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Executive summary

Introduction

This report describes the methodology and results of a revised modelling methodology to estimate the
emissionsofs hi pping for the UK&s National At mospher
official international inventory reporting obligations. The report is intended to be used to inform the
evidence base for compiling the NAEI.

The existing estimates for domestic shipping emissions in the NAEI are based on a detailed model that
used a database of ship movements from 2007. However, a number of limitations of this existing model
have been identified, principally that ship movements other than of internationally trading vessels were
insufficiently covered, as well as the fact that it was based on relatively old 2007 data. This, plus the
increased availability of high quality individual ship tracking data (Automatic Identification System, AlS),
has prompted a comprehensive review and update of the NAEI shipping emissions estimates
methodology.

The use of AIS data to underpin a shipping emission inventory is not novel in itself as there are several
academic examples of this. However, it is understood to be novel to use AIS data to underpin a complete
national emission inventory for official reporting purposes, which requires the allocation of fuel
consumption between domestic and international shipping. For inventory reporting purposes, domestic
and international are defined by voyage start/destinations (i.e. a voyage from a UK port to a UK port is
classed as UK domestic for reporting purposes), rather than by the vessel itself (e.g. UK registered
vessels may conduct voyages to foreign ports). The estimation of domestic shipping emissions is most
important as these emissions are included in national inventory totals reported to the UNFCCC and EU
for greenhouse gases and the UNECE and EU for air pollutant emissions, whereas emissions from
international shipping emissions are not. International shipping emissions are reported as a Memo item
in official inventories.

Methodology of the new shipping emissions estimates

A new shipping emissions model has been developed using 2014 terrestrial AlIS data supplied by the
Maritime and Coastguard Agency. The new model methodology meets and exceeds the requirements
of a Tier 3 methodology set out in the EMEP EEA Emissions Inventory Guidebook 2016 and the
requirements for reporting national greenhouse gas emissions to the UNFCCC under IPCC Guidelines.
The new methodology goes beyond the Tier 3 approach set out in the EMEP EEA Guidebook by
carryingout an emission calculation specific to ea
that is tracked with AIS data, rather than carrying out a calculation for the voyage as a whole (the
approach in the existing NAEI).

There are several enhancements of the new shipping model compared to the existing NAEI estimates:
1 More complete activity dataset for vessels on domestic voyages, in particular offshore industry

vessels, fishing boats, passenger ferries and service craft.

Spatially resolved activity dataset.

Improved calculation accuracy of main engines based on their AlS-reported speed and draught.

Improved calculation accuracy of auxiliary engines, and auxiliary boilers are now accounted for.

More vessel types are distinguished.

Improved estimate accuracy for vessels starting and finishing at the same port.

Crown dependencies are now specifically included in the model.

=A =4 -4 -4 A -4

The new model methodology estimates the Heavy Fuel Oil (HFO) and Marine Diesel Oil (MDO) fuel
consumption and emissions of pollutant species COz, CH4, N20O, SO2, NOx, PM, NMVOC and CO for
each AIS position message down-sampled to 5-minute temporal resolution. The calculation takes into
account where available the individual vessel characteristics of main engine power, engine speed and
load, and makes bottom-up assumptions for auxiliary engines. The fuel and emissions are estimated
for each AIS message to cover the time period until the next AIS message, which is often 5 minutes,
but in cases where the vessel travels at or outside the range of the terrestrial AIS receivers, may be
longer or much longer. Many assumptions for the modelling have been drawn from the International
Mari ti me Organizationdés (I MO) Third Greenhouse
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Those voyages from port to port (or from/to international coastline) that were entirely within range of the
terrestrial AlS network have been allocated as UK domestic, UK international, UK Crown Dependencies
or as transiting (by-passing) the UK. In those cases where part of a voyage is not captured within the
range of the terrestrial AlS dataset (defined as a gap in AIS coverage of 24 hours), allocation
assumptions have been based on vessel type. Specifically, if cargo or passenger vessel AlS journeys
had a gap between AIS messages of greater than 24 hours, these vessels were assumed to have been
on UK international voyages if they had started or finished at a UK port. For the remaining vessel types,
which includes offshore industry vessels, fishing fleets and service vessels, voyages were assumed to
be UK domestic if the AIS dataset showed the vessel had started and finished at a UK port, regardless
of the length of time of any gaps in AIS coverage. Section 2.2.9 describes the allocation methodology.

Estimates for shipping emissions for the years 1990-2015 have been calculated from the 2014 base
year using time series of DfT maritime statistics, which is in line with the existing NAEI methodology.
Adjustments have also been made in backcasting the 2014 estimates to account for historical changes
in fuel type, sulphur content and emission factor changes.

Forecasts to future years 2020, 2025 and 2035 have been made using vessel type specific assumptions
on annual growth or decline rates in activities, together with exogenous assumptions for future fuel
types, sulphur contents, efficiency improvements and accounting for the impacts of the future North
Sea NOx Emission Control Area. In addition, the overall UK inventory forecast includes specific
assumptions for selected ports of their forecast growth rates that have been applied locally to ship traffic
in and around these ports. There were seven ports selected for inclusion in the study by Defra. For four
of these ports 1 Felixstowe, Immingham, Liverpool and Southampton i activity assumptions were
derived from their respective published Master Plans.

Results

The domestic fuel consumption estimate in the new model (Figure 1) is approximately two and a half
times that in the existing NAEI for 2014. The increase is attributed primarily to improved activity
coverage, both of existing vessel categories (e.g. fishing vessels) and of new vessel types not
previously estimated (e.g. offshore industry vessels). The fuel split between fuel oil and gas oil is around
30:70, which is more in favour of fuel oil than the existing NAEI estimates. Fishing vessel fuel
consumption (source category 1A4ciii in international inventory definitions) is estimated to increase
around four-fold, including a shift to include fuel oil consumption not previously estimated. Source
category 1A3dii of coastwise shipping fuel consumption is estimated to be around 3.6 times the existing
NAEI estimates. The new model does not generate revised estimates for naval vessels, inland
waterways or between the UK and Gibraltar / Overseas Territories, which are shown in Figure 1 from
the existing NAEI.

Figure 1 The new model estimates domestic vessel fuel consumption to be approximately 2.5 times the
existing NAEI figures for 2014

r Scope of new model B 1A4ciii Fishing
_ 1A3dii Domestic Water-borne navigation (non-fishing)

E Fuel oil mBetween UK and Gibraltar / Overseas Territories
is Naval
% 8 i 722 kt Inland waterways (NB. for the new model, this will decrease)
i Gas oil I
5 Fuel oil I |

[a)
59
E= r 1867 kt
5 [o]
20

0 200 400 600 800 1,000 1,200 1,400 1,600 1,800 2,000
Fuel consumption (kt)

Note: not shown in this plot is additional consumption of petrol and diesel of inland waterways. DOM stands for
domestic, CD stands for Crown Dependencies.

Ricardo in Confidence Ref: Ricardo/ED61406/Issue Number 5



Ricardo Energy & Environment A review of the NAEI shipping emissions methodology | iv

Total GHG emissions from domestic UK shipping over the period 1990 to 2014, and forecast to 2020,
2025 and 2035 are shown in Figure 2. Total COze emissions are dominated by CO2 emissions. GHG
emissions from coastwise domestic shipping (upper line in Figure 2; excludes inland waterways), is
estimated to reduce by around 40% from the mid to late 1990s to 2014. This downward trend is strongly
driven by emissions from the offshore vessel sector, which is estimated to decline considerably
reflecting North Sea oil and gas production. Fishing vessel GHG emissions (lower line in Figure 2) also
declines over the period 1990 to 2014, by around 25%.

Total GHG emissions from all national navigation (also including existing NAEI estimates for inland
waterways and naval vessels) is estimated to reduce by 35% between 1990 and 2014, after which the
levels are expected to remain approximately static to 2035 due to competing factors in growth and
efficiency approximately cancelling each other out.

Figure 2 Domestic shipping GHG emissions in COze from 1990 to 2035, upper line for source category
1A3dii (national navigation, excluding inland waterways), lower line for 1A4ciii (fishing). Scope match to
carbon budgets, i.e. crown dependencies and to/from overseas territories and Gibraltar are excluded)
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The CO, emissions estimated in the new model for the North Sea and English Channel, are in
close agreement with academic estimates, when considering the total of all shipping activity
(regardless of allocation to UK domestic or otherwise). For example, a leading academic AlS-based
model of European shipping by Jalkanen et al (2016) estimates CO2, NOx and SO2 emissions in the
North Sea in year 2011 as 27Mt, 0.65Mt and 0.15Mt respectively. The results of the new UK shipping
emissions model for CO2, NOx and SOz emissions are 23Mt, 0.48Mt and 0.07Mt respectively.

There is high confidence in the majority of emissions calculated in the model: Five sixths of the
total fuel consumption and emission estimates in the new model have been calculated with a low
uncertainty methodology in which actual data on the specific characteristics of the vessel were known.
The remaining sixth of emissions have been calculated by making assumptions on certain vessel
characteristics.

Main uncertainties and limitations

Key uncertainties in the new model estimates of fuel consumption and emissions are:

1 Fuel type: assumptions have been made regarding the fuel type used by vessels, for the base
year either fuel oil or gas oil. These assumptions have been based on work by the IMO (2015).

1 Sulphur content of fuel used in UK domestic voyages is not well known. Although data from
the UKPIA on fuel sulphur contents have been used, it is expected that much of the UK
domestic voyages are undertaken by vessels which have bought fuel from outside the UK.
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1 The allocation to UK domestic and UK international is subject to high uncertainty,
particularly for those vessels whose voyages have gaps between consecutive AIS messages
of more than 24 hours. Overall the UK domestic results are sensitive to the allocation
assumptions made. Section 2.4.3 of the report describes this uncertainty.

1 Although fishing vessel coverage is much improved compared to the existing NAEI,
comparison with literatures sources indicates that the new model estimates could still be
underestimates, in terms of fuel (and emissions) per vessel, and in terms of the proportion of
UK fishing fleet identified in the AIS dataset.

1 Estimates for auxiliary engine operation and fuel consumption remain subject to assumptions
and hence higher uncertainty regarding the size and load profiles of the engines. Fuel
consumption from auxiliary engines is not a negligible quantity. Fuel and emissions estimated
for all vessels whilst at berth have been capped at a maximum of 24 hours at berth. Any vessels
reporting as stationary for longer than this period at berth are assumed to no longer be operating
their auxiliary power units.

1 The spatial distribution of emissions for those vessels with significant gaps between AIS
messages. However, typically such gaps will appear far from the UK shoreline.

Although these uncertainties remain, the new methodology is a considerable improvement on the
existing methodology used in the NAEI in terms of vessel coverage, fuel consumption and emission
factors, the account of different vessel operations and movement characteristics such as draught and
speed and the definition of what constitutes a domestic voyage. The approach exceeds the
requirements of reporting a national shipping emissions inventory under international commitments and
makes the optimum use of currently existing shipping data in the most practical way possible.

Incorporation into the NAEI

For incorporation of the new shipping model into the NAEI, the proposed approach agreed with BEIS is
that domestic shipping emissions will be calculated for the year 2014 in a bottom-up manner and
backcast and forecast from 2014 to other years according to the new model as described in this report.
This is a fuel consumption estimate. Although the new modelling generates estimates of international
shipping emissions (and which are presented in the report), the reported memo item of international
shipping will not be taken from this model, but will instead be taken as the DUKES estimates of
internati onal 6 nsalesi This is lloucorfoenr With ihterrational inventory reporting
requirements. To note that the international bunker sales relates only to outbound voyages. According
to BEIS, the estimate of international marine fuel bunkers in DUKES is known with much greater

certainty than DUKES® estimates of fuel conscumpti on
shipping. The estimates of fuel consumption for domestic shipping from the new model exceeds that
given for national navigation in DUKES. Notwithstand,i

fuel sold for national navigation, the higher amount of fuel consumed in the new model for domestic
shipping may imply that a significant amount of fuel used for domestic voyages was sourced from
overseas.

The new shipping model estimates are proposed to replace the existing NAEI estimates for:

1 National Navigation (source category 1A3dii), the main category of domestic voyages for
coastwise shipping. Vesselsinc at egory o6yachtsd are assumed to be
the existing inland waterways estimate and so are excluded from the new AIS model.

1 Fishing vessels (source category 1A4ciii), within and outside of UK waters.

1 Movements to/from/between the Crown Dependencies (within source category 1A3dii and
1A4ciii). Included in reporting to the UNFCCC but not included in other official reporting.

Existing estimates from the NAEI are proposed to continue to be used for:

1 Inland waterways (source category 1A3dii) includes sailing boats with auxiliary engines,
motorboats / workboats, personal watercraft and inland-goods carrying vessels used on rivers,
canals and for recreational use off the UK coast.

1 Naval vessels (source category 1A5b).
1 Shipping between UK and Gibraltar, Overseas Territories and Bermuda.
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Abbreviations
AIS Automatic Identification System
AQPI Air quality pollutant inventory
CD Crown dependency(ies)
CHa Methane
CLRTAP  Convention on Long-Range Transboundary Air Pollution
CO2 Carbon dioxide
DfT Department for Transport
Dwt Deadweight tonnage
DUKES Digest of UK Energy Statistics
ECA Emission control area(s)
EEZ Exclusive economic zone
EF Emission Factor
EMEP European Monitoring and Evaluation Programme
EU MMR EU Monitoring Mechanism Regulation
GHG Greenhouse gas
GHGI Greenhouse gas inventory
GT Gross tonnage
HFO Heavy fuel oil
IMO International Maritime Organization
IPCC Intergovernmental panel on climate change
LNG Liguefied natural gas
MCA Maritime & Coastguard Agency
MDO Marine distillate oil
MMO Marine Management Organisation
MMSI Maritime Mobile Service Identity
N20 Nitrous oxide
NAEI National Atmospheric Emissions Inventory
NECA NOx emission control area
NECD National Emission Ceilings Directive
NOx Nitrogen oxides
oT Overseas territory or territories
PMzs Fine particulate matter with diameter less than 2.5 microns
PMio Fine particulate matter with diameter less than 10 microns
Ro-Ro Roll on roll off (vehicle transporter)
SECA Sulphur emission control area
SOz Sulphur dioxide
UNFCCC United Nations Framework Convention on Climate Change
VOC Volatile organic compounds
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1 Introduction and background
1.1 This report

This is the final report f r o m t h eA review ¢f thee NAEIBhipping emissions methodologyo under
PO number 1109088 to the Department for Business, Energy and Industrial Strategy (BEIS). The study
has been carried out by Ricardo Energy & Environment in partnership with University College London
Consultants. The steering group for the study included BEIS, Defra and DfT. This report describes the
methodology and results of a revised modelling methodology to estimate the emissions of shipping for
the UK National Atmospheric Emissions Inventory (NAEI). The report is intended to be used to inform
the evidence base for compiling the NAEI.

The report is structured as follows:
1 The remainder of Section 1 describes the context, aims and objectives and background on
Automatic Identification System (AIS) data on vessel movements.

I Section 2 describes the new base year (2014) emissions model, results and discussion of
uncertainty.

9 Section 3 describes the backcasting and forecasting methodology and results
1 Section 4 outlines the steps for inclusion of the new model in the NAEI.

1.2 Context

1.2.1 Key sources of emissions to air from shipping

Emissions from fuel combusted in engines are the most important source of emissions from shipping.
This principally includes the pollutants COz, SO2, NOx, PM2s, PM1o and non-methane VOCs (NMVOCSs).
These pollutants, plus CH4 and N20, are included in the scope of this NAEI update.

Two marine fuels are distinguished for the purposes of the current NAEI T heavy fuel oil (HFO) which
may also be referred to as residual fuel oil, and marine diesel oil (MDO), which is commonly also
referred to as gas oil. These fuels are reported for marine bunkers and national navigation in the
Commodity Balance tables in the Digest of UK Energy Statistics (DUKES). Future projections also need
to account for anticipated increased consumption of liquefied natural gas (LNG) as a marine fuel.

Fugitive releases are minor emission sources from shipping. Existing NAEI estimates of fugitive
emissions have not been re-assessed as part of the scope of this study.?

1.2.2 Reporting emissions from shipping

The UGBréeshouse Gas Inventory (GHGI) and Air Quality Pollutant Inventory (AQPI) report
emissions from shipping:

1 To UNFCCC (and EU MMR) in accordance with Intergovernmental Panel on Climate Change
(IPCC) 2006 Guidelines on reporting greenhouse gas (GHG) emissions;
1 For UK carbon budgets; and
1 Under the Convention on Long-Range Transboundary Air Pollution (CLRTAP) and EU National
Emission Ceilings Directive (NECD) in accordance with EMEP/ EEA Emissions Inventory
Guidebook methodologies for reporting air pollutant emissions.
A key aspect of the above national inventory reporting is that emissions from domestic and international
shipping are reported separately: domestic navigation (which includes inland waterways, fishing and
naval) emissions are included in national totals whilst international shipping emissions are not, but are
reported separately as a Memo item.

! Fugitive emissions of NMVOCs occur from crude oil and product (e.g. naphtha) tankers from leaks (and venting) during transportation (including
ballast voyages), loading and unloading both offshore and at terminals. The NAEI currently estimates fugitive emissions from loading and
unloading of oil products both offshore and at terminals, ship purging, and the loading of petrol onto ships. The IPCC guidelines indicate that

f u g i emissiams diiring travel are considered insignificanto . Fugi ti ve Heamse f§aniventing and équiptnent leaks from LNG
carriers (American Petroleum Association, 2015) and are not currently included in the NAEI. Establishing leak rates for the fleet is not in the
scope of this study. The number of LNG carriers currently serving the UK is low however.
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For the air pollutant inventory, it is not only necessary to report emissions separately for domestic and
international shipping, but to represent them spatially so that the different emission factors that apply to
different sea territories inside and outside emission control areas (ECAs) are reflected in the national
totals. The spatial distribution, including of transit voyages not calling at the UK at all, is also important
for modelling the impact on air quality on the UK mainland. The distribution of GHG emissions around
the UK coast is also relevant to the provision of inventories for the Devolved Administrations and DA-
specific policies on GHG emissions.

There is an overarching requirement of inventory reporting to UNFCCC and CLRTAP that total shipping

emissions should be consistent with national energy statistics. The Digest of UK Energy Statistics

(DUKES) provides figures on total marine fuel consumption, but cannot reliably split this between

domestic and international shipping as defined by the above guidance. The information available to

DUKES to distinguish between domestic and internati ol
voyage as knownatthe poi nt of fuel sold. However, the size of
travel thousands of miles and cover multiple voyages. The NAEI currently meets the inventory reporting
requirements for shipping emission totals and compiles spatially resolved inventories based on the UK

shipping inventory for 2007 developed by Entec (2010) using detailed vessel movement data and

emission factors for domestic shipping. The difference between the total marine fuel bunkering figures

given in DUKES and the fuel consumption figures estimated for the domestic sources is currently

assigned to international bunkering after also taking into account consumption by inland waterways,

naval shipping and vessels travelling from the UK to its Overseas Territories and fishing in non-UK

waters. Emissions from these sources must be included in national totals, but have been estimated in

the NAEI using different approaches and sources of activity data.?

Source categories for water-borne navigation

The scope of this project is domestic shipping (source category code 1A3dii) and fishing (1A4ciii), and
to a lesser extent also international shipping (1A3di). Inland waterways, which are included in source
category 1A3dii, are not the focus of scope of this study. Emissions from naval shipping (source
category 1A5h) are estimated separately in the NAEI and are outside the scope of this NAEI update.

Table 1 Source categories for water-borne navigation

ID Source category Description
1 Vessels of all flags that depart in one country and arrive in a
International Water- EIEET GO
1A3di | borne Navigation 1 Includes hovercraft and hydrofoils
(International bunkers) | ¢ |ncludes international navigation in inland and coastal waterways
1  Excludes fishing
1 Vessels of all flags that depart and arrive in the same country
5 W b 1 Includes domestic navigation in inland and coastal waterways
- omestic Water-borne .
1A3dii Navigation 1 Includes hovercraft and hydrofoils
1 Excludes fishing (1A4ciii)
1  Excludes military (1LA5b)
1A4Gii Fishing (mobile 1 Inland, coastal and deep-sea fishing.
combustion) 1 Includes vessels of all flags that have refuelled in the country
Mobile (water-borne -
1A5D navigation component) T Military
Multilateral operations 1  Water-borne navigation in multilateral operations pursuant to the
(waterborne navigation Charter of the United Nations. Includes fuel delivered to the military
component) in the country and delivered to the military of other countries.

2 UK Greenhouse Gas Inventory, 1990 to 2014. Annual Report for Submission under the Framework Convention on Climate Change, https://uk-
air.defra.gov.uk/assets/documents/reports/cat07/1605241007_ukghgi-90-14_Issue2.pdf
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Assignment of domestic and international

The IPCC 2006 guidelines require source category 1A3d Water-borne Navigation is split into
domestic/international based on port of departure and port of arrival, and not by the flag or

nationality of the ship. Thi s c rapplies to eachnsegtnent of a voyage calling at more than two

portsd, and i ndi vi dudrédmonadepprtiue o thenexidrrvalda.r eThée gui del i nes r
difficulties in distinguishing between domestic and international emissions and individuality of data

sources, therefore statefi [ t h e r generalgulerregidrding how to make an assignment in the absence

of clear data. It is good practice to specify clearly the assumptions made so that the issue of

compl eteness can be evaluated. o

Other definitions in the maritimeindust r y exi st for O6domesticd shipping. Fc
are registered with the UK authorities and not with the IMO (i.e. do not have an IMO number) are
considered by the MCA to be domestic vessels.

Tiers for shipping inventories
The 2006 IPPC guidelines prescribe Tier 1 and Tier 2 approaches for shipping inventories:

1 Tier 1 inventories estimate emissions using fuel consumed multiplied by an emission factor, for
each fuel type.

9 Tier 2 disaggregates the Tier 1 approach to be also per country, per vessel category, per engine
type. The Tier 2 guihd EMEP/G@isair emissiom invemtdryeguidettoekt A
(EEA, 2005) offers a detailed methodology for estimating ship emissions based on engine and
ship type and ship movement data. The ship movement methodology can be used when
detailed ship movement data and technical information on the ships are both available and can
be used to differentiate emissions between domestic and international water-borne navigation. 0

The EMEP/EEA emission inventory guidebook 2013 also describes a Tier 3 inventory as:

1 Emissions estimated per vessel trip, summing emissions in port hotelling, manoeuvring, and
cruising

1 Atotal annual inventory is permitted to be estimated from a representative sample of data that
is then scaled up

91 If fuel consumption data for each vessel movement phase are unknown then the suggested
methodology is power multiplied by load factor and by emission factor, summed for each engine
category, and multiplied by the time operated in the movement phase.

The existing NAEI shipping inventory is a tier 3 method based on a full year of data.

1.2.3 Existing estimates of UK shipping emissions

UK domestic shipping GHG emissions are estimated in the existing NAEI to make up ~0.5% of the UK
total in 2015

Existing estimates of UK domestic shipping GHG emissions are 2.5Mt COze in 2015 (~0.5% of UK
total). This UK domestic shipping estimate sums the reported categories 1A3dii (domestic navigation)
and 1A4ciii (fishing).

In addition to GHG emissions, there is a further focus within the EU on the increasing contribution ship
emissions are making to local and regional air quality problems as these are less stringently regulated
than land based sources. The EEA estimated in 2013 that more than 70% of ship emissions in Europe
are within 400km of land and that in some areas, ships contribute up to 30% of PM2.s concentrations
and up to 80% of NOx and SOz concentrations. The estimates reported by the UK under LRTAP (EEA,
2017) for 2015 for domestic shipping (also 1A3dii and 1A4ciii) indicate that domestic shipping emissions
make up 4.5% of national NOx totals, 2.1% of national PMs total emissions, 0.9% of national NMVOC
total emissions and 0.6% of national SO- total emissions.

The existing NAEI domestic shipping emissions estimates are based on a detailed shipping model in
Entec (2010)

Entec (2010) developed a bottom-up Tier 3 inventory based on a database of vessel movements for
the year 2007 that indicated vessel departure port and arrival ports and also covered vessels transiting
through UK waters. The listed departure and arrival ports of each movement were used to allocate
vessel movements as UK domestic, UK international or transiting past the UK (only the UK domestic
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portion is used in the NAEI inventory). The Entec model considered in detail the different vessel types,

engines, operation modes and fuel types to identify appropriate emission factors. The spatial distribution

of the Entec (2010) shipping model was provided by estimated (not known) vessel routings. The

dat abase of vessel movements underpinning the Entec
Intelligence Unit, which aimed to have the best coverage of large merchant vessels trading
internationally.

The NAEI currently uses Entec (2010) figures for fuel consumption and emissions from coastal shipping
and fishing in UK waters for the year 2007. For estimating fuel consumption and emissions for years
1990 to 2006 and from 2008 to the latest year, DfT port statistics are used as proxies to backcast and
forecast the 2007 estimates. Additional separate estimates are made in the NAEI to supplement the
Entec (2010) model estimates for the following domestic maritime elements:

1 Fishing by UK fleet outside of UK waters. The emissions from this activity is much larger
than the estimates for fishing activity in UK waters that is made in Entec (2010). This is reported
within source category 1A4ciii.

1 Inland waterways. This is reported as domestic shipping within source category 1A3dii. Inland
waterways in the NAEI comprises the following subcategories:

0 Sailing boats with auxiliary engines

o Motorboats / workboats (e.g. canal boats, dredgers, service boats, tourist boats, river
boats)

o Personal watercraft e.g. jet ski
o Inland goods-carrying vessels

1 Naval vessels. This separate estimate is developed using data provided by the MoD. It is
reported within source category 1A5b and is thus reported as part of the UK domestic
emissions. However, as naval emissions are outside the scope of this study, they are not
included in the figures reported above.

1 Crown dependencies (Guernsey, Isle of Man and Jersey). Vessel activity associated with
movements within the crown dependencies, or between the crown dependencies and the UK,
which is included in reporting to the UNFCCC but not included in other official reporting.

1 Shipping between UK and Gibraltar, Overseas Territories and Bermuda. These are
included in reporting to the UNFCCC, and the portion between UK and Gibraltar is included in
reporting to the EU MMR and under LRTAP.

Changes have occurred since the last bottom-up shipping emission inventory

Since the Entec (2010) inventory was undertaken, significant changes have occurred in the availability

of data that can be used to underpin bottom-up ship emissions inventories, notably the wider availability

and quality of Automatic Identification System (AIS) data and the introduction of satellite AlIS data since

2010. Such data have the potential to assist with identifying vessel movements that are not covered by

datasets of internationally trading vessels. The Entec (2010) inventory was based on a dataset of vessel
movements from the then Lloydés Marine Intelligence
300 gross tonnes with some enhancement of certain passenger vessel movements. Although attempt

was made to correct for this, the previous Entec inventory did not provide comprehensive coverage of

vessels categories such as offshore industry service vessels, tugs and service fleets, fishing fleets and

to a lesser degree passenger vessels.

Furthermore, there have also been changes in the operation of maritime fleets from the period of the
economic crisis of 2008. Principally this is related to the speed that vessels travel at, as vessel operators
sought to save fuel costs and deal with vessel overcapacity. The speed of vessels in the Entec (2010)
inventory, which affects the assumed engine load factor and hence emission factor for the engines, was
assumed to be the vessel designed (service) speed, which is not an appropriate assumption.

Since the last shipping inventory methodology update, the International Maritime Organization (IMO)
has published its Third GHG Study on global international shipping emissions (IMO, 2015). This IMO
study includes updated assessments of emission factors suitable for shipping emission inventories.
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1.2.4 Policy context

There are specific pieces of legislation affecting pollutant emissions from shipping that need to be
accounted for in the NAEI, including historical emissions and projections. These are set out in the
following subsections.

1.2.4.1 Legislation pertaining to SOz emissions from shipping

Through the framework of the International Convention for the Prevention of Pollution from Ships
(MARPOL) the IMO has regulated in MARPOL Annex VI to limit the sulphur content of fuels used by
ships and allow the introduction of emission control areas (ECAs): sea areas with tighter limits on
sulphur, NOx, and/or particulates. Annex VI was introduced in 1997, and revised in 2008. The latest
revision allows for the effective equivalent reduction in sulphur emissions through the use of exhaust
gas cleaning systems (scrubbers).

The provisions of MARPOL Annex VI limiting the sulphur content in marine fuels has been implemented
in the EU through Directive 1999/32/EC, which has been subsequently amended by Directive
2005/32/EC and more recently by Directive 2012/33/EU. This implementation also introduces additional
fuel sulphur limits for passenger vessels, and for vessels at berth in EU ports.

The North Sea® and English Channel was designated as a sulphur ECA (SECA) in 2006, and was
required by Directive 2005/32/EC to be implemented and enforced from 11 August 2007. The Irish Sea
is not a SECA. Consequently, ships operating around UK waters are permitted to use fuels with different
sulphur contents or abatement in different areas. The NAEI accounts for this with assumptions on fuel
types and emission factors, assuming 100% compliance with the geographical limits of the SECA.

The relevant fuel sulphur requirements from MARPOL Annex VI and from Directive 1999/32/EC as
amended for the inventory are:

1 Outside of SECAS, fuel sulphur content was limited to 4.5% until the end of 2011, is limited to
3.5% from 2012 until the end of 2019, and will be limited to 0.5% from 1 January 2020.4

0 Additionally (from Directive 2005/32/EC): fuel sulphur content has been limited to 1.5%
for passenger ships on regular service to or from EU ports since 11 August 2006.

1 Within SECAS, fuel sulphur content was limited to 1.5% until 30 June 2010, limited to 1.0%
between 1 July 2010 and the end of 2014, and limited to 0.1% from 1 January 2015.

1 Whilst ships are at berth in EU ports, their fuel sulphur content has been limited to 0.1%
since 1 January 2010. Directive 1999/32/EC defines 6 a t lasfallowing sufficient time for
the crew to complete any necessary fuel-changeover operation as soon as possible after arrival
at berth and as late as possible before departure6. The requirement does not
where ships are scheduled to be at berth for less than two hours.

1.2.4.2 Legislation pertaining to NOx emissions from shipping

The IMO MARPOL Annex VI includes a NOx Technical Code which provides NOx emission standards
for ship engines depending on the year of installation on a ship. The standards are:

I Tier O applies to large engines (>5MW) constructed between 1990 and the end of 1999

1 Tier |7 applies to engines >130kW constructed between 2000 and the end of 2010

9 Tier lI'T applies to engines >130kW constructed between 2011 and the end of 2015

I Tierlll7 applies to engines >130kW constructed from 2016 in designated NOx ECAs only.

Currently no seas surrounding the UK are designated as NOx ECAs. However, the IMO agreed in
MEPC70 in October 2016 that the North Sea (and Baltic Sea) will be a NOx ECA from 2021, with Tier
Il requirements placed on engines in ships constructed from 2021.

3 The IMO defines the North Sea area as the seas bounded by
the North Sea southwards of latitude 62°N and eastwards of longitude 4°W;
the Skagerrak,thesout hern | i mit of which is determined east of the Skaw by | ati
- the English Channel and its approaches eastwards of |l ongitude 5AW and
4 The date of this latter provision was confirmed by the IMO at MEPC70 in October 2016:
http://www.imo.org/en/MediaCentre/MeetingSummaries/MEPC/Pages/MEPC-70th-session.aspx
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1.2.4.3 Regulation pertaining to GHG emissions from shipping
The IMO adopted two measures in 2011 related to GHG emissions from shipping.

First, the Energy Efficiency Design Index (EEDI) is a set of energy efficiency requirements for new
ships. The requirements apply to most cargo and passenger vessels over 400 GT, which cover around
85% of GHG emissions from international shipping.® The requirements target new ship efficiency gains,
compared to a baseline of ships built between 1999 and 2009, of 10% from 2015, 20% from 2020 and
30% greater efficiency by 2025.

Second, the Ship Energy Efficiency Management Plan (SEEMP) is a tool for existing ship owners to
monitor and identify improvements to the efficiency of their existing ship. The tool does not impose
requirements to improve ship efficiencies.

Although not limiting GHG emissions from shipping, the EU Regulation 2015/757 sets requirements
from 2018 on operators of ships over 5000 GT using EU ports to monitor and report their verified annual
GHG emissions. This will include emissions relating to voyages to, from and between EU ports as well
as when operating in ports.

In the future, GHG emissions from shipping may be subject to global or EU level initiatives. Currently
however, no specific measures are in place and so cannot be accounted for in projections of the NAEI.
Whether EU initiatives may be put in place may depend on whether and how soon the IMO introduces
a global initiative.

1.3 Aims and objectives

The principal aim of this study was to review the current inventory approach and how it can be improved
in view of available activity data and emission factor options to enhance the accuracy of reported
emissions and to support policy development for shipping emissions. An overarching aim is to have a
robust approach that can be used to update the inventory each year, designed to remain consistent
with IPCC and CLRTAP inventory reporting guidelines, achieving the principles of Transparency,
Completeness, Consistency, Comparability and Accuracy. The shipping emissions inventory also
needs to serve the purpose of providing suitable spatially disaggregated inventory data for air quality
assessments.

The project had four main tasks:

1 Task 17 Data and methodology review

1 Task 21 Develop new base year ship emissions inventory for year 2014
9 Task 37 Develop backcasted inventory for years 1990 to 2013

I Task 47 Projections for years 2015, 2020, 2025, 2030 and 2035

The remaining chapters of this report cover Tasks 2, 3 and 4. Task 1 is described below.
Findings of Task 1
Task 1 reviewed the available options for updating the NAEI shipping inventory estimates.

First, base year activity data options were considered. This included using similar port-callings database
to the existing Entec (2010) study or using Automatic Identification System (AIS) data. Various AlIS
datasets were considered and reviewed, including commercial and Government sources, but also the
choice between terrestrial AIS data only or terrestrial and satellite AIS. The findings of this review were
that, to improve completeness of the inventory with respect to vessels not engaged in international
trade, smaller vessels and vessels moving from and to the same port, AIS data offered distinct
advantages. AIS data is spatially resolved, and so would improve the spatial disaggregation of the
inventory. It was agreed with BEIS (then DECC) to update the NAEI shipping emissions inventory to an
AlS data-based methodology, using terrestrial AIS data for the calendar year 2014 provided by the UK
Maritime and Coastguard Agency (MCA). The MCA data was selected for several reasons:

T The MCAbds terrestri al vedypoBdcoverage allareund the &K coastiink,
and theoretically should have very good coverage of UK domestic voyages.

5 http://www.imo.org/en/OurW ork/Environment/PollutionPrevention/AirPollution/Pages/Technical-and-Operational-Measures.aspx
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T The MCA dedworkis 8&vned and operated by the Government. Its AIS data are available
for free for this Government-commissioned project.

1 No risk of third party interception and editing of data compared to a commercially crowd-
sourced dataset.

Second, emission factors were reviewed, comparing the existing NAEI with the guidance (IPCC 2006
Guidelines, EMEP/EEA 2013 Guidebook) and the more recent 3rd IMO GHG study (IMO, 2015). It was
concluded that, because the IMO (2015) source itself had included a comprehensive review of emission
factors, its emission factors were proposed to be adopted, with the exception of SO2 emission factors
which are linked to UK-specific assumptions of fuel sulphur content and effect of sulphur emission
control areas around the UK coast.

1.4 Overview of AlS activity data

This section provides background material on terrestrial AIS data from the Maritime and Coastguard
Agency i the new activity data selected to underpin the updated shipping emissions inventory.

1.4.1 Background information on AIS

Automatic Identification System (AIS) was developed primarily as a safety system for collision
avoidance. Each vessel using AIS has a small radio device linked to their GPS system. The device
automatically transmits the AIS messages up to every few seconds (frequencies given in Table 3) in
the radio VHF band. Shore-based receivers pick up the messages and pass them to centralised data
houses for further analysis, for example by the coastguard, who can then view maps with real-time
positions (and more information) of all AlS-equipped vessels. This is schematically depicted in Figure
3. Larger vessels must operate Class A AIS, and smaller vessels can optionally use Class B AlS.
Although not originally a design feature, AIS messages can also be picked up by satellites. Although
AIS network operators such as the MCA usually use AIS in real-time, historical AlS data are also stored
in databases.

Figure 3 Depiction of terrestrial AIS network.

AIS NETWORK

SHORE BASED STATION

Class A AIS

| |

CHART PLOTTER e - CLASS B AIS DATA TRANSMITTED:
| .
4 MMSI, CALL SIGN,
y POSITION. LENGTH, BEAM,
§ o l® SOG, COG, HEADING, ETC.

o e RER /A
[SAFETY MESSAGE SWITCH]| GPS ANTENNA

Image source: www.HollandMarineHardware.nl

Which vessels can be tracked with AIS?
AIS data provides excellent coverage of cargo vessels above 300GT, all passenger vessels,

and, since 2014, fishing vessels over 15m. Service vessels are expected to be well covered.
Incomplete coverage (i.e. partial) of smaller recreational vessels.
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The requirements to carry and use AIS equi pment

(SOLAS) Convention and supplemented in the EU by Directive 2011/15/EU amending Directive
2002/59/EC establishing a Community vessel traffic monitoring and information system. This is
implemented in the UK through The Merchant Shipping (Vessel Traffic Monitoring and Reporting
Requirements) Regulations 2004 (as amended). The vessel categories in Table 2 are required to use
(Class A) AlS.

Table 2 Class A AIS requirements

ez Requirement to fit AIS Class A

category

Cargo All vessels over 300 GT on international voyages
vessels

Passenger All vessels. But Member States can exempt passenger vessels that are either <15m length or
vessels <300GT and which are engaged on non-international voyages from this requirement. It is
unclear to what extent this exemption has been implemented and thus affecting vessels
travelling in UK waters.

Fishing All vessels with overall length >15m as follows:

vessels
1  Existing vessels >24m should have been fitted by 31 May 2012

i  Existing vessels 18m to 24m should have been fitted by 31 May 2013
I  Existing vessels 15m to 18m should have been fitted by 31 May 2014
1 new-built fishing vessels >15m should have been fitted from 30 November 2010

Other, naval | No requirement.

There are no regulatory requirements on vessels not covered in Table 2 to fit AIS, i.e. including fishing
vessels <15m, cargo vessels <300GT and leisure craft. Port authorities typically equip their port service
vessels including tugs with AIS. However, many vessel operators may voluntarily choose to equip their
vessels with AlS, typically the cheaper and lower power Class B devices, for safety benefits. The
proportion of other, smaller vessels that choose to fit Class B devices is unknown. Class B AIS
messages are only broadcast when there is sufficient bandwidth on the AIS channel. AlS data therefore
has partial coverage of vessels smaller than 300 GT. Specifically for leisure craft, section 2.4.7 indicates
that coverage of recreational vessels including inland waterways may be as low as 3% to 8%.

Even with AIS fitted, a vessel can only be tracked if the AIS transmitter is switched on. The practice of
fishing vessel operators turning off their AIS transponders has been documented and investigated,
meaning that there could be periods with large gaps between messages, increasing uncertainty in using
the data for emission estimates.® However, it is assumed that close to the UK, the close oversight by
the MCA will mean that such practices of turning off AlS transponders will be very rare within the range
of t he MC/-Aivess. ThereSmay aso be legitimate reasons for gaps between consecutive AlS
messages, for example if a vessel was simply out of range of all AIS receivers, or if the receiver reached
its maximum bandwidth capacity.

The technology used to receive AIS messages has defined algorithms to deal with situations when
more AIS messages are broadcast than can be received (bandwidth exceedance). The algorithm
prioritises Class A AIS messages over Class B messages, and also discards AlIS messages from
vessels furthest away from the receiver. Hence not all vessel AIS messages transmitted are recorded,
but capacity constraints are likely to only be reached in the busiest shipping lanes such as the English
Channel. This may reduce the temporal granularity of AlS position reports below the maximum of every
few seconds, but is not considered a limiting factor for emission inventory development because when
vessels are at sea, they travel at relatively constant speeds and in relatively straight lines, such that
temporally less precise data will have low uncertainty. Marine Scotland (2014) conclude that much more
Al'S data is transmitted than received, but that
with sufficient accuracy.

6 For example, the Global Fishing Watch at http://blog.globalfishingwatch.org/2016/07/going-dark-when-vessels-turn-off-ais-broadcasts/
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What information is transmitted in AIS messages and how frequently are they transmitted?

AIS data offer high accuracy tracking of vessel positions. The data are transmitted more
frequently than needed for an emission inventory. Supplementary parameters such as
vessel speed and draught are reported, which can help refine estimates of engine load.

There are two types of AlIS messages i the more frequently generated position report messages, and
the less frequently transmitted voyage data messages. Multiple data are encoded in AIS messages;
some data are automatically generated from on-board equipment whilst others are manually entered.
Table 3 summarises the contents of Class A AIS messages. Class B AIS transmits position and voyage
messages less frequently than Class A (every 5 seconds to every 3 minutes), although this is still with
sufficient frequency for the purposes of tracking movements for inventory compilation. Full lists of AIS
message data content is included in Appendix 1.

Vessels are uniquely identified based on MMSI number i the maritime mobile service identity number.
This should be a 9-digit code, and, for vessels, should begin with one of the digits 2 to 7.7 The first three
digits are allocated to a region or country. The UK registered vessels should be allocated MMSI
numbers that begin with 232, 233, 234 or 235. IMO is also a unique identifier for the vessel, which is a
7-digit code.

Table 3 AIS position and voyage message contents

Data origin Position Report

1, 2 or 3 (Class A)
18 (Class B)

Every 2 to 10 seconds while underway

Ship static and voyage related data

5 (Class A)
24B (Class B)

Message identifier

Automatic | depending on speed; every 3 minutes while at
transmission | anchor (Class A) Every 6 minutes
frequency | Every 5 seconds to 3 minutes depending on

speed (Class B)

Message repeat indicator
Latitude,

Longitude,

Position accuracy

Speed over ground (SOG),
Course over ground (COG),
Rate of turn (Class A only)
True heading,

Timestamp

Automatically
reported data from
on-board
equipment

(high accuracy)

Message repeat indicator

MMSI number (ID)

Manually entered
by vessel
operator, typically
once

MMSI number (ID)

IMO number (ID) (Class A only)
Call sign

Name of vessel (Class A only)
Type of ship and cargo type
Dimensions of vessel

Manually entered
by vessel operator
every voyage

(lower accuracy)

Navigational status (Class A only)
Special manoeuvre indicator (Class A only)

Estimated time of arrival (Class A
only)

Destination (Class A only)
Draught (Class A only)

7 Other maritime allocations of the first MMSI number digit are:
0: Ship group, coast station, or group of coast stations
1: Search and rescue aircraft
8: Handheld VHF transceiver
9: Devices using a free-form number identity
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Are the AIS messages that are received correct?

There is high confidence in the spatial data in AIS messages. Some parameters included in
AlS messages are subject to human error.

The AI'S information on position, course and speed ar e
without human intervention and should be correct at transmission. The accuracy of AIS position data

depends on the accuracy of navigation equipment on
accuracy can be expected to be high due to annual testing requirements of such data imposed by the

SOLAS Convention (Chapter V, Regulation 18.9). However, errors may still occur with the positioning

system leading to inaccurate position data (MMO, 2014). Overall, there is high confidence in the spatial

information of AIS (MMO, 2013).

Some information included in AlIS messages is manually entered into the AlS instrument and therefore
has limitations due to operator error or misrepresentation of information. These are listed in the lower
rows of Table 3. The types of information that are manually entered once during setup rather than
frequently are prone to lower error rates i for example MMO (2013) estimated error levels in MMSI
number and ship type at 2% of entries. The information manually entered for each voyage are prone to
higher levels of error i for example MMO (2013) estimated data on ship draught was erroneous® for
35% of entries.

In addition to inadvertent mistakes in AIS reported data, it is also possible for AIS data to be purposefully

altered (Balduzzi et al., 2014). AIS messages could be subject to various spoofing and hijacking threats,

and also that threats exist that may disrupt the availability of receivers. The extent to which AIS data

that are received have been subject to malicious medication or otherwise is not known. Neither is the

extent to which receiversd availability has been mal
through the choice of Government-owned AIS network data.

1.4.2 Further information on terrestrial AIS data from the MCA
Overview of data provided by the MCA

Class A and Class B data from one (former) MCA database system i calendar year 2014;
Class A and Class B data from second (new) MCA database system i Sept - Dec 2014.

The MCA provided calendar year 2014 class A and class B terrestrial AIS data in an encoded 6-bit
binary format. In all, these data were around 2 billion AIS messages, stored in text files totalling around
260 GB. Class A and Class B data were provided in separate files. The different types of AIS messages
(position and voyage messages) were not separated.

During 2014, the MCAGO6s AI'S data storage network compr
transitioned to a new storage system. To ensure a complete dataset for this study, the MCA provided

data from both their systems for certain months of the year as during September, October and
November neither of the MCAO®ds systems recosthadd al l t
combining the two systemsédata would produce a complete activity dataset. The following data were

provided:

T 6Legacyd6 system: data for the calendar year 2014,
1T 6FCG6: data for four months SeptembenthperelasBbecember

The data received from the MCA unexpectedly included coverage from terrestrial receivers along
foreign (Spanish, French, Belgian, Dutch, German, Danish and Norwegian) coastlines, presumably due
to the MCAG6s data sharieafgigura§)r eement via EMSA (s

Activity data for an entire calendar year was used rather than using vessel activity data for discrete
weeks distributed around the calendar year as being representative of an entire year of activity and
appropriate scaling up. This choice was made to minimise uncertainty in allocation of emissions
between domestic and international voyages that would otherwise span the discrete time periods being
analysed and not analysed. This uncertainty was identified in MMO (2013) and MMO (2014).

8 Erroneous was taken to be outside +/-2 0 % t ol er ance of data recorded in Southampton Portds Vess:d
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From an air quality point of view, using satellite AlIS data to complement terrestrial AIS data brings little
benefit in improving the quantification of pollutants emitted most closely to the UK shores in spite of its
coverage spanning a greater range off the UK coastline.

What is the theoretical range of terrestrial AIS?

Terrestrial AlS data should provide near complete coverage within 12nm of the UK coastline
(UK territorial waters) but incomplete coverage to 200nm (exclusive economic zone).

AIS messages are sent as VHF radio signals, which are limited to line-of-sight (plus diffraction effects)
and are affected by atmospheric conditions. Terrestrial AIS receivers can typically pick up Class A AIS
messages from vessels that are up to 30-50 nautical miles (nm) away, and Class B AlS messages from
vessels up to 10-15 nautical miles away. The range is affected by the height of the transmitter on the
vessel and the height of the receiver above water. The range can decrease during poor atmospheric
conditions (e.g. Class A down to 20 nautical miles) yet may extend to several hundred nautical miles
from high antenna during specific atmospheric conditions (MMO, 2014). This variability according to the
weather means that coverage of a terrestrial-AlS dataset varies during a calendar year. Landmass also
affects signals. The placement of where receivers are located limits where vessels can be tracked.

These ranges mean that terrestrial AIS data on its own should provide complete coverage of vessels
within UK territorial waters of 12nm from the coastline, assuming receiver stations provide coverage
around the entire coastline. Terrestrial AIS data are not expected to provide complete coverage of all
shipping activity up to the 200nm limit of the exclusive economic zone, although, importantly, most
domestic activity from AIS Class A and B is expected to be captured. This is because vessels on UK
domestic voyages, aside from fishing vessels and those servicing offshore oil & gas platforms, may be
expected to remain within 60 miles from the UK coastline to be able to receive emergency assistance
from the coastguard.®

What coverage does the MCAGO6s terrestrial Al'S net wor k

The MCAO6s terrestrial AlS receiver networ k ste
should provide near complete coverage of coastwise UK domestic voyages. Coverage is
expected to be incomplete for vessel journeys to some offshore oil/gas platforms or fishing
in non-UK waters.

Vessels travelling between the UK and the Crown Dependencies of Jersey, Guernsey and
the Isle of Man are covered by the MCA terrestrial AIS data.

Vessels travelling between the UK and the Overseas Territories (and domestically within the
Overseas Territories) are not covered by the MCA terrestrial AlS data.

The Maritime and Coastguard Agency (MCA) is responsi bl
data network to meet the requirement of monitoring vessels over 300 GT of the Vessel Traffic Monitoring
Directive. I n practi ce, rancheshaMcitt AlS dataaithiotbeadountwiesaid s af et vy
the European Maritime and Safety Agency (EMSA) and in turn accesses AIS data from those other

countries integrated with its own AlS data.

The MCAG6s exclusive net wor k of commehensive eceptisntcavérage ns ai ms
around the UK coastline. Th easlof@l4 are shaws in leigure #,baeh MCAG s r
of which is shown with 10nm and 20nm radii to show theoretical normal reception of AlIS-B messages,

and small AIS-A vessels (e.g. fishing vessels), respectively. Figure 4 also shows a blue line marking

the collective coverage for the typical class A vessels (40nm reception of each receiver). The 2014

Class A and B AIS data provided by the MCA for the study are shown in Figure 5. Comparing the

indicative reception range of 40nm shown in Figure 4 with the MCA data in Figure 5 suggests that the

terrestrial AIS data from the MCA ought to offer very good coverage of coastwise UK domestic

movements as the data show spatial coverage significantly beyond the theoretical average limit in

Figure 4.

 Personal communication, MCA, 27 July 2017, and MCA (2003)
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Figure 4 Indicative 40nm reception range of MCA AIS  Figure 5 Class A (left) and B (right) position report density per km? in 2014 after downsampling to 5 minute
receiver network shown by the blue solid line intervals (data source: MCA terrestrial AIS)

suggests largest gaps of coverage of the exclusive

economic zone is in the North Sea, southwest of

Cornwall and north/west of the Outer Hebrides

(source: Marine Scotland, 2014)

ClassB Position Messages
Count

K

B 1-10

[ J1w-s0

[ s0- 100

I vore than 100

®  AIS Temestrial Receiving Stations
=== UK Fishery 200NM Limit
10 Nautical Mile Buffer = AIS-B Receiving Range
20 Nautical Mile Buffer = AIS-A (small vessels) Receiving Range
40 Nautical Mile Buffer = AIS-A Receiving Range
l-.. 1350 Nautical Mile Buffer = Maximum Range in Favourable Atmospheric Conditions

Containg OS data 3 Crown Copyright and database right 2016

Ricardo in Confidence Ref: Ricardo/ED61406/Issue Number 5



Ricardo Energy & Environment A review of the NAEI shipping emissions methodology | 13

The MCA has not assessed the completeness of coverage of its own terrestrial AIS network, nor
compared it to commercial AlS datasets.19 Although an anecdotal view indicated that parts of the
Humber estuary had poor reception coverage in 2014, the data provided do not support this view, as
vessels are well tracked through this estuary.

A comparison of movements identified from four separate weeks of MCA Class A AIS data against
records from the Port of So uférthesanpetperiodsteas pregicuslydbéen Tr af f i ¢
made ABPmer (MMO, 2013). This comparison identified that approximately 16% of the vessel transits
identified in the VTS dataset were not identified in the AIS dataset. Of the missing ones, around 15%
were likely not recorded either because the vessel was less than 300GT and so did not have an AIS
transmitter or because it was a military vessel not transmitting AIS information. Military vessels are
excluded from this model, and vessels less than 300GT may include pleasure craft which are also
excluded from this model. For the remaining missing movements (around 85%) speculated reasons for
the movements not being recorded include: the vessels did not transmit an AlS signal; the vessel used
a Class B transmitter; the vessel was out of range of the receiver station; the receiving station had
reached bandwidth capacity. As Class B AIS data has been used in this model, and that additional MCA
AIS aerials have been erected to cover the Solent, this finding from MMO (2013) is not expected to be
a limitation for this study.

Marine Scotland (2014) identified thrcoeragawastes f or wh
comprehensive and for which satellite AIS data could improve the understanding of vessel movements:

9 North of the Scottish mainland coast, and west of the Shetland isles
1 West of the Outer Hebrides
T Southwest of Cornwall

However, additional aerials have since 2014 been installed in Cornwall and on the Outer Hebrides such
that these limitations do not apply to post-2014 AIS data from the MCA. Given the typical reception
coverage of the MCA network, and that vessels operating domestically often limit themselves to 60
miles offshore (with some exceptions) due to the requirements of the Merchant Shipping and Fishing
Vessels (Medical Stores) Regulations 1995 (MCA, 2003), satellite AIS data were not selected for use
in this project as they were not expected to add significantly to the data provision and coverage of
domestic movements. However, the emissions from vessels for which there is a gap between AIS
messages (e.g. when out of range, briefly) can nevertheless be estimated by assuming the same engine
load for the duration since the previous AlIS message.

What limitations might exist for distinguishing between UK domestic and international voyages?

The destination, and hence allocation as domestic/international, of any vessel regardless
of its type which travels outside the range of the terrestrial AIS will be unknown. However,
reasonable assumptions for each vessel type may be made.

Assignment of voyages as being UK domestic or international is difficult when a vessel calls at a UK
port but then the AIS signal is lost for a period of time when the vessel goes out of range of the terrestrial
receiver networks. Depending on the length of gap between AIS messages, in the intervening period
before the vessel is tracked again, the vessel may have:

9 called at a non-UK port (e.g. cargo vessel),
T called at a UK or other countryds offshore oil/ ga
1 simply remained out of range without calling at a port or platform (e.g. fishing vessel).

Vessel movements betweentheUKand of f shore platforms that are within
zone should be classified as UK domestic movements. Previous work (Porathe, 2013) has identified

that terrestrial AIS data alone has incomplete coverage of vessel movements to all permanent North

Sea platforms. From Figure 5 it is clear that at least some North Sea platforms are included in the

coverage. However,it i s uncl ear to what extent vessels visit al
and therefore the actual extent of incompleteness. Figure 6 s hows t he B@GAXNSClasseAr r e

10 personal communication, MCA 28 August 2015.
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data in the North Sea overlaid with the | ocations of
pl atforms, i . &xclusivé Ecbnonmic Zbnie €EEA), ldré marked in blue.

Figure 6 Class A AIS position message density in North Seaf r om MCAG6s Terrestrial Al S |

permanent platforms shown - blue UK, purple other countries. Sources of data: BEIS (offshore
installations), MCA (FPSOs/movable rigs)
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