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Introduction

There has been limited discussion at an international level regarding the future of paper charts once all vessels subject to IMO ECDIS carriage requirements have made the transition to ECDIS and ENC.   Most of this discussion has focussed on conceptual possibilities rather than either a strategic direction or practical plan, yet that is actually the pressing need.   The Australian Hydrographic Service (AHS) is therefore formulating its own direction to address specific requirements, as well as attempting to influence international developments.    This paper sets out AHS expectations, limitations, production and transition considerations.   It should be noted that no firm decisions have yet been made, except where noted.  

Longevity of paper chart services

The AHS expectation is that paper charts will continue to exist and remain in use until well after the transition to ECDIS and ENC is complete.   This view is based upon:

· IMO ECDIS back-up requirements, which include paper charts used as a backup to ECDIS and ENC.   This infers an obligation upon national hydrographic offices to support paper charts for this purpose.   The AHS interprets this as a requirement.
· The lengthy timeframes associated with any radical change proposed to the IMO.      
Given the 20 year timeframe from initial interest in ENC to a resolution on adoption (1989-2009), and 29 year timeframe for adoption (1989-2018), it is highly unlikely the IMO will move quickly to make a decision on relinquishing expectations for paper charts and even then, are likely to specify a transition period.   A similar timeframe to ENC regarding paper charts would result in a decision in approximately 2028 (when two thirds of mariners with paper chart experience will have moved on from their seagoing careers), and will likely specify a phase out period of 5 to 10 years further.   Any shorter timeframe could only be achieved through concerted and widespread lobbying by both IMO member states and the IHO.
Availability of paper charts

In 2013 the AHS completed a study into expected demand for paper charts beyond 2018.   Based on an analysis of which user groups buy charts, and the relative demand from each group (international shipping, domestic commercial vessels, recreational), the AHS expects the volume of demand to decrease to 25-38% of 2011-12 levels.   This estimate only affects AHS forecasts for future printing capacity, not the scope of the paper chart portfolio.  
While some consideration was given to printing by chart agents rather than centrally by the AHS, it was concluded that the cost of establishing a printing capability is beyond the capacity of around 90% of agents for Australian charts due to the relatively low turn-over and potential lack of return on investment in printers, software, inks, paper supplies and version control.
Overall, the likelihood of a paper chart printed onto paper onboard a ship being accepted as a suitable backup arrangement is considered low.   In 2013 and 2014 this practice has resulted in detention of a number of vessels by Australian Port State Control inspectors.   The complexities of “conditional” symbology in ENC make printing of ENC onto paper onboard ship to satisfy back-up requirements even less likely to be accepted.
Status as “Official” charts

Discussions with the President of the International Hydrographic Organisation in 2013 confirmed that as long as a paper chart is published by or on behalf of a Government, authorised national hydrographic office or other relevant authority, it will still be “official” and will therefore meet the definitions in SOLAS.   These discussions confirmed that significant changes in the appearance of paper charts would not change whether or not a chart is considered “official”.   Taken to its extreme, an ENC printed on paper and published by a national hydrographic office would therefore meet carriage requirements from a legal perspective.  However, the AHS considers fitness for purpose must still be considered. 
Paper chart content

IHO technical specifications require ENC to have at least the same level of content as the equivalent paper chart.   However, the reverse is not true.   The AHS has already published a number of ENC where content significantly exceeds the content on the equivalent paper chart.   Some have since been withdrawn due to the extreme difficulty of producing and updating these ENC using available but obsolete software.   However, since elements of new production software were acquired in early 2014, new edition ENC of ports and constrained waterways are again starting to be produced with enhanced detail.   The AHS intends to take this trend further through progressive acquisition of additional current-generation production software modules between late 2014 to late 2015.   Thereafter, progress in this direction will be limited only by the availability of staff resources.    
 Typically, additional content refers to greatly enhanced bathymetric detail which can be zoomed to a much larger scale on screen.   In contrast, the paper charts of affected areas will remain schemed largely as they are now.   As an example, the next edition ENC covering the the dredged channel out of Port Hedland will have compilation scales in the range 1:4000 to 1:8000.   The two existing paper charts of the same area will remain at 1:50,000 and 1:25,000, with levels of detail similar to the current paper chart editions.   Through consultation with the port, it may be possible to withdraw the 1:25,000 chart as the smaller scale chart provides the necessary overview of the area, noting that all pilotage and ship handling is already conducted with reference to Portable Pilotage Units (PPU), ENC and precise navigation systems. 
Paper chart appearance

While meeting these basic “official” requirements, paper charts should not necessarily be expected to remain exactly as they appear now.   The two drivers for change are differences in symbology between ENC and paper charts (ENC symbology will increasingly become the most familiar to mariners once ECDIS / ENC roll-out is complete), and ease of production.   
Symbology.    There are currently a number of significant differences in symbology between ENC and paper charts.   Once ENC have achieved the status of “normal and familiar”, paper charts will largely only be looked at in emergencies.   In such circumstances, there will be no time to consult symbology guides, so the gap between “familiar” and symbols used on emergency charts will need to be closed.   Gaps include:

· Aids to Navigation.   In the S-101 generation ENC, the symbology for AtoN will look much more like those seen on current paper chart, though symbols are likely to be in colour.   The simplified ENC symbol library (coloured topmarks without structures) will be discontinued.   This is being developed by the IHO.
· Isolated dangers.   ENC use conditional symbology such that any of several types of isolated dangers are displayed using a common magenta “screwhead” symbol where the danger is likely to impede the safe passage of a vessel of nominated draft.   The inference is that isolated dangers still displayed using their “paper chart” symbol are safe for the ship to pass over.   In contrast, the “paper chart” symbol on a paper chart represents a danger to that vessel.   In the heat of a navigation systems failure and transition to the back-up paper charts, what deck officers will have the time, or even recognise the need, to consult a symbology guide?   This has yet to be considered by the IHO, with few recognising the need.

· Data quality indicators.   Australia is one of few nations to have adopted Zones Of Confidence for both mediums; few other nations have applied them to paper charts.    However, the AHS depiction practices for “approximate” soundings (lower order ZOC C and all ZOC D) is not aligned to ZOC assessments, though areas of approximate soundings on ENC do align to areas of upright soundings on paper charts.   The assessment of italic or upright / approximate is subjective and not in accordance with international practices, is poorly recognised by mariners, partially conflicts with the ZOC system, and slows the compilation process.   At an international level there is also wide variation in use of such attributes as “Reported” and “Sounding Doubtful”, with at least eight different quality attributes in use to describe the same end result.   This is a task for the AHS, including development of recommendations to the IHO.
Production efficiency.   This is a particularly significant factor.   While all national hydrographic offices face pressures to do more with less, current requirements are such that by 2017 the AHS will have undergone a 30% reduction in staff from 2012 levels, with no reduction in responsibilities.   By then, the AHS will have less staff than when it had only 420 charts in the overall portfolio to manage, update or replace; however, with the addition of ENC, the total portfolio now exceeds 1200.   Production efficiencies for paper charts can potentially be gained by:

· Direct derivation of paper charts from ENC – this significantly eases the task of determining content and retains the chart’s ‘fitness for purpose’, but may have some effects on the ‘artistic’ presentation of the paper charts. The AHS has adopted this process for all full new editions commenced after mid  2014.
· Revise the colour of depth contours to avoid the time consuming need to ‘gap’ the existing black line-work where it meets soundings, text and other charted features.   The AHS will be adopting medium blue contours for new editions of charts from late 2014.
· Automated contour generation with limited or no generalisation – this may make some areas of uneven seabed appear more complicated than current hand-drawn depiction methods. The AHS will be trialling this in late 2014.
· Automated sounding suppression for approximately 90% of a chart, backed up by sounding selection for the remaining 10% of critical shoals. The AHS will be trialling this in late 2014.
· Replacement of italic and upright soundings (traditional additional quality indicators) with a single style – an IHO study in 2012 found that only 16% of professional mariners worldwide understood the difference.  As Australian charts contain extensive areas of upright soundings this may necessitate a reassessment of assigned Zones Of Confidence.   The AHS will be investigating this in early 2015.
· Changes to chart layout, particularly placement of titles and chart notes into a dedicated area outside the border of the depicted area. The AHS will be investigating this in mid 2015.
Scale and Scheming

If the primary function of a paper chart is to shift to that of a back-up, then it may be that a considerably smaller range of scales is required.    Options might include:

· Coastal coverage at 1:150,000 only, permitting coverage to extend up to 24 nm offshore or away from dangers – at this distance offshore ships can easily go directly from  or to 1:1,500,000 small scale charts. 
· Medium scale 1:500,000 only where 1:1,500,000 small scale charts or coastal charts cannot meet route planning requirements (at most, Torres Strait, Bass Strait, SA Gulfs only).
· Discontinue coverage at 1:300,000.

· Discontinue coverage at scales between 1:50,000 and 1:150,000, and
· Critically review port chart requirements.
· If re-scheming is required, critically consider whether charts still need to overlap to include prominent land features.  With the almost total reliance upon GNSS and the consequential direct plotting of a ship’s position on the chart instead of using bearings and ranges, the ongoing requirement for adjoining charts at the same scale to overlap by anything more than a standard minimal amount should be considered.

Production arrangements [AHS only]
[AHS only].   As the demand for paper charts declines, and as AHS staff gradually leave without permissible replacement, there will come a time when the AHS no longer has the capacity to produce both paper charts and ENC.   Given the 400+ charting backlogs already identified it can be argued that this point has already been reached.

[AHS only].   In terms of content, ENC already represents the greater technical challenge, will contain more detailed content in many instances, and by 2018 will be in total use by those with the smallest safety margins and greatest risks.   It will therefore be both necessary and logical for the AHS to focus on ENC and out-source derivation of paper charts from those ENC.   While the AHS is in the process of acquiring new production software for derivation of paper charts from ENC, the intent is that this software will only be used when a small modification to a contractually accepted or existing chart file can be completed in less time than that taken to develop a scope of work for outsourcing.   This software is not intended to provide a routine capability to address either factual errors or presentation deficiencies in out-sourced work that has been contractually accepted.
[AHS only].   Derivation of paper charts will remove much of the subjectivity in content to be included in out-sourced paper charts.   
Contractual acceptance [AHS only]
[AHS only].   Based upon previous out-sourcing programs, clear distinction will be required between those errors which are factual, those which are mandatory from a presentation perspective, and those where a degree of subjectivity and variation is permissible.

[AHS only].   Current contractual acceptance arrangements are built around an expectation that every rule contained in S-4 and Australian charting specifications will be followed, including those that are open to interpretation.   However, these specifications are intended for compilers, not for contractual acceptance.   An aligned list of mandatory contractual acceptance requirements is warranted to speed up the contractual acceptance process.   For example, chart specifications may include detailed guidance on size and placement of text, but the contractual acceptance criteria may simply be that geographic names and light descriptions are factually correct, written in black and do not overwrite / overwritten by any other details drawn or written in the same colour.
Transition
The AHS’ long term average for production of paper charts is approximately 40 per year.  With a folio of over 450 paper charts, any transition is likely to take over ten years to complete if transition is not specifically resourced and proactively managed.   Notably, the transition from fathoms to metric took 44 years (1968-2012).   Certain changes to symbology, if undertaken, may need to be rolled out quickly across the full portfolio to avoid radical differences in adjoining or overlapping charts that may create confusion and uncertainty.
[AHS only].   To ensure this does not occur, each change considered by the AHS Charting technical Working Group will include a transition plan in addition to an agreed change of specification.   Any requiring global transition over a short period will have a nominated transition supervisor (similar to that successfully done for the GBR Two Way Route).

Conclusion

The AHS expects to publish paper charts for the foreseeable future, principally in response to an IMO and industry expectation that paper charts will remain a suitable back-up to ECDIS and that they will be available for this purpose.
Paper chart levels of content are likely to remain largely stable, whereas the level of detail in ENC will grow over time, so the two formats are expected to diverge.
The appearance of paper charts may change in order to permit more streamlined production, as well as to address critical differences between paper charts and ENC.

For as long as paper charts are published by the AHS they will continue to meet carriage requirements as specified in SOLAS, even if their appearance evolves.

The AHS will be looking critically at all aspects of paper chart specifications and production in order to be as efficient as possible and continue to meet both responsibilities and expectations while also endeavouring to meet targets to reduce the size of its workforce.
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