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Summary 

In the morning session, stakeholders identified issues that they felt to be relevant to the 

question of how we should measure time. They raised a wide range of issues of various 

kinds, including philosophical questions, technical considerations, and societal 

considerations. When given the opportunity to indicate which of the issues were most 

significant, the 5 most highly rated were: 

 

— What is the problem with UTC today? And the problem of not having it? 

This is quite a general point about the need to understand what problems leap 

seconds might cause, and what problems might be caused by a move away from 

using leap seconds. 

— What fixes exist? Can they be standardised?  

It was proposed that there needed to be greater discussion of the ways in which 

issues associated with leap seconds can be mitigated, and whether any 

solutions could be implemented in a standardised, widespread way.  

— Impacts on astronomy, meteorology and defence  

The impacts on these areas were felt to be particularly significant.  

— Cost of change (or no change) on software 

Stakeholders identified a need to discuss of how much it actually currently costs 

to deal with leap seconds in computer systems. They also questioned how much 

it might cost to stop using them 

— Which groups of people are impacted? 

Stakeholders thought that it is important to investigate further who might be 

affected by any decision, and how they could be affected.   

In the afternoon session, stakeholders discussed some of these issues in more detail. 

These discussions were quite wide ranging, and so the following points reflect just a few 

of the learning points that came out of the session: 

 

— There are technical challenges associated with implementing leap seconds, but 

there would also be technical challenges if we were to stop using leap seconds.  

— There is a general feeling that most of the technical issues either way would be 

surmountable, however it is very hard to accurately estimate the scale of the 

issues, either in terms of cost to fix them, or in terms of their impact on society. 

— It was felt that in the short to medium term it is unlikely that there would be a 

directly noticeable effect for most people if we were to stop using leap seconds. 

However, stakeholders felt that many members of the public might nevertheless 

be opposed to the change for other reasons. 

— There was some concern that any solution should aim to minimise the impacts 

that may arise in the long term, rather than just trying to make things easier for 

now. 

— It was pointed out that over a very long timescale the issues would increase for 

any solution. If we were to stop correcting civil time to keep it in line with the 

earth’s rotation, our measured time would become increasingly hard to reconcile 

with the observed daily cycle. However, if we continue to add leap seconds, 

these will need to be used with increasing frequency, and so their negative 

impacts may be amplified. 
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Background 

The dialogue 

The issue 

The timescale most commonly used in the UK and internationally is Co-ordinated 

Universal Time (UTC). It is maintained by highly accurate atomic clocks around the 

world. It is the basis for civil timekeeping in the UK. 

Historically, time has been determined by the rotation of the earth and the location of the 

sun in the sky; in Greenwich Mean Time (GMT) noon is defined to be the mean time the 

sun reaches its highest point in the sky in Greenwich. However, the rotation of the earth 

is irregular and is also slowing—the length of the day is now (averaged out over several 

years) around 2.5 milliseconds longer than it was in 1820. This means that any time 

standard determined by accurate measuring devices like atomic clocks (such as UTC) 

slowly falls out of sync with solar time.  

In order to keep the two time standards in sync ‘leap seconds’ are periodically added to 

UTC to adjust for the irregularity in the earth’s rotation. This ensures that UTC does not 

come apart from solar time by more than 0.9 seconds and that the historical 

correspondence between the time on our clocks and the position of the sun is 

maintained. There have been 25 leap seconds since they were first introduced in 1972. 

In 2015, member countries of the International Telecommunications Union (a UN agency 

with responsibility for timekeeping) will vote on whether to maintain leap seconds. The 

UK Government will cast a vote at this conference, and this public and stakeholder 

dialogue is intended to inform the Government’s view. Previously, the UK Government 

has argued against the removal of leap seconds from UTC, but it is keen to establish 

public and stakeholder views on this topic. 

The process 

The dialogue process consists of a number of different strands, including an online 

consultation, and a number of public and stakeholder workshops.  
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At the beginning of the process, OPM group undertook a rapid evidence review, and 

interviewed a number of stakeholders in order to inform further stages of the 

dialogue, for example by identifying relevant issues and stakeholders.  

Following this initial work, a stakeholder workshop was convened. This is the 

workshop that the current report refers to. This workshop aimed to work with 

knowledgeable stakeholders to begin to think about what the most important issues are, 

how they might be tackled, and how to share an understanding of these issues with 

members of the public. It is hoped that the workshop also allowed stakeholders to 

develop their own understanding of the issues. 

A number of public workshops have been planned to take place in four locations 

across the country: Belfast, Birmingham, Cardiff and Edinburgh. In each location there 

will be one half day workshop, followed by a reconvened full day workshop. The same 

participants will attend both workshops in each location, allowing them to develop a 

good understanding of the relevant issues so that they can provide informed and 

insightful feedback. A range of stakeholders will also be present at these workshops, in 

order to answer any questions that members of the public have, and also to provide 

additional input. 
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In parallel to the above activities, a website has been developed to inform members of 

the public about relevant issues. The website include a forum for public discussion, and 

also gives members of the public the opportunity to fill in a questionnaire in order to 

include their views ibn the engagement process.   

The final stage of the dialogue process will be a national summit, at which findings will 

be presented and discussed.  

The stakeholder workshop 

Objectives for the workshop 

These were to ensure that, by the end of the workshop, participants: 

 

— had an opportunity to share and test their understanding of leap seconds 

— shared and discussed why leap seconds are important to them 

— jointly developed a list of issues around leap seconds 

— weighted that list by significance 

— started to think about possible options for addressing the issues identified 

About the participants 

 

In addition to staff running and supporting the workshop, the event was attended by 26 

stakeholders representing a range of sectors. These include: IT and communications, 

religion, navigation, meteorology, astronomy, the philosophy of science, engineering and 

timekeeping. A full list of attendees and apologies is provided in appendix 2. 

The structure of the day 

After a general introduction, participants were given a presentation by Robert Gunn and 

Paul Broadbent from the National Measurement Office, to explain the context of the 

dialogue, and the purpose of the workshop. 

In the morning session, participants worked with facilitators in small groups to develop 

lists of issues that they felt to be pertinent. They then had the opportunity to feed back 

and discuss these issues in a plenary session. The output of this plenary session was a 

list of 18 issues, of which participants had a shared understanding. 

At the beginning of the afternoon, participants were invited to weight the issues 

according to their significance. They then broke into small groups again, to discuss the 

most heavily weighted issues one at a time. In between each small group discussion, 

there was a plenary feedback session to share understanding and insight between 

different groups. 

The day closed with a discussion of the next steps in the dialogue process, and how 

findings from the stakeholder workshop might helpfully feed into the public workshops. 

One of a number of sheets 
summarising key outputs from 
the morning session: 
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The agenda that was used by participants on the day is available in appendix 1. 

 

Methodology 

Plenary sessions in the workshop were led by a lead facilitator. Participants were seated 

at tables of roughly seven people, and each table had its own table facilitator for the 

small group discussions. 

Data from the workshop was collected through the table facilitators taking paper based 

notes, and back up digital recordings were also taken from each table in order to ensure 

accurate recall. 

 

This is a largely descriptive report. It attempts to summarise the main conversations that 

took place in the room and to reflect them back in a clear and succinct manner. To this 

end, conversations that took place on different tables and at different times during the 

day have sometimes been grouped together under appropriate headings, rather than 

attempting to accurately reflect the source of all of the conversations. Nevertheless, 

where certain observations have changed participants’ understanding, and led to further 

insights, the report attempts to capture this iterative process. 

 

The entire leap seconds engagement process is being independently evaluated by 

Hopkins Van Mil. An attendee from this organisation was present at the workshop, and 

collected feedback forms at the end of the day. Data from these forms can be found in 

appendix 3. 
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Outputs of the workshop 

Morning session: mapping key issues 

Workshop participants worked with a facilitator in small groups to come up with topics 

which they felt would be important to discuss in more detail. Following these group 

discussions, the topics which had been identified were refined and collated during a 

plenary session. 

Each of the topics that came out of this process is described below. These topics have 

been grouped under three main headings. These headings were not identified or 

discussed during the workshop, but have been added afterwards to make the report 

more accessible. Similarly, the explanations of each of the points are not in participants 

own words, but aim to capture the essence of the discussions that led to the 

development of each point, and to explain what the points are referring to. 

Significance weighting 

Once the list of points had been developed, stakeholders were invited to weight different 

issues according to which they felt was most significant. Each participant was given four 

stickers which they could allocate as they pleased across any number of the issues. It 

was emphasised that this weighting was primarily for the purposes of this workshop 

only.  However, once it had been done there was a discussion to reflect on whether the 

weighting did in fact represent the group’s collective view about actual significance.  The 

answer was that in general, it did. 

The weighting that each issue received is noted next to it below. 

Framing the discussion 

What is the problem with UTC today? And the problem of not having it? 

Significance weighting: 15 

— This is quite a general point about the need to understand what problems leap 

seconds might cause, and what problems might be caused by a move away from 

using leap seconds. 

— One important consideration is that technology develops rapidly, and the 

reasons that leap seconds were an issue for certain technologies 5 or 10 years 

ago may not be the same as the reasons that are relevant today. 

— Some people also wanted to discuss technological problems that might arise 

from stopping using leap seconds, due to systems that have been designed to 

accommodate, and/or rely on them. 

— There is a need to make sure that any discussion of leap seconds is based on 

up to date information. 

What fixes exist? Can they be standardised?  

Significance weighting: 14 
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— Are there currently ways to mitigate the issues that leap seconds cause, without 

stopping using them altogether? 

— If solutions could be standardised, would this further reduce the issues 

associated with leap seconds? 

— Is standardisation practically feasible? 

What is the alternative system? 

Significance weighting: 7  

— If we stop using leap seconds, what would the alternative system be, and how 

would it work? 

— Would we use leap minutes or hours, or would we stop trying to correct for 

changes between the new system and UT1 at all? It was felt that this is an 

important consideration because different options could have very different 

implications for the cultural and technological considerations discussed in other 

points. 

Agreed international process for implementing change 

Significance weighting: 1 

— If there is a shift to a new time standard, the change needs to be managed in a 

coordinated manner. 

What is the name of the alternative? 

Significance weighting: 0 

— If we change the way we calculate our time standard, some respondents thought 

that it was important that we give the time standard a new name to minimise 

confusion. At some point, a discussion needs to be had about whether the name 

would change, and if so, what the new name would be. 

Time as a measure of duration vs what time is it? (time intervals vs time stamps) 

Significance weighting: 4 

— This is a philosophical point about what it is that we think our timekeeping 

system measures. (Or what we believe that it should measure). 

— On the one hand, time might be used as a way to accurately measure the 

distance between two events on a continuous scale. For this purpose, we want 

our measurement to be as regular as possible, so that we can make accurate 

claims such as “person x ran 100m in exactly 11 seconds”, and know that 

“exactly 11 seconds” is a fixed quantity. 

— On the other hand, time might be used as a way to locate events in a sequence. 

The important thing here is to be able to accurately locate when an event 

happened in relation to other events. For this purpose, we want our 

measurement to provide us with useful and meaningful ‘time coordinates’ for any 

event, so that we can make claims such as “event x happened at exactly 12’o 

clock on Tuesday the 15th”, and know that this will accurately specify a single 

location on a timeline. 

Technical and professional considerations 

Impacts on astronomy, meteorology and defence  

Significance weighting: 10 
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— What would the impact be on these areas if we were to either keep, or stop using 

leap seconds?  

Astronomical navigation  

Significance weighting: 5 

— If we were to stop using leap seconds, how would this impact on people 

navigating using to celestial bodies? If this form of navigation became harder, 

what groups of people would be affected? 

Timing of space weather impacts 

Significance weighting: 1 

— Fluctuations in solar output and other space weather phenomena can require 

satellites to temporarily shut down in order to protect themselves. Would 

coordinating this process become more difficult if our time system was no longer 

linked to the rotation of the earth? 

Cost of change (or no change) on software 

Significance weighting: 10 

— There is a need for a discussion of how much it actually currently costs to deal 

with leap seconds in computer systems. There is also a need to investigate what 

thee cost might be of making sure that systems can cope with any new system 

of time measurement that is proposed. 

Implications of skipping a second 

Significance weighting: 2 

— If we ever have to skip a second due to the earth rotating faster, rather than add 

one in as usually happens, would the technical difficulties be different? Some 

stakeholders say that this may become an issue in the near future if current 

trends continue. 

Legal issues 

Significance weighting: 2 

— What might be the legal implications of a change to our time system, given that 

the time and date that something happens can often have legal consequences? 

Financial transactions 

Significance weighting: 2 

— Time stamping of financial transactions, the possibility of fraud during a leap 

second, and the issues that leap seconds can cause to some far eastern stock 

markets are often cited as important concerns in the debate around leap 

seconds. It was suggested that these issues should be discussed further. 

Cultural considerations 

Religious, cultural and social implications  

Significance weighting: 9 

— It is felt that there are a number of reasons why people might be opposed to the 

change. A deeper discussion was proposed to unpack and discuss some of 

these perspectives. 
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Which groups of people are impacted?  

Significance weighting: 8 

— Who do leap seconds cause problems for? Who might be inconvenienced if we 

stop adding leap seconds? The discussion was proposed to include discussion 

of future stakeholders (such as our grandchildren) as well as current ones. 

Who gets the benefit of change?  

Significance weighting: 2 

— If a new time system can solve existing issues, will benefits be felt by most 

people, or just by a few specific stakeholder groups? 

Historical record keeping 

Significance weighting: 3 

— Because time is sometimes used as a coordinate system to locate events (see 

“Time as a measure of duration vs what time is it?” above) we need to make 

sure that any transition to a new system does not cause confusion. The new 

system needs to be implemented in a way that allows a transparent 

understanding of exactly when events happened. 

Public suspicion of change 

Significance weighting: 1 

— There was a feeling that the general public would usually prefer to avoid change, 

unless there is a very clear justification for it. 

— The public needs to be kept well informed about the decision process. 

 

 

Afternoon session: discussing issues in more depth 

In the afternoon session, stakeholders were given an opportunity to discuss some of the 

topics that they identified earlier in more detail. Participants discussed these topics in 

four separate groups, and then fed their discussions back in plenary sessions. This 

report thematically summarises the content of all of these discussions.  

The choice of topics to discuss in the afternoon was guided by the relative weighting that 

topics were given, and by a brief discussion of what topics people wanted to talk about 

in order to cover a good range of issues. 

Discussion 1: What is the problem with UTC today? And the problem of not 

having it? 

 

As an initial reaction, some stakeholders felt that this topic is quite general. They noted 

that it could serve as an umbrella heading for many of the other topics discussed.  As a 

result, the conversations that took place in this session sometimes pre-empted more 

detailed discussions that were had later in the day. 
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Discussion of the problems with UTC 

 

Standardised implementation: 

 

Some stakeholders felt that leap seconds are not an issue in themselves, but it is the 

way in which they are implemented that can cause problems. For example, many of the 

reported IT issues would be avoidable if programmers were more aware of the issues, 

and aware of the existing solutions to them. Similarly, they felt that many of the financial 

and legal issues which can arise from leap seconds are caused by discrepancies 

between the way that different systems implement leap seconds, meaning that there can 

be time differences between systems. Again, these problems could be overcome by 

effective and universal standardisation of the way that leap seconds are implemented. 

 

Another table also discussed problems associated with a lack of standardisation. 

Because leap seconds are not implemented in a standardised manner, around the time 

of a leap second, a number of major civil timekeeping systems can get out of sync with 

one another. Some implement the leap second by repeating the last second of a minute, 

while others ‘smear’ the insertion by lengthening  each second over a period of time, 

without increasing the actual number of seconds recorded to have passed. These 

discrepancies can lead to the existence of a number of de facto time standards which 

are similar to, but not exactly the same as UTC.  

 

There was a feeling that problems associated with a lack of standardisation are likely to 

increase over time, as the number of different systems that have to account for leap 

seconds increases, because they are likely to all find different solutions.  

IT specific issues 

Computer systems assume that time is monotonic, meaning that it continually increases, 

and that no time ever happens twice. The issue with leap seconds is that they cause an 

irregularity which can violate the assumption that time is monotonic. The problem could 

easily be avoided if leap seconds were regular and predictable, however this is not the 

case.  

Relative impact on different groups 

 

Some stakeholders contextualised the problems associated with leap seconds as “a bit 

of hassle” for financial and IT systems. They reflected that these might be expensive 

problems, and might be quite serious for a small number of people, but that leap 

seconds are not really a problem for most people. They argued that to stop adding leap 

seconds would be a major change for most people, and that to warrant a that would 

affect most people for the sake of a few, the impact on the few needed to be large and 

clearly identifiable. 

 

Other stakeholders felt that the impact on most people would be relatively minor whether 

or not we keep the current system. They therefore questioned whether there is a strong 

argument against moving away from the current system.  
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Discussion of the problems that might be caused by not having UTC 

Some participants were concerned that if we stop adding leap seconds, not all 

communities would accept the new system for their civil timekeeping purposes. This 

would lead to a situation where localised time standards would be developed, in which 

groups of people decide to set their clocks according to solar time, or maintain the old 

system of UTC. There is concern that this may become increasingly common as the 

global time standard drifts further away from a solar basis. This situation would lead to 

numerous standardisation issues. 

If we stop using leap seconds, this might have practical implications for some systems 

which rely on the assumption that UTC is closely linked to the earth’s rotation. In some 

of these systems, such as certain satellites, there are hardware as well as software 

issues, which makes the issue more complex and expensive to fix. 

Another argument was that if we were to stop adding leap seconds now, it might solve 

some problems in the short term, but would lead to more significant issues in the future. 

One issue is that we would have to decide whether or not to implement a leap minute, or 

a leap hour. Either of these could be significantly more disruptive than a leap second. If 

we were to decide not to make any correction for the drift between our civil time 

standard and solar time, then at some point we would need to make significant changes 

to the structure of our day, for example by changing the times that most offices are 

expected to be open. 

The uncertainty that would be caused by the decision to stop using leap seconds would 

be extremely costly for some businesses, including telecommunications. Numerous 

systems would have to be tested to make sure that they still work properly, and might 

need to be upgraded/adjusted. For example, many domestic satellite communication 

systems, such as satellite TV, rely on the time to accurately align antennae to pick up 

signals. 

 

In contrast to these viewpoints, some stakeholders argued that the impact of dropping 

leap seconds is likely to be minimal for most people.  

Discussion 2: What fixes exist and can they be standardised? 

Discussions on this topic included ways to address the challenges associated with our 

current practice of adding leap seconds, and well as ideas about other systems that 

could work better. 

‘Smearing’ leap seconds, and minimising human error  

One way in which  some systems currently implement leap seconds is lengthen every 

second over a period of time (often a number of hours), so that computers still count the 

normal number of seconds, but because those seconds are slightly longer, the extra 

seconds will have been fitted in. This avoids the problems of discontinuity associated 

with adding in an extra second, however can cause other issues. One challenge is that 

this approach can be hard to synchronise across a number of different systems. 

Additionally, not all systems would be able to adopt it, because some require seconds to 
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have a regular duration- for example if they receive their time signal from a regular 

pulse. 

Some stakeholders were concerned that even if ‘smearing’ can solve some of the issues 

with leap seconds, it still requires a human to say when the smear should take place. 

They felt that this leaves open the possibility for human error, which they see as one of 

the bigger issues. 

A partial solution would be to find a way to predict leap seconds further in advance, so 

that a number could be programmed in at once. This would reduce the potential for 

human error. 

Some stakeholders thought that one way to reduce human error would be to make the 

necessary data available to computer systems so that they can calculate themselves 

when a leap second was needed. If a clear algorithm was made publically available, 

then computers could be programmed to implement leap seconds of their own accord 

whenever one became necessary. 

Standardised ways to implement leap seconds 

A number of stakeholders discussed that a standardised approach to how leap seconds 

should be implemented would be very beneficial in minimising their negative impact. 

Some felt that the ITU would be best placed to take the lead on this standardisation. 

One approach to move towards standardisation would be to provide official certification 

of leap second compliant systems, which would allow a very transparent understanding 

of the way in which each system implements the leap second. 

One challenge that some stakeholders raised is that it is not possible for all systems to 

implement a leap second in the same way. For example, one IT stakeholder said that 

their systems could not cope with a 61 second minute, and therefore had to ‘smear’ the 

leap second, while another said that they rely on seconds having an accurate duration, 

so they could not do this.  A solution which was proposed to this issue was that there 

could be different standards of implementation for different types of systems. However, it 

was felt that this would be practically very challenging, because of the interconnected 

nature of many of these systems. 

Another proposed way to minimise the issues associated with leap seconds was that the 

ITU could provide advice on how to implement leap seconds effectively, and how to test 

whether a system is compliant. 

 

An additional argument for the need for standardisation, which was forwarded by a few 

stakeholders, is that many of the current systems for implementing a leap second rely on 

human intervention, which brings in the possibility of human error. The more 

standardised the approach to implementing a leap second is, the easier it will be to 

automate, and therefore avoid this danger.  

Leap minutes 

There was some discussion of the possibility of replacing leap seconds with leap 

minutes. A number of stakeholders who discussed this felt that it would keep the link 
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between civil time and the rotation of the earth sufficiently strong to satisfy most cultural 

considerations.  

Opinions about the impact that this solution would have on technical systems were 

divided. On the one hand, this system would require much less frequent interruptions 

than leap seconds cause. Additionally, it is likely that a leap minute could be predicted a 

lot further in advance than leap seconds can be, which would allow for more effective 

preparation. On the other hand leap minutes would not satisfy the technical needs of 

systems that require UTC to accurately measure the rotation of the earth. Many of these 

systems rely on an accuracy of +/- 1 second. One could argue therefore, that this 

system embodies all of the challenges associated with moving to a system which is not 

synchronised with the rotation of the earth, while also introducing the additional technical 

challenge of inserting leap minutes. Finally, some stakeholders felt that a leap minute 

would be substantially more complicated to implement than a leap seconds, because 

standard techniques such as ‘smearing’ the leap second over a longer period of time 

would become impossible for a period as long as a minute. 

Minimising the problems that might be caused if we stop adding leap seconds 

Some stakeholders discussed that an unknown number of systems have a built in 

assumption that that UTC stays within one second of UT1. It is not always clear what the 

impact on these systems would be if this assumption is violated. There was concern that 

before we stop adding leap seconds, research needs to be conducted to identify what 

the impacts might be. One suggested way to minimise potential impacts would be to 

publish what the new time system will be well in advance of its adoption, and require that 

all new products that might be affected will be compatible with this system by the time 

that the new time system is adopted. Depending on the lifetime of the most affected 

products, this approach might require a significant delay in the implementation of a new 

time system. 

Concurrent time systems 

One group suggested that one solution would be to stop trying to make one time 

standard solve all the problems. They argued that computers could be run on a fully 

regular system based on atomic clocks, while civil timekeeping could still be corrected to 

stay in sync with the earth’s rotation. It would not be a great challenge to get computers 

to display corrected civil time, while actually running on a different time system. This 

group proposed making four time standards available: 

TAI- our current ‘atomic time’, for scientific purposes; UT1 and/or UTC, both based on 

earth’s rotation, for people to use; and a new system for computers, based on atomic 

time, but counting from now. It was felt that so long as it was always made explicit which 

system was being referred to, this system would be possible. 

One stakeholder who discussed a similar proposal as part of a different discussion was 

concerned that running multiple time systems would create a potential for human error- 

for example if people are making calculations and accidentally use one timeframe for 

part of the calculation, and another for another part of it. 
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Discussion 3: Religious, cultural and social implications 

 

Breaking our link to the past 

 

Some stakeholders argued that the use of the sun for keeping time is a human activity 

that dates back to prehistory. Others added that this link is especially important because 

it is transcultural. All human societies have used the sun to measure time within a day, 

even if they have calculated dates in varying ways. While the link between the sun and 

our timekeeping is not as strong as it may have been in the past, some stakeholders feel 

that it would be a very major decision to permanently disconnect our timekeeping 

system from the observed movements of the sun. They argue that if we were to stop 

making corrections for the discrepancy between atomic and time and the sun’s observed 

movement, this would result in the link being broken. The break might only be symbolic 

in the short term, but would be practically observable over a longer time period.  

A few stakeholders referred to what they described as ‘a romantic notion of the past and 

our place in the world’, and felt that we should not seek to disconnect ourselves from our 

history. 

 

Stakeholders noted that some traditional timekeeping methods would cease to be 

functional if we cease to corrections for the discrepancy between atomic and time and 

the earth’s rotation. For example, sundials would stop working properly. Because of the 

way that sundials are designed, it would not be a straightforward task to recalibrate 

them. Some heritage monuments rely on sundial like effects, and would cease to 

function properly. Stakeholders referred to the National Memorial Arboretum World War 

One memorial at Alrewas, in which a shaft of sunlight lights up a wreath at 11am on the 

11
th
 of November (Armistice Day). One stakeholder estimated that it would take about 

40 years before these effects on sundials start to become significant. 

Our legacy for future generations 

Some stakeholders raised legacy concerns relating to a situation where we completely 

get rid of leap seconds and other adjustments from out time system. We currently 

associate times of day such as midday and midnight with certain times shown on a 

clock. We also link a number of daily events to the clock – for example lunchtime being 

between 12 and 2pm. One concern is that our experienced day would gradually get out 

of sync with what clocks are showing us. At some point we would have to make the 

decision to redefine what time things happen during the course of a day, which could 

cause upheaval in the future. 

 

The question was raised as to how far out of sync clocks would have to become before 

people actually noticed or cared. Some felt that the difference could become quite large 

before it became an important issue. Some agreed that it might not be much of an issue 

for people alive today, but felt that it would nevertheless be something that future 

generations would be impacted by. A few stakeholders argued that it might not become 

an issue at all, because the drift would be very small within any one person’s lifetime, 

and therefore each person would only experience very minor alterations from their 

perceived norm. 
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If this argument is extrapolated a very long time into the future, however, the problems 

were widely agreed to become more severe, because ‘daytime’ would eventually occur 

in darkness, and vice versa. Some stakeholders argued that if you are to use this 

argument, it is important to also consider the effect of continuing to use leap seconds an 

extremely long time in the future. They considered a situation where leap seconds are 

required monthly or even daily, and many argued that this would be equally disruptive. 

Some stakeholders suggested that once you have to add more than 12 leap seconds a 

year, the definition of UTC will begin to break down, and at that point a new time 

standard would have to be devised.  

 

Some stakeholders felt that if leap seconds are to be dropped completely, that would 

represent a major historical watershed moment by moving for the first time in history to a 

timekeeping system that is not linked to the sun’s movement. Some stakeholders felt 

uncomfortable about this- one stakeholder expressed this feeling with the question: 

“Would you want to hold your hand up as the person that made the fundamental shift?”. 

 

A number of stakeholders discussed the importance of considering the impact that any 

decision that is made on future generations. Some felt that it is very important to avoid 

avoiding a problem now in a way that moves the issues for future generations to solve 

instead.  

One concern was that if we decide to replace leap seconds with a leap hour, or with leap 

minutes, the problem faced by future generations in implementing this will be much 

larger than the problems that we currently face implementing leap seconds.  

“We want to put things right for future generations, rather than creating a problem they 

have to deal with in the future. It doesn’t feel right.” 

Stakeholder 

One reason that some stakeholders feel that a leap minute or hour would be harder to 

implement is that these would happen much less frequently than leap seconds, so 

people would lack the experience of dealing with them. 

“If something happens that rarely, what are the chances of people getting it right? Your 

grandchildren would have to deal with the problem, will the necessary knowledge be 

passed down?” 

Stakeholder 

Another reason that some stakeholders feel that a leap minute or hour would be harder 

to implement is that it is simply a longer period of time, and there is therefore the 

potential for more to happen during the irregular period when the leap takes place.  

Not all stakeholders were fully convinced by the arguments about legacy outlined above. 

Some argued that society is rapidly changing, and that we have no idea what society will 

be like across the timescales needed for many of the proposed issues to materialise. 

They therefore felt that it would be unreasonable to expect to consider the legacy of any 

decision more than a few generations in advance. One contextualised this argument by 

comparing the difference between society 3,000 years ago and now, to the difference 

between now and 3,000 years in the future. 
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The symbolic importance of keeping the current system 

 

Some stakeholders were keen to emphasise that the decision will not just affect the key 

people who are consciously affected by leap seconds, but will impact on everyone on 

the planet. They therefore argue that this is not just a decision to be made by specialist 

groups, but needs to take public feeling into account as well.  

 

Some stakeholders noted that the reason we have to make a decision about whether to 

change the current system for measuring time is not because of pressure from the 

public, but because large corporations such as IT firms and financial industries want to 

see a change. They noted that such industries are not typically concerned with long term 

impacts and the general good, but are driven to maximise profit in the near future. There 

was a feeling that public policy ought to be developed for the sake of the public, rather 

than for the sake of such organisations. One stakeholder argued that as a society we 

ought to decide on principle how we want to measure time, and only then involve large 

businesses in the decision, to see how to implementation might affect them, and to try to 

mitigate for this. 

 

Some stakeholders saw leap seconds as a symbolic artefact, demonstrating to that we 

are subject to the laws of a natural world, and are not able to simply ignore them and 

create our own independent and artificial reality. They felt that this is a particularly 

important message for some of the key industries that are pressing to see leap seconds 

discontinued. It was noted that the symbolic value of leap seconds could also be carried 

by leap minutes- this is really an argument against dropping leap seconds all together. 

 

One stakeholder said that one way to summarise the arguments against using leap 

seconds would be:  

“It will cost some rich corporations a little bit of money to solve a problem that they can 

definitely fix”. 

Stakeholder 

 

Education 

Some stakeholders noted that during children’s education, they often take part in 

activities that involve measuring the movement of the sun. These activities are a 

valuable learning resource, and might be compromised if we moved to a system that 

does not compensate so accurately for discrepancies between the movement of the sun 

and the time.  

Would people mind either way? 

Some stakeholders felt that if we stop adding leap seconds, people would be unlikely to 

actually notice the change, citing that sunrise and sunset already appear to be slightly 

out of time due to effects such as refraction. Some added that a much bigger change 

took place when mechanical clocks became the main way of telling the time in place of 

more traditional methods. Some of these stakeholders felt that while people wouldn’t 

actually notice the change, they might still be opposed to the symbolism of moving away 

from leap seconds. 
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Negative cultural impacts of keeping leap seconds 

In contrast to many of the points raised above, it was felt that there might be situations in 

which getting rid of leap seconds would lead to positive social impacts.  

If the implementation of leap seconds has a disruptive effect on technology, then this 

disruption might be felt by members of society. For example, if a computer network was 

to fail, this would have an impact on people. Additionally, some stakeholders raised 

concerns that leap seconds might facilitate fraud, for example by helping people to hide 

bogus financial transactions. 

Discussion 4: Which groups of people are impacted? 

This discussion was not intended as an exercise to map out all every single group that 

might be impacted. Instead it was an opportunity to discuss some groups in more detail. 

Everyone 

A number of participants felt that mapping which groups are likely to be effective would 

miss the point, on the grounds that time measurement  is ubiquitous enough that 

everyone will be affected in some way. Some stakeholders argued that from a cultural 

perspective, the people who will be affected most may be people with certain personal 

beliefs about the nature of time, rather than identifiable stakeholder groups.  

General technical issues 

Stakeholders felt that a number of technical communities would be affected one way or 

another. Some individuals felt that whatever decision is taken, the issues would be 

surmountable. Many also felt that the monetary cost of solving issues associated with 

keeping leap seconds would be roughly equivalent to the cost of getting rid of them. 

IT 

Stakeholders discussed the cost to IT companies, and other industry stakeholders. 

Some stakeholders argued that the cost to some large IT companies is very high, but 

difficult to quantify. 

One viewpoint which was raised was that because the cost of implementing a leap 

second is something that all companies in the sector have to contend with, the system is 

fair. Because these companies are competing with one another, so long as the negative 

effect is equal for all of them, the overall impact largely cancels out. 

Stakeholders also discussed the technical challenges that leap seconds can cause for 

networked systems, and how this can sometimes lead to widely felt impacts, such as 

major websites going down.  

Defence 

Stakeholders discussed that the impact on defence systems appears to vary in different 

countries. Some countries would prefer to keep leap seconds and others would prefer to 
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abandon them. They felt that more information is needed, although there was 

recognition that this is not in the public realm even if it was informing the earlier decision 

making processes. There were suggestions that some of the defence issues might be 

about ‘sleeper’ defence systems. These are systems which lie dormant for many years 

until they activate for some reason. Because they are unable to know how many leap 

seconds have been added while they were dormant, their navigation and positioning 

could be compromised. 

There was some concern that this may become a political issue about countries wanting 

to optimise their own systems, and that that could cloud the debate. 

Astronomy 

All ground-based systems use leap seconds to ensure astronomers know where to point 

their telescopes at particular times. If leap seconds are discontinued, they will still have 

to be added to correct for earth’s rotation. Stakeholders from the astronomy community 

said that it would not be a major issue to make the necessary adjustments in house if we 

were to move away from using leap seconds. However, changing the timekeeping 

system could shift responsibility for understanding contemporary solar and atomic time 

differences from international organisations to specific individuals and sets of users. 

They added that for some precision applications, UTC is already not accurate enough, 

so they already sometimes make these adjustments. 

Nevertheless, one of these stakeholders said that a number of astronomers have strong 

feelings about the importance of a link between the rotation of the earth and our 

timescale. 

Meteorology 

Meteorology is an area where there are ground based systems which use atomic clocks 

to accurately measure weather events to the millisecond, which have to coordinate with 

satellite systems and drone planes to understand the weather. Moreover, forecasts use 

civil time, so meteorologists straddle both timescales. Currently, leap seconds are 

working well and there are concerns about changing the timekeeping system. In 

particular, historical records of weather events, which record things such as lightning 

strikes very accurately, will need to have clear notation as to which timekeeping system 

they were recorded by.  

Finance 

Unfortunately the financial stakeholders were unable to attend the workshop. In their 

absence it was suggested this was the group most likely to be impacted by leap seconds 

and therefore benefit from their discontinuation. Whilst the UK is protected from 

problems because of the midnight implementation time, markets in the Far East are 

open when leap seconds are added. This means there could be problems with knowing 

the order of transactions, especially for high frequency trading, and possibilities of fraud. 

Stakeholders felt the financial issues needed further exploration. 
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Legal 

Some stakeholders emphasised that if we were to end up with multiple time scales being 

broadcast simultaneously, it would be important to be very clear on which was used for 

legal purposes. Moreover, there were concerns that the legal definition of a day could be 

challenged if it changed to be a precise number of seconds.  

Stakeholders felt the legal issues needed further exploration. 

Navigators 

Stakeholders felt that there is a small but manageable negative impact on navigators of 

removing leap seconds, and no impact of keeping them. Some people suggested that 

the current system of time, which uses leap seconds, is highly convenient for navigation, 

as it keeps time in sync with the rotation of the Earth. Without this, individuals would 

have to know how much atomic, civil time differed from solar time. Others suggest that 

the removal of leap seconds would not make any difference to navigating by celestial 

bodies. One expert suggests that navigators already use conversion tables to show how 

the time and the position of the sun determine their position. These tables already have 

to be produced annually, so could be updated to reflect a time system that did not use 

leap seconds. 

Final discussion: What do the public need to know? 

To conclude the day, stakeholders were asked what information would be most useful to 

take to the public workshops. 

Some stakeholders felt that it would be helpful to just draw out the top 4 or 5 issues from 

the list that was developed in the morning session, and explain these to the public. It 

would also be useful to explain what the pros and cons of various systems would be in 

relation to these issues. Some felt that it would be important not to limit the conversation 

to just these issues however. They noted that there may well be issues which the 

stakeholder groups weren’t focused on which are nevertheless important to the public. 

Some felt that it would be really useful to have more accurate information about the 

costs associated with various issues. For example: how much does it cost to implement 

a leap second, or if we moved to a new system, how much would it cost to update 

satellites that currently rely on leap seconds? Stakeholders recognised however that 

many of these costs would be impossible to accurately estimate.  

There was a feeling that the process should avoid making alarmist claims either way, as 

these would be unhelpful. 

Issues need to be presented in a logical way which enables the public to prioritise them 

for themselves, rather than presupposing what will be important to members of the 

public. 
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Other learning from the day 

A recurring question throughout the day, was what the current system (UTC) would be 

replaced with if we were to stop using leap seconds. Some felt that due to the way in 

which decision making in the ITU works, a vote to ‘change the system’ would lead to a 

lengthy and very open ended debate about what the new system should look like. Some 

stakeholders were concerned that if a decision was made to stop adding leap seconds, it 

is not necessarily true that resulting system would address the necessary concerns.  

Many stakeholders who were present at the workshop felt that there were relevant 

stakeholder groups missing from the room. Feedback on this issue was actively 

encouraged, and the table below summarises the future actions that are planned for 

each of the stakeholder groups that was raised. 

Missing Stakeholders identified from the stakeholder workshop 

 

Stakeholder 

 

Previously 

contacted 

OPM to follow 

up 

Assistance to 

be sought 

from 

Sciencewise 

Not 

relevant 

Air traffic 

controllers 

√ √   

British Sundial 

Society 

 √   

Defence √  √ - further govt 

contacts? 

 

Legal √  √ - nmo does 

not have a 

legal time 

associate 

(someone 

who could 

explain the 

legal 

implications 

from changing 

the definition 

of a day). Any 

other govt 

contacts? 

 

Rail industry  ? – do we need 

more transport 
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International 

chamber of 

shipping 

 ? – we already 

have a lot of 

navigation 

  

Heritage 

Societies 

√    

Humanist 

Groups 

√ √ - all religions 

and humanist 

groups 

contacted. 

Could try again 

when the 

website goes 

live 

  

Outdoor 

learning 

   ? – how 

much of a 

stakeholder 

would this 

group be? 

Tribespeople 

in developing 

countries 

   √ 

A natural 

history 

enthusiast 

 √ √ - someone 

from EN? 

 

Linx – London 

internet 

exchange 

 ? – do we need 

more IT 

representation? 

  

UK Network 

Operators 

Forum 

 ? – do we need 

more IT 

representation 

  

Time stamp 

regulators 

√ √   

Teachers     

Astrologers √ √   
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Appendices 

Appendix 1: agenda for the workshop 

 

 

Leap Seconds - National stakeholder 
workshop 

10.00am – 4.30pm 30 April 2014 

Body and Soul, 99-119 Rosebery Avenue, EC1R  
 

Thank you for confirming your attendance at this national workshop to inform our 

thinking on Leap Seconds.  

 

Workshop objectives 

By the end of the workshop, we will have: 

 had an opportunity to share and test our understanding of Leap Seconds  

 shared and discussed why Leap Seconds are important to them  

 jointly developed a list of issues around Leap Seconds  

 weighted that list by significance 

 started to think about possible options for addressing the issues identified  

 

The workshop will be facilitated by Rob Angell from R K Partnership and colleagues 

from OPM. It will involve a mixture of small group and plenary working throughout the 

day. 

 

Draft Agenda  
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10am Registration, coffees + Networking 

 

10.30am Welcome and purpose 

Rob Angell will open the meeting with a run through of the agenda, 

objectives and an explanation of how the day will run.  

 

Leap Seconds overview 

There will be a short presentation by Robert Gunn, Director Programme 

and Estates, to explain the background to the issue and how this meeting 

fits into the decision making process for international time. There will be 

time for reactions and discussion. 

 

The Issues / The Dilemmas 

This session will be your opportunity to raise and talk about the issues that 

are important to you.  This will include time to ensure everyone in the room 

understands why these are important and we will consider which ones to 

spend more time concentrating on today. 

 

12.15pm Lunch 

 
Reducing the Dilemmas 

You will have the chance to consider in a bit more depth the issues that are 

most significant.  In particular, the discussion will focus on what the 

challenges are and what could be done about them.  Included in this will be 

consideration of whose responsibility this might be.  

 

Next Steps 

A short session to be clear about what is going to happen next, to confirm 

any actions that need to be taken forward and you will have an opportunity 

to give feedback on the meeting.  

 

4.30pm Finish 
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Appendix 2: list of attendees 

 

 

 
 

Leap Seconds - National stakeholder 
workshop 

10.00am – 4.30pm 30 April 2014 

Body and Soul, 99-119 Rosebery Avenue, EC1R  4RE 
 

Confirmed stakeholders attending 

Those people who are highlighted were unable to attend on the day. 

 
First Name Surname Organisation 

Tony Azzarelli  Ofcom 

Steve  Bell UK Hydrographic Office - HM Nautical 

Almanac Office 

James  Blessing  ISPA - The Internet Services Providers’ 

Association 

Niall Boyle  NMO 

Paul Broadbent NMO 

Michael Brooks Journalist 

David Broughton  RIN - Royal Institute of Navigation /IAIN -

Int. Assoc. of Insts.of  Navig. 

Matt Butchers Knowledge Transfer Network 

Alison Crowther Sciencewise 

Malcolm  Deboo Zoroastrian Trust Funds of Europe  

Bharat Dudhia Ofcom 

Tony Flavin BT 

Simon Garrington Jodrell Bank Observatory 

Alan Grant Trinity House  

Robert Gunn NMO 

Usama Hasan Quilliam Foundation  

Catherine Hohenkerk UK Hydrographic Office 



 

 

OPM FINAL VERSION FOR PUBLICATION 

28 CLASSIFICATION: OPEN 

Anita Hopkins Van Mil Creating Connections 

Markus  Kuhn Computer Laboratory, University of 

Cambridge 

James  Ladyman University of Bristol  

Chris Little Met Office 

Rory  McEvoy National Maritime Museum 

Robert  Massey Royal Astronomical Society 

Paul Roberson  British Watch and Clockmakers Guild 

Andrew Rogan BBA - British Bankers Association 

Martin  Taylor FCA - Financial Conduct Authority 

David Terrett Science & Technology Facilities Council, 

Rutherford Appleton Lab 

Dzevad Trumic Google - UK 

Peter  Vince Independent 

Peter Whibberley National Physics Laboratory 

 

 

Apologies  

 

First Name Surname Organisation 

Jonathan Betts National Maritime Museum 

Nick Campion University of Cardiff  

Peter Chapman-Andrews Royal Institute of Navigation 

Paul Craddock British Watch and Clockmakers Guild 

Charles Curry Chronos Technologies 

Brian Eyles FCA - Financial Conduct Authority 

William Gallois University of Exeter  

Nick Lansman ISPA - The Internet Services Providers’ 

Association 

Tim O'Brien Jodrell Bank Observatory 

Richard Pettigrew University of Bristol  

Mike  Smith NATS  

 

 

Invited  
 

First Name Surname Organisation 

Chris Pateman Federation of Communication Services 

Dr Natubhai Shah Jain Network  

Karen Tuck BCS - Chartered Institute for IT 

 


