treaty
Negotiations on a  began in the  in January 1994. This was the first time

a multilateral body had a mandate to negotiate a comprehensive ban.36 The change

of setting, as well as different ideas about the function and scope of such an accord,

made for a slow start to talks in the ’s subsidiary body, the Ad Hoc Committee

on a Nuclear Test Ban.

On verification, however, negotiators could draw on a rich body of scientific

work.37 Four decades of international discussions on  verification had led to a

common understanding of the capabilities of many verification technologies, espec-

ially seismic. The , in particular, constituted an international core group of

scientists (the ‘detection club’) that was able to advise negotiators in Geneva.38 The

 made a powerful argument that a global network of seismic stations would

be the core of the verification system and that the International Monitoring System

() should use hydroacoustic, radionuclide and infrasound stations.

Positive experiences in arms control verification generally had been acquired in

the 10 years prior to the conclusion of the . In 1987, for example, the US–

Soviet Agreement on Intermediate-range Nuclear Forces had been concluded, with

intrusive verification arrangements. This positive experience was reinforced by

implementation of the 1991 Strategic Arms Reduction Talks () Treaty. In

1990, he member states of  and the Warsaw Treaty Organization signed the

Conventional Armed Forces in Europe () Treaty, and, in 1992, the  concluded

negotiations on the Chemical Weapons Convention.39 This latter multilateral agree-

ment contained an unprecedented verification regime that was to be implemented

by an international organisation.40 The final push for conclusion of the  came
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in May 1995, when the Nuclear Non-Proliferation Treaty () Review and

Extension Conference agreed that a universal and internationally and effectively

verifiable  should be concluded no later than 1996.

In the course of 1995 it became clear that a  would most likely prohibit ‘any

nuclear weapon test explosion or any other nuclear explosion’.41 The main role

of the  verification regime, therefore, was clear: the  would have to be able

to detect and identify any nuclear explosion, no matter where it occurred. By

December 1995, the Verification Working Group’s technical experts had reached

broad consensus on the number and distribution of stations, which determined

the eventual design of the .42 But this still left a number of important questions

about scope unanswered, such as whether so-called hydronuclear experiments and

other subcritical tests would be permitted and whether the Treaty should also

cover test preparations. In the end, acceptable compromises were made on these

and other questions.

Negotiations concluded in August 1996. India vetoed the Treaty’s adoption in

the  because it was included in a list of 44 states that had to ratify the 

before it could enter into force.43 Australia initiated its transfer to the UN General

Assembly, where it was adopted and opened for signature on 24 September 1996.44

The CTBT verification system
The agreed verification system is robust and effective enough to assure member

states that attempts to cheat the system will be detected with a high degree of

probability, even though it does not use all available verification technologies.45

The  will consist of 321 monitoring facilities and 16 radionuclide laboratories,

located in some 90 countries. Four types of stations are to be established:

• seismological;

• infrasound;

• hydroacoustic; and

• radionuclide.

The seismic network will form the core of the verification system. Seismic waves

generated by earthquakes, explosions or other phenomena will be detected using

50 primary and 120 auxiliary seismic stations, distributed globally. In addition, 11

underwater hydroacoustic stations are being set up.46 Sixty land-based infrasound

stations will use sonar to detect atmospheric tests, while 80 radionuclide stations
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will measure radioactive particles in the atmosphere from atmospheric nuclear

tests or underground tests that vent. Sixteen radionuclide laboratories will analyse

filters from the stations, as well as samples taken by inspectors.

The four different technologies operated by the  are complementary and

are able to detect tests in different environments. It is also becoming increasingly

clear that synergy between the different technologies may considerably improve

the System’s detection capability.47 During the negotiations, a one-kiloton threshold

for fully coupled underground nuclear explosions was used as a guide. In many

instances, the  will be able to detect much smaller tests.48 The task of realising

the potential for complementarity will rest with the International Data Centre

(), which will receive and process information from all  monitoring facilities

and will distribute data to member states.

After a slow start, implementation of the  verification system is making

good progress.49 The future  will consist of a Conference of the States Parties,

an Executive Council and a Technical Secretariat. A Preparatory Commission is

in charge of setting up the verification system until the Treaty enters into force.

Its two Working Groups—on verification and finance—have been making the

necessary political decisions to guide the work of the Provisional Technical

Secretariat ().

Remaining challenges
The debate about the ’s verifiability did not end, however, with its opening

for signature. Three issues are at the centre of the current debate:

• the question of s;

• the confidentiality of monitoring data; and

• the possibilities for evading detection.

Given the test ban’s negotiating history, it was not surprising that the purpose and

scope of s were among the most controversial aspects of verification discussions

during the  negotiations. But the  provisions agreed are among the most

intrusive in multilateral arms control. An  may be requested by any party and

will be conducted only if at least 30 of the Executive Council’s 51 member states

support the proposal.50 An  request may be based on information collected by

the , and/or, more controversially, on ‘any relevant technical information’

obtained by  ‘in a manner consistent with generally recognised principles of
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international law’.51 During an —which can last for a maximum of 70 days—

a team of no more than 40 persons can inspect up to 1,000 square kilometres.

Inspectors’ rights during s were not only a contentious issue in the negotia-

tions, but they remain problematic in the Preparatory Commission (PrepCom).

Progress is slow in developing an Operations Manual for s.52 Some states, which

are fearful of overly intrusive s, are attempting to constrain them through a

Chronology of the CTBT

1958 Group of Experts (from Canada, Czechoslovakia, France, Poland, Romania, Soviet Union,
UK and US) convenes in Geneva on 1 July. Report presented on 21 August 1958. UK–US–Soviet
Conference on Discontinuance of Nuclear Tests opened in Geneva (31 October) (Recess 5 December
1960–March 1961; adjourned 29 January 1962)

1962 Eighteen Nation Disarmament Committee puts issue of a comprehensive test ban on its
agenda (4 March) and establishes subcommittee on nuclear test ban (21 March 1962)

1963 The  signed in Moscow by Soviet Union, UK and US (5 August)

1968 International meeting of seismic experts in Sweden at invitation of Stockholm International
Peace Research Institute

1970 Nuclear Non-Proliferation Treaty enters into force, making full-scope nuclear safeguards for
non-nuclear weapon states mandatory (5 March)

1974 The  signed in Moscow by Soviet Union and US (3 July)

1976 The  signed by Soviet Union and US (28 May). Establishment of Group of Scientific
Experts () by Geneva Conference of the Committee on Disarmament () (July)

1977 Trilateral test ban negotiations begin (until 1980)

1978 First comprehensive  report to  (9 March)

1980 GSE Global Telecommunication System technical tests (until 1983)

1982 Ad Hoc Committee at Conference on Disarmament (until 1983)

1984 First  technical test (-1)

1986 Natural Resources Defense Council–Soviet Academy of Sciences verification experiment

1987 Joint Verification Experiment at test sites in Nevada, US, and Semipalatinsk, Kazakhstan
(August–September). US–Soviet ‘nuclear testing talks’ on verification protocol (until 1990)

1990 Additional Verification Protocols to  and  signed in Washington by Soviet Union
and US (1 June)

1991 Second  technical test (-)
1994 Negotiations on  begin in Conference on Disarmament, Geneva (January). Third 

technical test (-3) with prototype International Data Centre, Arlington, Virginia, US

1996 The  opened for signature (24 September)

1997 Provisional Technical Secretariat of PrepCom for  established in Vienna, Austria (March)

1999 Article  Special Conference, Vienna (6–8 October)

2000 International Data Centre in Vienna assumes responsibility for  data analysis and
distribution (20 February)
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highly detailed manual; others favour giving on-site inspectors greater liberty

and flexibility. International experts are also assisting in identifying elements of

an  infrastructure, including an Operations Support Centre, Information Data

Bank and an equipment storage and maintenance facility.

Access to, and distribution of, verification data were other issues that proved

difficult to resolve in the test ban negotiations. Some countries—led by the US—

opposed an independent analytical capability, fearing ‘politicisation’ of the Organ-

ization. Many associated problems still preoccupy the PrepCom. States without

significant national technical and analytical means will naturally look to the 

for more precise information once initial suspicions of non-compliance are aroused.

Citing the ’s ‘confidentiality’ provision, some states continue to object to

the use of  information for other purposes, like early warning of natural

disasters, assisting humanitarian relief organisations and scientific research.53

Finally, debates about verifiability continue. After India and Pakistan conducted

a series of nuclear test explosions in May 1998, uncertainties about the number

and yields were used to question the effectiveness of the . However, ‘the most

surprising verification failure in the whole episode was not that of the nascent

international monitoring system, but that of US ,54 which failed to pick up

test preparations. The US should, therefore, have an interest in supplementing

its  for monitoring a test ban by ratifying the , supporting the  and

ensuring its full implementation.55 Instead, doubts about ‘verifiability’ were partly

responsible for the Senate’s refusal to give advice and consent to US ratification.56

Test ban opponents argued that the  could not reliably detect very small

nuclear tests, and that this ‘grey area’ provides an opportunity for cheating.57 These

developments highlight the need for an informed, balanced debate in the US

about the benefits and shortcomings of the  and its verification provisions.58

Meanwhile, the PrepCom has to continue to implement the verification system,

so that it is ready when the Treaty enters into force.59 In so doing, it will have to

scale political, financial and legal hurdles. Among the dangers confronting the

PrepCom is a lack of financial support. So far, member states have generally paid

their dues on time.60 It is important to maintain this level of political and financial

backing for the . The PrepCom also has to solve problems relating to its

ambivalent legal status. The  will only be able to conclude, for example, the

legal arrangements with member states that are necessary for setting up and main-

taining  stations after the Treaty has entered into force.61
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But all of these difficulties can be overcome. And even with only about one-

third of  stations reporting to Vienna, some of the synergies between the different

verification technologies are already apparent. The international community has

almost achieved the goal that has occupied politicians, diplomats, activists, arms

control and technical experts for several decades: an effective and efficient verification
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system to ensure compliance with a .
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