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A VERTIC yearbook would not be complete without a chapter on biological weapons 
and the 1972 Biological Weapons Convention (BWC).1 The biological weapons-related 
chapters in previous VERTIC yearbooks focused primarily on verification.2 They ini-
tially addressed the impact of the absence of verification measures, the need to 
strengthen the convention through verification measures, and updates on the United 
Kingdom’s practice inspections. Later they considered progress, setbacks and finally 
the spectacular disintegration of the negotiations for a legally binding agreement—
the ‘verification protocol’—which would have provided verification and compliance 
monitoring measures for the convention in 2001. 

The challenge of how to resolve the verification conundrum in the BWC remains, 
particularly as exponential developments in science and technology increase the risks 
of both intentional and inadvertent non-compliance with the convention—such as the 
deliberate or coincidental development of novel biowarfare agents and related deliv-
ery systems. The BWC inter-Review Conference ‘intersessional’ meeting process has, 
since 2002, successfully evaded calls from various quarters for states parties to col-
lectively and explicitly deal with this verification challenge, most recently at the 2015 
Meeting of Experts. However the issue will undoubtedly resurface at the convention’s 
Eighth Review Conference in late 2016, as a sizeable number of states parties continue 
to call for the convention to be strengthened through an additional, legally-binding 
agreement on verification measures and reiterate their view that compliance can only 
be determined through verification. 

In the absence of agreement to deal with the verification challenge, certain states 
have mooted a handful of proposals3 in the BWC intersessional process on additional 
means for demonstrating compliance and enhancing assurance of compliance with the 
convention. Along with proposals raised by civil society researchers,4 these are per-
colating in the Track I and Track II spheres. It is fair to say that there are divergent 
opinions on pursuing further confidence-building measures over verification and com-
pliance monitoring measures. However these proposals warrant serious consideration 
at the Review Conference as well as by states parties that wish to contest the rather 
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complacent attitude toward compliance in BWC diplomacy by taking on more effec-
tive transparency and confidence-building measures unilaterally and by supporting 
a more systematic and coordinated process for analysing compliance, at least until 
states parties can collectively revisit verification options. 

VERTIC is a non-governmental organisation with longstanding involvement in 
biological weapons diplomacy and related policy research. Over the years, VERTIC 
staff have analyzed the BWC verification negotiations, proposed alternative confidence- 
building, transparency and other measures that could help to alleviate its verification 
lacunae and, more recently, developed legislative tools to assist states to adhere to 
the convention and implement it. This legislative work was prompted by BWC states 
parties renewed interest in national implementation as a result of the intersessional 
process. VERTIC’s legislative assistance work subsequently morphed into a programme 
providing legislative implementation assistance globally not just for the BWC, but also 
other international legal instruments that give rise to domestic legislative implemen-
tation obligations on chemical, biological, radiological and nuclear (CBRN) weapons 
non-proliferation. In particular, this work comprehensively addresses legislative require-
ments for UN Security Council Resolution (UNSCR) 1540 (adopted in 2004) on the 
non-proliferation of weapons of mass destruction to non-state actors. This expansion 
was similarly prompted by recognition of the need for tailored legislative assistance 
provision to help states to fulfil complex implementation requirements. VERTIC is now 
a ‘one-stop shop’ for states looking to redress shortfalls across their CBRN national 
legislation in a harmonised manner.5 Given the similarities in national implementation 
requirements across these international legal instruments, it is efficient for states to take 
a coordinated approach to identifying and rectifying any deficiencies in their national 
legal order, especially when they have scarce resources to commit to this challenge. 

So it is timely in this VERTIC yearbook, which now specifically includes implemen-
tation alongside verification in its purview, to reflect on the issue of national implemen-
tation of the convention through national measures. As indicated above, this chapter 
focuses on one form of national implementing measures—legislative measures—as 
it relates to compliance with the convention. It acknowledges the requirement for a 
wider suite of national implementing measures, including administrative and judicial 
measures as well as other actions and activities such as awareness-raising and training, 
to facilitate compliance—but focuses specifically on the relationship between imple-
menting legislation and compliance. This is an interesting issue as states parties are 
discussing proposals to boost transparency and confidence-building about compli-
ance, and on means to enhance assurance of compliance, all of which have the con-
sideration of national implementing legislation as a core component. Any resulting 
process—whether engaged in by a collective of states parties between themselves on 
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a voluntary basis, or applied to all states parties by means of collective agreement—
will need to encompass all of the BWC obligations that require implementation through 
domestic legislation and also recognise that the complexity of the legislative frame-
work will necessarily differ for each state, depending on its particular situation and 
characteristics with regard to the convention. 

This chapter is intended to provide some food-for-thought for avid followers of 
BWC diplomacy on an important but somewhat niche issue—legislation and compli-
ance. It also aims to provide a taste of some of the discussions on ‘compliance assur-
ance’ for those who dip in and out of BWC issues. 

The chapter begins by outlining the requirement to take national implementing 
measures under the BWC. It notes why national legislation, in particular, is required 
as part of those measures and which treaty obligations typically require implemen-
tation through legislation. Next, it discusses the relationship between implementing 
legislation and compliance, in generic terms, and highlights the need for different 
models of legislative compliance in the BWC context. Then it considers states parties’ 
views, collectively and individually, on the relationship between legislation and compli-
ance, and the role of legislation in proposed compliance assurance processes. It con-
cludes with some thoughts on the impact on the treaty regime of states parties’ treatment 
of the legislative compliance issue. 

National implementation through national legislation 
The binding obligation on BWC states parties to put in place national implementing 
measures for the convention is abundantly clear, as Article IV requires states parties 
to take ‘any necessary measures’ to give effect to the convention at the national level, 
in accordance with their constitutional processes.6 

States parties with a common law legal tradition (which maintain that international 
and national legal systems are distinct) are obliged to transform their obligations under 
an international legal instrument7 into national law (through legislation), as well as 
take any other appropriate measures. States with a civil law system (which maintain 
that international and national law form a single legal order), may be able to incorpo-
rate treaty obligations automatically into national law on entry into force (these are 
described as ‘self-executing’ treaties) if this is permitted by their Constitution. However, 
the BWC is not considered to be a self-executing treaty.8 The complexity of the activities 
required to fulfil the convention’s obligations to prohibit and prevent biological weap-
ons are such that national legislation, in addition to other forms of national measures, 
is also essential for civil law states parties.

The requirement for domestic legislation, as a core component of such national 
implementing measures has been examined extensively in other publications.9 In essence, 
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domestic legislation is necessary to prohibit and prevent the development, production, 
stockpiling, acquisition or retention of the agents, toxins, weapons, equipment and 
means of delivery specified in Article I. This requires penal legislation to establish 
penalties and offences for violations, including for biological weapons use, which is 
implicitly prohibited under the convention (and confirmed explicitly by states parties 
at Review Conferences). Legislation is also required to give effect to obligations on 
transfer controls (Article III); on consultation and cooperation (Article V), on coopera-
tion with a UN Security Council investigation (Article VI(2)); as well as the Confidence- 
Building Measure process (to facilitate the collection and submission of national 
information in CBM returns, which may require explicit authority by means of legis-
lation). The CBM process was instituted at the Second Review Conference in 1986 as 
a means to strengthen the authority of the convention and enhance confidence in its 
implementation. States parties’ participation in the process is intended to ‘prevent or 
reduce the occurrence of ambiguities, doubts and suspicions, and in order to improve 
international co-operation in the field of peaceful bacteriological (biological) activi-
ties’.10 It entails collating and submitting information on a series of forms by 15 April 
each year, for circulation among states parties only.11 If a state already possesses bio-
logical weapons, as defined in Article I, then it may also require legislative measures 
to complete disarmament actions.12

From an international law perspective, then, all BWC states parties need to adopt 
and enforce national legislation, in addition to other necessary national measures, to 
give effect to the convention. States parties have confirmed this understanding, by 
collectively noting the importance of legislative (and other measures) in enhancing 
domestic compliance.13 They also collectively agreed at the Seventh Review Confer-
ence that enacting and implementing legislation, especially penal legislation (as well as 
administrative, judicial and other measures), which are designed to enhance domes-
tic implementation of the convention’s core obligations, establish legal jurisdiction, 
and ensure biosafety and biosecurity, would ‘strengthen the effectiveness of conven-
tion’. They regularly call on each other to enact and implement such measures.14 More 
recently, they also collectively specified that laws and regulations are key elements of 
an effective national export control system.15

The requirement for legislation as part of national implementation measures is 
also supported by state practice. A majority of states parties has taken the floor during 
the standing agenda item on strengthening national implementation during the BWC 
intersessional process to document and describe their national measures—particularly 
legislation—as part of their overall national implementation framework. Moreover, 
those who have not taken the opportunity to speak to the status of their implementing 
legislation do not claim that they are under no such legislative obligation. 
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The relationship between legislation and compliance
Despite this requirement for national implementing legislation, and states parties’ 
collective understanding and agreement that national legislation is an essential ele-
ment of the national implementing measures required under Article IV, there is a 
reluctance among some states parties to discuss or describe implementing legislation 
as a compliance issue in BWC diplomacy. Legislation is regularly mentioned as having 
an important role in generating confidence in states parties’ compliance and in states 
parties’ commitment to compliance. Certainly, legislation is a demonstration of a com-
mitment to compliance, particularly if it is appropriate and effective, and is widely 
promulgated among stakeholders and routinely enforced. However, the adoption and 
enforcement of implementing legislation is not just a requirement for effective BWC 
implementation, as discussed above, or a demonstration of a commitment to com-
pliance. It facilitates compliance. Without it, or enough of it on a range of legal issues, 
states cannot give effect to the convention’s prohibitions. They could not investigate 
and prosecute biological weapons crimes or breaches of strategic trade controls or bio
safety and biosecurity regimens, for example. 

It is well recognised that incomplete legislative implementation in a state party 
is likely due to insufficient resources, the need for technical assistance and/or com-
peting national priorities. For these states, transparency about their intentions with 
regard to ensuring effective legislative implementation (now and into the future) helps 
to assuage any concerns about this aspect of compliance. 

This hesitancy by some states to discuss implementing legislation as a compliance 
issue, and therefore to equate an absence of appropriate and effective national imple-
menting legislation with non-compliance, does not occur solely in the BWC context. It 
also occurs in other treaty regimes, especially those on highly politicised issues. In those 
instances, obligations pertaining to national implementing measures and compliance 
may be treated as separate issues (albeit equally important), or non-implementation of 
required domestic measures may be treated as a technicality; ‘technical’ non-compliance, 
at least anecdotally. The distinction has the effect of downplaying the non-compliance 
and implying that the non-compliance is not serious; that the state is not at fault (no 
matter how long the situation persists); and does not intend to be in non-compliance—
which is almost always the case in practice. Crucially, non-implementation is distin-
guished from other forms of non-compliance that would warrant the use of compliance 
and enforcement mechanisms, particularly deliberate breaches of core prohibitions.16 
This is in contrast to non-compliance in the form of a deliberate, gross treaty violation 
(‘substantive’ non-compliance) which, in the non-proliferation and disarmament 
context, could put the violating state party at a military or other advantage and which, 
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whether left as a lingering suspicion or allegation, or confirmed through verification, 
has more serious repercussions for the strength of the treaty regime. 

How states parties choose to respond to suspected or proved non-compliance, 
collectively and individually, as well as how they choose to describe it, is up to them. 
The distinction between these two types of non-compliance—non-implementation 
(a technicality) and a gross violation (substantive non-compliance)—is warranted. 
They each require a different response from states parties to ensure that compliance 
is achieved. Non-compliance through non-implementation may have serious impli-
cations, such as if it exposes the state to being a safe haven for bioterrorism, and the 
state may be at least partially at fault if it has not taken up repeated offers of necessary 
assistance. However, as intent is a major factor in distinguishing these different forms 
of non-compliance, it should not be problematic to refer to complete or partial non- 
implementation as non-compliance, as long as other states parties respond appro-
priately, such as by offering and providing necessary technical and other assistance, 
including through expert partners, and the affected state takes steps to remedy the 
situation as quickly as possible. 

In the BWC context, all states parties have some pre-existing legislation that gives 
effect to at least some of their obligations under the convention. However, this ranges 
from some very basic penal provisions that could be applied to punish certain bio-
logical weapons-related crimes (at least, biological weapons use where it results in 
personal injury or death) in some countries, right through to states that have a patch-
work of uncoordinated laws on related issues that are not harmonised, or do not have 
an effective oversight structure, and which still leave undesirable gaps. Pre-existing 
legislation that was adopted to give effect to other, but related, international obliga-
tions or policy concerns will go some way to meeting BWC obligations but not neces-
sarily effectively or comprehensively, and they may be outdated in light of revised 
applicable standards.

So what would compliance with the BWC’s legislative obligation look like? Much 
like the question frequently posed of verification—’how much is enough?’17 how 
much legislation is required? The scope and complexity of national implementing 
legislation necessary to give effect to the BWC will vary between states parties. That 
much everyone agrees on. It will depend on the state’s specific situation and charac-
teristics, including factors such as:

	 whether the state operates a biodefence programme; 

	 the size (or even, the existence) of a biological science research sector or biotech 
industry and associated facilities; 

	 whether it is host to one or more biosafety level 4 (or equivalent) laboratories (which 
can work with the most dangerous biological agents);18 



135THE BIOLOGICAL WEAPONS CONVENTION 

	 the extent of domestic and cross-border transfers of controlled agents, toxins, 
equipment and technologies;19 and 

	 arguably, its risk of being used as a safe haven for bioterrorism and its risks of 
other biological weapons-related crimes. 

Asking the converse question might be helpful in identifying what aspects of 
implementation should be addressed by legislation (either primary legislation—laws—
or other legislative instruments such as regulations). When might a lack of effective 
implementing legislation for the BWC so impair the state’s ability to fulfil its obliga-
tions, depending on its specific situation under the convention, that it could constitute 
non-compliance? Or put another way, can the state effectively prevent and prohibit 
biological weapons—or not? It can be helpful to pose some questions of the existing 
legislation to test how it works. If an exercise to hypothetically test the legal frame-
work determines that existing laws are insufficient to address a plausible scenario, it 
will help in identifying what additional provisions are needed. 

At the most basic level, if any state party is not able to undertake the following 
activities under existing legal authority, then it cannot effectively fulfil its legislative 
obligations under the convention: 

	 investigate and prosecute biological weapons crimes (development, manufacture, 
production, acquisition, stockpiling, possession, retention, transfer, transport and 
use etc.); 

	 investigate and prosecute related activities (assistance, encouragement, induce-
ment, financing, accomplices etc.); 

	 establish jurisdiction over such offences committed in its territory or under its 
jurisdiction or control anywhere; establish jurisdiction over such offences com-
mitted by natural or legal persons possessing its nationality;

	 control transfers of dangerous biological agents and toxins, and related equipment 
and technology, or non-controlled biological agents and toxins that are suspected 
of being misused for illegal purposes (through a catch-all clause) (even if this is 
just a framework structure with offences and penalties, which can be easily amended 
later in response to specific risks);

	 destroy or divert to peaceful uses any of the agents, toxins, weapons, equipment 
or means of delivery specified in Article I (disarmament, if this is applicable to 
the state).

It follows that states with more than a basic capability in the relevant scientific 
industries will require more complex national implementation measures, particularly 
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legislative measures. Most BWC states parties would fall in this category. If such a 
state party is not able to undertake the following additional activities under existing 
legal authority, then it likely cannot effectively fulfil its legislative obligations under 
the convention: 

	 account for, secure and physically protect dangerous biological agents and toxins;

	 ensure the physical protection of relevant facilities;

	 authorise permitted activities involving dangerous biological agents or toxins (by 
means of licensing and registration) and require personnel reliability checks for 
persons working with such agents or toxins;

	 co-operate and co-ordinate with public health officials and other agencies in the 
event of an incident involving dangerous biological agents and toxins; 

	 co-operate with and assist other law enforcement agencies in the event of an inci-
dent involving dangerous biological agents and toxins; 

	 maintain continuous oversight of national implementation, generally, and review 
and update national implementation policy and measures appropriately (such as 
through a national interagency body); and

	 collate and submit information required under the Confidence-Building Meas-
ure returns.

These lists are indicative, not definitive or exhaustive, of legislative compliance 
requirements. Certain domestic factors, which help to form a picture of a state’s specific 
situation concerning implementation, will need to be taken into account in determin-
ing the requirements for compliance with legislative implementation. As the various 
proposals on compliance assurance acknowledge, the status of legislative (and other) 
measures needs to be weighed up with other implementation activities to form an over-
all assessment of compliance. 

States parties’ views 
States parties have conducted meaningful discussions on what might constitute 
compliance with the convention recently.20 More teasing out of what states understand 
to constitute compliance with the convention will inform further consideration of 
appropriate compliance assurance, monitoring and verification techniques. As part 
of these discussions, some states parties have specified that legislation is an essential 
element of national implementation and discuss it in compliance terms. Working 
papers by the United Kingdom, Australia, Switzerland and the United States in the 
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current intersessional process acknowledge that, while there is no single checklist of 
actions or omissions that clearly indicate compliance or non-compliance with the 
convention, there are particular indicators of compliance and non-compliance which 
can be considered together in making a compliance assessment. Consistently, the 
adoption and enforcement of legislation, especially penal legislation, and national 
export control legislation are listed as indicators of compliance.21 

The United Kingdom and Switzerland make a clear distinction ‘between com-
pliance with Articles I and II on the one hand and Articles III and IV on the other’. 22 
That is, they distinguish between states parties’ compliance with the core biological 
weapons prohibitions and the requirement to disarm biological weapons programmes 
under Articles I and II—and their comprehensive national implementation obligations 
under Articles III and IV. The United Kingdom’s working paper acknowledged that 
‘[f]ailure to enact comprehensive implementing legislation places a State Party for-
mally in non-compliance with its Article IV obligations. However, this is not in the 
same category as non-compliance with Article I’s core prohibitions . . . ’.23 These papers 
do not describe this distinction along the lines of non-implementation (or technical) 
non-compliance and gross violation (substantive) non-compliance as described above; 
but it is capable of being inferred. The papers do not specify the implications of this 
distinction, although they do recognise, along with the paper by the United States, 
that there is a need to be realistic about the implementation burden facing certain 
states when making compliance judgments. They suggest that for states so burdened, 
an absence of necessary national implementing measures (including legislation) 
should not be read as an indicator of an intention not to comply with the core treaty 
prohibitions, and (in the US working paper) should not necessarily even be consid-
ered in a compliance judgment.24 However, the United Kingdom noted that ‘a reluc-
tance to enact and enforce national legislation despite repeated offers of assistance’ is 
one (of many) possible indicators of concern about a state party’s attitude to compli-
ance. This increases the importance of states parties sharing information on their 
intent with regard to their legislative implementation obligations. 

As noted above, legislative implementation is an element of a number of propos-
als for means to enhance assurance in compliance with the BWC, essentially through 
providing information on legislative measures enacted and on their enforcement, 
through additional transparency and confidence-building measures (TCBMs). Such 
proposals do not envisage sanctions or enforcement; rather, transparency is intend-
ed to provide information on implementation that could assure other states parties 
that this obligations is being fulfilled, and create an environment for cooperation and 
assistance to facilitate strengthened implementation and compliance. 

However, certain other states parties maintain that assessments of compliance with 
national implementing measure (including legislation) obligations should not be 



138 VERIFICATION & IMPLEMENTATION 2015

conducted as a separate activity to assessments of implementation of all aspects of the 
convention (that is, including those implementation obligations that do not necessitate 
domestic implementing legislation). These states consider that proposals for additional 
confidence-building measure tools do not address all aspects of BWC implementation 
and that they can only have a transparency and confidence-building role, as they do 
not have the same status as a declaration and cannot be used in a process to formally 
assess compliance.25 For example, a statement by Iran on behalf of the Non-Aligned 
Movement specified that, in the BWC context, ‘the assurance of compliance with the 
convention’s provisions has to be undertaken collectively through appropriate multi-
lateral verification arrangements’.26 

In contrast to the minimalist approach to demonstrating compliance with national 
implementing requirements that is taken in the current CBM process (‘yes/no’ responses 
to four questions), national legislation is the central component in the ‘Compliance 
Assessment’ process proposed by Canada. Under this more expansive approach, states 
parties would prepare and submit an initial detailed submission to the BWC Imple-
mentation Support Unit, and thereafter submit annual updates, on their national 
implementing legislation and regulations as well as their overall national implemen-
tation programme, including descriptions of how the laws work in practice and how 
they are enforced, including helpful flowcharts.27 The process is intended to demon-
strate a commitment to national implementation and compliance, and could result in 
‘an assessment of compliance of the national program to the BTWC’.28 

Another proposal similarly recommends instituting additional TCBMs, that could 
be undertaken unilaterally, bilaterally or multilaterally, to provide reassurance of com-
pliance in addition to the existing CBM process. These would entail comprehensive 
reporting on, inter alia, domestic legislation, including penal laws; transfer control 
regulations; and national biosecurity measures.29 This proposal specifically highlights 
a role for regional cooperative assistance in undertaking such measures, which in itself 
would have a compliance assurance function. 

A related proposal suggests further consideration of what sort of information would 
help prevent or reduce the occurrence of ambiguities, doubts and suspicions about 
compliance under the existing CBM process, as part of an overhaul intended to improve 
participation rates.30 The proposal notes that ‘transparency around capabilities and 
intentions lies at the heart of assessing compliance and promoting mutual confidence 
in the BTWC context’. In legislative implementation terms, the current CBM returns 
do not enable effective reporting of this crucial aspect of capability—or intentions, 
for that matter—without a more intensive documentation of national legislative and 
regulatory systems, along the lines of that proposed by Canada. 

‘Peer review’ proposals go one step further, by incorporating a review process for 
information submitted through a confidence-building measure information exchange. 
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France’s peer review proposal is intended both to generate confidence in compliance 
(including through in-country transparency visits) and facilitate the provision of neces-
sary assistance to rectify any deficiencies. It suggests a modular approach, with the 
first module concentrating on national legislation and regulations, and the possibility 
of adding further modules as desired. The BENELUX countries (Belgium, Netherlands 
and Luxembourg) have taken up France’s call for peer review trials by announcing 
that they will conduct a peer review exercise among themselves and contribute their 
findings to the Eighth Review Conference.31 This peer review process suggests using a 
‘questionnaire tool’ that applies objective principles, criteria and standards for imple-
menting legislation to gather the baseline information for review.

VERTIC has already developed a survey template on national implementing meas-
ures for the BWC and related requirements of UNSCR 1540, which it uses in its legis-
lative assistance work to identify existing relevant legislative and other provisions. 
As with France’s proposed questionnaire tool, VERTIC’s surveys are not compliance 
assessments; rather, they identify what measures are in place against a comprehensive 
range of implementation obligations which the respective state can use to assess its 
own compliance against its specific circumstances and, aided by VERTIC’s technical 
expertise, rectify whichever gaps it has identified as it sees fit. 

A civil society proposal extends the peer review process further by calling for dec-
larations (reaffirming their commitment to the convention’s core prohibitions), in 
addition to documentation (through reporting on national implementation measures) 
and demonstration (through regular visits), in a new ‘3D Bio’ initiative. This proposal 
is intended specifically for those states parties with biological defence programmes and 
biosafety level 4 (or equivalent) laboratories.32

Impact on the treaty regime
A perception that legislative compliance with the BWC is largely a procedural issue, 
however widely held, belies its importance in preventing biological weapons and can 
result in some unintended negative consequences for the BWC regime, not least mak-
ing it more difficult to prioritise BWC implementation at the national policy level. 
Legislatures always have more bills proposed than time available to consider them. 
It takes a committed government, and national champions willing to shepherd it through 
complex national policy processes and ensure full inter-agency coordination and co-
operation, to undertake the process, overcome the hurdles along the way and enact 
legislation in anything less than a couple of years. More complex legislation and reg-
ulatory frameworks, such as to establish national export controls or biosecurity regimes, 
can take even longer. In particular, without an explicit requirement for a national 
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oversight structure, such as the Chemical Weapons convention requires, it can prove 
difficult to requisition a budget line to undertake national implementation oversight 
and enforcement functions. 

For as long as the consideration of compliance continues to feature as part of a 
confidence-building measure process in the BWC regime (in addition to states parties 
individual assessments of each others’ compliance), rather than a more sophisticated, 
systematic compliance determination process of the type that necessitates an inter-
national verification organisation, then states parties may feel justified in maintaining 
the convention’s nascent secretariat as an administrative office, with skeletal staffing 
and resources. That will continue to constrict the regime’s outreach activities and its 
ability to centralise the matching of offers and requests for assistance, including with 
national implementation requirements, long after the functional (but time-bound) 
equivalent structure for the related obligations in UNSCR 1540—the 1540 Group of 
Experts—expires. The BWC regime needs to be strengthened, to an appropriate scale, 
to assist states parties to keep up with the risks of intentional and inadvertent non- 
compliance through the rapid developments in related science and technology. 
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