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Presenter
Presentation Notes
Good morning, everyone. I am Yiqi Zhang, from Hong Kong University of Science and Technology. It’s my great honor to be here to give the presentation and share you my research on generating marine emission inventory. 
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Presenter
Presentation Notes
The presentation will be delivered into four parts. 

First is some background information of marine emission in Hong Kong. 

Then I will introduce the development of marine emission control policy in Hong Kong. 

In part 3, I will show you the method of spatial temporal analysis we used in this study and its results. 

Finally, it’s the summary and outlook.  

To begin with, we would like to ask why we need to care about the marine emission? 


) :

What is Marine Emission?
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Presentation Notes
To start, what is marine emission? wow… basically, the marine emission in my research refers to the air pollutants emitted from the vessels, such as the plume black smog here. It is because of the fuel combustion from engine operation of the vessel. 


® :
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Presenter
Presentation Notes
For activity-based estimation of marine emission inventory, there are three key data required.  First is the Ship Activity Records which contain real-time ship activity information including location, date time and activity status such as speed. Another data we must need for estimation is the ship parameter dataset, which provide engine technical data. And the last one is the emission factors which is varied with fuel component. 
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Presenter
Presentation Notes
For the activity data, now the automatic information system has been widely used. AIS was developed 15 years ago as an automatic tracking system used for ship safety, to avoid collision. The AIS equipment installed on the ship would have the spatial-temporal activity data of the ship, including latitude, longitude, moment, and real-time speed. All of the data are collected and stored in the database.  Since 2004, the international marine organization requires that AIS must be installed on all ships of 300 gross tonnage and upwards engaged on international voyages, cargo ships of 500 gross tonnage and upwards not engaged on international voyages and all passenger ships irrespective of size. Thus, the AIS data could provide us the ship activity data of major vessels. 


() :

Ship Parameter Data

¢ World Register of Ships Database
O global database, vessels with IMO number

+¢ Ship Classification Societies
+¢* Local Administration Records

s+ Commercial Databases
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Presenter
Presentation Notes
For ship parameter data, they could be found in World register shipping database, ship classification societies that responsible for ship technical standards, local administration records. Some commercial database may provide data access to one or multiple dataset. In this research, we only purchase the World Register of Ships Database, which contain 190 thousand historical and existing ships with IMO number.  


Parameter Category

(AIS Database)
IMO Number

) :

Ship Activity Data

Ship Parameter Data
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Vessel Type
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Engine Power, Engine Speed

Ship Maximum Speed
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Real-time Speed
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Date time

Temporal Info
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Presenter
Presentation Notes
From here, we take a closer look at these two important databases. The table shows the available parameters in both database. Both datasets have the parameter field IMO number, MMSI, Ship Name and Call Sign, which indicate the ship identity. Yet, some AIS records do not have a complete identity information. For example, the IMO number is a invalid number. For vessel type, the category in these two datasets are using different criteria. Both have vessel size in length and beam value, but only parameter database has the size information in terms of GT, DWT, TEU; Engine information is only available in ais database. 


®
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Presenter
Presentation Notes
In order to estimate the emission, the engine-related parameters need to be linked or assigned to ship activity data. 

Gross Tonage, Maximum Summer Deadweight, Maximum Total Number of Containers


®
K

esearch Questions

AlS-based Estimation
» Ship Activity Data — AIS Records

» Ship Technical Parameters

} |dentified by IMO number or MMSI

Problem: AlS records could NOT be identified in Ship Parameter Database?

» Your available ship parameter database do not cover all the vessels with AIS
records, such as some domestic vessels

Could we estimate marine emissions from all vessels with AIS records?
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Presenter
Presentation Notes
the general practice is to link the ship parameter database to ship activity database by IMO number or MMMSI,  so that the ships in AIS database will have pertinent parameter value for estimation. However, here comes to the question, what is the AIS record could not be identified in the available ship parameter database? For example, domestic vessels without IMO number. 

So here bring in my research question that I try to answer in this presentation: could we estimate marine emissions from all vessels with AIS records?

To solve this problem, I tried to use the available ship parameter database and a whole-year global AIS records. 



?VIethodoIogy

800+ million Activity Records 190,000+ Ships Parameters

AIS Activity Data Ship Parameters
(« IMO * IMO

e MIMSI Ship e MIMSI
e Ship Name g ae e Ship Name
e Call Sign Identification « Call Sign y
e AIS Ship Type @ e Statcode5
e Length e Length
e Latitude Identified « Gt DWT, TEU
e Longitude Ship e Ship Maximum Speed
e Movement Date Time e Engine Power
e Speed * Engine Speed

e Ship Construction Year
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Presenter
Presentation Notes
Here is the data overview. From the AIS real-time system, we have over 800 million rows of vessel activity records. To calculate the emission, we need the technical parameters of the vessels, such as the engine power, maximum speed, etc, which are not included in the AIS activity data. Therefore we acquire another database of ship parameters. This database is developed by IHSF, the organization that manage the world registration information of vessel for international navigation. In this database, we could get the ship technical data, such as engine power. Both AIS activity data and ship parameters have the IMO number and MMSI number of vessels which are unique to vessel and could be used for linking the database. The combination of these two database could estimate the emissions from main engine, but what about the auxiliary engines? That needs other literature reviews to get the data. And so far the available data from auxiliary engines are classified by the ship groups in the ship parameters database. One thing should pay attention is, the ship category system in this two database are different. 


Methodology

AlIS Activity Data

800+ million Activity Records 190,000+ Ships Parameters

-
|_Ship Parameters

Ship Parameters

(« IMO e IMO b
e MIMSI Ship e MIMSI
® Ship Name Identification Ship Name
\* Call Sign e Call Sign Y,
e AlS-based Ship Type @ e Statcode5b
e Length e Length
e Latitude Identified <Gt DWT TEU
e Longitude Ship e Ship Maximum Speed
e Movement Date Time e Engine Power
e Speed * Engine Speed
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Quantile
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=)

Ship Parameters

1

Group Statistics

e AlS-based Ship Type
e Length Range

e Ship Max. Speed
e Engine Power
e Engine Speed
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Methodology

Key Assumptions

 The AIS records of Identified Vessels could be linked to the available ship parameter

database by matching the IMO number or MMSI in both datasets

 The AIS records of Unidentified Vessels could be assigned the parameters values by

matching their AIS Ship Type and Length Range
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?VIethodoIogy

How to estimate marine emission inventory?

Emission Engine Work Output X Emission Factor

A

Engine Load X Activity Time

A A

Ship Parameters AIS Activity Literature Review Rules &
Database Records

Regulations
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Presenter
Presentation Notes
Here is the basic equation for the AIS-based estimation of marine emission inventory. The emission is the function of engine work output and the emission factors.  The calculation of engine work output require Ship Activity Records from AIS database and the engine technical data. The engine technical data include engine power, engine speed etc. The ship technical 


Methodology

How to estimate marine emission inventory?

Emission =| Engine Work Output X Emission Factor
o)
Engine Load X Activity Time
Unidentified Identified ‘

Vessels Vessels

l
L

ShipType—  Ship Parameters AIS Activity Literature Review  Rules & = Regulations
Length Range Database Records
Ship Parameters
Database
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Case Study:

Pearl River Delta, China

11111
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Ocean-going Vessels

High Speed Craft
(Regional Ferries)

River Vessels

Identified vessels that AIS Ship Type 2 7%
is NOT High Speed Craft 70

Identified vessels that AIS Ship Type o
is High Speed Craft B

All unidentified vessels 0.04%
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PRD SOx Emission from Ocean-going Vessel in 2015 (tonnes) PRD SOx Emission from River Vessel in 2015 (tonnes)

tonnes/year tonnes/year
10° 10°
23°N 23°N I
10° - 10°
40 - 10
22.5°N 22.5°N
- 10° - 10°
10" 10"
22°N 22°N
107 107
resolution: 1 km
113°E 113.5°E 114°E 114.5°E 113°E 113.5°E 114°E 114.5°E

()



PRD NOx Emission from Ocean-going Vessel in 2015 (tonnes) PRD NOx Emission from River Vessel in 2015 (tonnes)
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PRD NOx Emission from High Speed Craft in 2015 (tonnes)
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NOx from HSC in 2015 (D4, by Hour UTCS8, tonnes)

500 T T T T T
e Marine Navigation - Summary of Marine Traffic Activites
Bl Manzuvering
B Siow Crulse Tabie 1: Daily Sailing Schedule of Skypier
LR Company From To [ Departure Time
CKS Shenzhen Shekou Hong Kong 7:45
Turbojet Shekou Hong Kong 745
400 | Turbojet Macau Hong Kong 7:30
CKS Hong Kong Shenzhen Shekou 900
CKS Sherzhen Airport Fuyong Terminal Hong Kong 8:30
CKS Macau Quter Harbour Ferry Teminal Hong Kong 8:20
CKS Sherzhen Shekou Hong Kong 8:45
Turbojet Shekou Hong Kong 8:45
-'l}.'- CKS Dongguan Humen Hong Kong 8:15
O CKS Hong Kong Zhongshan 9:35
c 300 | CKS Hong Kong Shenzhen Shekou 9:50
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_E Turbojet Macau Hong Kong :15
- CKS Macau Taipa Hong Kaong 9:25
S CKS Hong Kong Shenzhen Airport Fuyong Terminal 10:15
2 o0 0000
i L ] : ”
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I Turbojet Hong Kang Macau 19:50
CKS Shenzhen Shekou Hong Kong 19:30
Turbojet Shekou Hong Kong 19:30
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PRD NOx Emission from All Vessels in 2015 (tonnes)
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PRD NOx Emission from All Vessels in 2015 (tonnes), Speed: < 0.1 knot PRD NOx Emission from All Vessels in 2015 (tonnes), Speed: 8~12 knots
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Results
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» An innovative method, based on whole-year global AIS data, is developed to estimate
emissions from all vessels with AlS-installed.
» It is necessary to estimate the emission contributions from unidentified vessels,

especially for the regions with extensive inland river network, e.g. PRD region.
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Presentation Notes

on or after 1 January 1990 but prior to 1 January 2000; on or After 1 January 2011;on or after 1 January 2016 operating in ECAs 

The ECAs established are:
 
Baltic Sea area – as defined in Annex I of MARPOL (SOx only);
North Sea area – as defined in Annex V of MARPOL (SOx only);
North American area (entered into effect 1 August 2012) – as defined in Appendix VII of Annex VI of MARPOL (SOx, NOx and PM); and
United States Caribbean Sea area (entered into effect 1 January 2014) – as defined in Appendix VII of Annex VI of MARPOL (SOx, NOx and PM).
 
Most ships which operate both outside and inside these ECA will therefore operate on different fuel oils in order to comply with the respective limits.
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Presenter
Presentation Notes
To start, what is marine emission inventory? wow… basically, the marine emission in my research refers to the air pollutants emitted from the vessels, such as the plume black smog here. It is because of the fuel combustion from engine operation of the vessel. This is for one vessel for a moment. So how about numbers of vessels, in different places in different periods, how much pollutants will be emitted from the vessel. This is the marine emission inventory. 


Appendix

e IMO Number:
O IMO number is assigned by IHS Fairplay (IHSF) to propelled, sea-going merchant ships of 100 GT and above.
O The IMO number is an unique seven digit number. It isnever reassigned to another vessel
O All OGVs of 100 GT and above MUST have IMO number
0 Vessels with IMO number are not necessarily OGVs, as IHSF has extended the IMO Scheme on a voluntary basis.

e AIS Installment:
O OGVs of 300 GT and above MUST install AlS.
O Non-OGVs of 500 GT and above MUST install AIS.
O In China, all coastal vessels and cargo/tanker ships of 500 GT and above are required to install AlS.
O In China, most OGVs less than 300 GT and Non-OGVs less than 500 GT have installed AlIS.
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%ppendix

How to estimate marine emission inventory?

Emission =| Engine Work Output X Emission Factor
o)
Engine Load| X Activity Time
Main Engine Auxiliary Engine Auxiliary Boiler

For Main Engine:

real — time Speed

Engine Load = Engine Maximum Power X (Ship Maximum Speed
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Presenter
Presentation Notes
The coming question is how to estimate the MEI? In generally, there are two approaches. One is top-down method, and the other one is bottom up method. For top-down approach, it directly use fuel consumption records to estimate the emission amount. For bottom up approach, basically, it use ship activity data to estimate the emission. We could compare in this way: for example, we want to know how many CO2 are produced by us here. One method is the estimate the total change of CO2 amount in this room as whole; the other approach is to estimate the CO2 produced by different activities of individuals here and then sum up.  In the following 20 minutes,  you are just sitting, while I am standing here and speaking, the CO2 amount we produced are different. If we have the emission factors for our activities, then we could calculate the total CO2 production. Different from top-down approach, the activity-based method enable us the know the location CO2 emission of different moments, which could provide us the spatial and temporal distributions of the emission.  This is exactly the same as the estimation for the ship emission inventory. 
In my research, I will use the activity-based approach to estimate the marine emission inventory.
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Appendix

SOx -- PRD (D4) 201501 -- Vessels (valid IMO) EStI mated AIS reco rdS

| IMO|MMSI|CallSign|ShipName | ShipTvpe | Lengthl | Beaml | Draught | Speed|La

| 9626223 1413475560 | AXES | YUESHAOGUANHIOCZ2929 | Cargo | 67.0(13.0(0.0]6.5]

19626223 1413475560 | BOKL | YUESHROGUANHIOZ2929 | Cargo | 67.0(13.0(10.010123
-

AlS Live
[>> HUA LONG .
Anchor Handling Tug Supply
WatchList [
MMS] 413475660
Soestontieanes Callsign  BOKL
0.000 - 0,005 MO 9626223
[1] -0
AR Lastseen 1 day ago
°  0051-0.100 Last port Huizhou Dongma
» 0101 - 1.000
1.001 - 5.000 Destination Lufenei
5.001 - 10.000
: ;ﬁ};iﬂx > YUESHAOGUANHUO 2929 .
+ 50 - 200.000
== Ma:i;RD Cargu

2 WatchList [
s MMSI 413475560
Callsign AXXES
World Registration of Ship Mo 9626223
IMO ~| MMSI - CallSign - ShipNar - Statcod: - | Status - | Length -| Beam - Draught - | MaxSpeed - T 20 days ago
19626223 413475660 BOKL  Hualong B21B20A Delivered 75 16.5 6.1 14.5 . Destination NIA
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Appendix

IMO |MMST |CallSignl ShipName | ShipType | Lengthl |Beaml | Draught | Speed|Latitude | Longitude
9999999 412469620 | BXQQ | JIANGONGLEE | Unknown | 78.0|16.0]13.5]8.5(22.297432|114.1493917

9876543 1412418880 | BLAT3 | JIRYURNS9 | Cargo|94.0114.015.518.4122.2922(114.13 IMO - | MMSI - |CallSign - ShipNar - | Statcod: - | Status "mﬂﬂﬁ ‘|B%"|' Draught - | MaxSpeed -
=) 96780561477995299 | VRLZ | TRIMINIL |Tanker|1.0(1.010.0]2.9]122.3279|114.128 | 9678056 VRLZ2  Taiminl AI13B2TP Delivered 48 13.8 5 9
960000012012081701 ITEST1 | Unknown [50.0110.010.010122.306053/1114.122787
X |9505508| 266772656 | BBTET | DGSHIOOL |Unknown | 40.018.0(8.8(0(122.3244(114.151 19505508 259073000 LGSY Havila Sub B22A20R Delivered 98 19.771 8 111
»9348182I636014884IASKEZSIAE'IERIKICaDgDIl.DIl.UISI.SIUI22.336667|114.12?833 9348182 Asterix  A33A2CC Delivered 18246  25.2 10 20.2

9306119|6360914E87 | AS0K4 | POEQSINA|Cargo|213.0132.018.210122.329783(114.13215
9306117|565425000| 9VERS |KLEI316 | Cargo|213.0132.0111.310122.338783(114.12605
9100000(477990007 |BADCCBA | FAT |Unknown [30.0110.010.010122.3287(114.129
9041000/413465410|B|TUTJINQIAD1E] |Unknown|1.0]1.0(0.0]10]122.3119(114.146
x|90134141477911000 | VRZS5 | WINGDART | Cargol50.0114.018.617.6122,2905131114,130352 | 5012414 3FKW3  TuoFu3 A21A2BC Scrapped 228.5 322 13.29 4.2
8084521 1413464990|61035|HUTJINQIAOS] |Cargo|49.0115.013.610(122.3048/114.15
8061113/413888890 | TSTAISE|HAITATIIHAC | Fassenger|73.0114.011.4(0/22.3017621114.123152
7869000[412000008 |0 |WOTRADO | Tender|1.0(1.010.0]19.7]122.3004(114.128
7078001172687264710000000100000000000000000000|Law Enforcement|96.0(96.014.810.1122.30571114.123
5536481141223456710|15H|Carge|50.016.010.016.9122.29331114.142
536388761477995084 | |IPILOTS | Filot Boatl|14.014.010.010.2122.31171114.159
4973155/412468480 | LTG0 | HUIJINQIAOTE |Cargo|49.0115.013.5/0.6]122.3118]1114.125 SOX  PRD (D4) 2015 - Vessels (without valid IMO number)
49730001477995124 |VR54487 | PILOTE3 | Filot Boatl|14.014.010.0117.6122.2913671114.137872
4972000|477995123|VR54486 | PILOTE2 | Pilot Boat|14.0(4.010.0116.2122.293305(1114.13329
49710001477995122 |VR54485 | PILOTE1 | FPilot Boatl|l14.014.010.010.7122.3187071114.1459438
45687893 1413762739]100200 | GUANGEBOYUN1000 |Cargo|49.0]113.010.4[0[22.3056]114.157
446345314134701401C3 |HUIHAILONG163 [Cargo|52.0117.013.811.1122.32571114.125
4416707 (412465480 | LNERAW|HUIJINQIAOTE [Cargo|458.0115.013.510.4122.3122]1114.15
41247321412473290| INANHANGT737 |Cargo|75.0115.014.510122.30221114.15
4124696(412469680| |HUIGANGTIONG133 | Carge|50.0114.012.016.3122.299[114.128
40471471413900952 |TSTAISE|RONGIINGSE [Cargo|459.0113.014.210.3122.3121371114.122573
3849388 359593872 | PAHPAU1 | TDAXX3QDTHIUD |Cargo | 625.0178.016.0(0122.2905]114.13%
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SOx Estimates (tonnes) Original Data (A) STL Median (B) Ratio (B/A)
Unidentified Vessels 1,031
Identified Vessels 61,357 53,994 0.88
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The coming question is how to estimate the MEI? In generally, there are two approaches. One is top-down method, and the other one is bottom up method. For top-down approach, it directly use fuel consumption records to estimate the emission amount. For bottom up approach, basically, it use ship activity data to estimate the emission. We could compare in this way: for example, we want to know how many CO2 are produced by us here. One method is the estimate the total change of CO2 amount in this room as whole; the other approach is to estimate the CO2 produced by different activities of individuals here and then sum up.  In the following 20 minutes,  you are just sitting, while I am standing here and speaking, the CO2 amount we produced are different. If we have the emission factors for our activities, then we could calculate the total CO2 production. Different from top-down approach, the activity-based method enable us the know the location CO2 emission of different moments, which could provide us the spatial and temporal distributions of the emission.  This is exactly the same as the estimation for the ship emission inventory. 
In my research, I will use the activity-based approach to estimate the marine emission inventory.
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Presentation Notes
The coming question is how to estimate the MEI? In generally, there are two approaches. One is top-down method, and the other one is bottom up method. For top-down approach, it directly use fuel consumption records to estimate the emission amount. For bottom up approach, basically, it use ship activity data to estimate the emission. We could compare in this way: for example, we want to know how many CO2 are produced by us here. One method is the estimate the total change of CO2 amount in this room as whole; the other approach is to estimate the CO2 produced by different activities of individuals here and then sum up.  In the following 20 minutes,  you are just sitting, while I am standing here and speaking, the CO2 amount we produced are different. If we have the emission factors for our activities, then we could calculate the total CO2 production. Different from top-down approach, the activity-based method enable us the know the location CO2 emission of different moments, which could provide us the spatial and temporal distributions of the emission.  This is exactly the same as the estimation for the ship emission inventory. 
In my research, I will use the activity-based approach to estimate the marine emission inventory.
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Presentation Notes
The coming question is how to estimate the MEI? In generally, there are two approaches. One is top-down method, and the other one is bottom up method. For top-down approach, it directly use fuel consumption records to estimate the emission amount. For bottom up approach, basically, it use ship activity data to estimate the emission. We could compare in this way: for example, we want to know how many CO2 are produced by us here. One method is the estimate the total change of CO2 amount in this room as whole; the other approach is to estimate the CO2 produced by different activities of individuals here and then sum up.  In the following 20 minutes,  you are just sitting, while I am standing here and speaking, the CO2 amount we produced are different. If we have the emission factors for our activities, then we could calculate the total CO2 production. Different from top-down approach, the activity-based method enable us the know the location CO2 emission of different moments, which could provide us the spatial and temporal distributions of the emission.  This is exactly the same as the estimation for the ship emission inventory. 
In my research, I will use the activity-based approach to estimate the marine emission inventory.
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The coming question is how to estimate the MEI? In generally, there are two approaches. One is top-down method, and the other one is bottom up method. For top-down approach, it directly use fuel consumption records to estimate the emission amount. For bottom up approach, basically, it use ship activity data to estimate the emission. We could compare in this way: for example, we want to know how many CO2 are produced by us here. One method is the estimate the total change of CO2 amount in this room as whole; the other approach is to estimate the CO2 produced by different activities of individuals here and then sum up.  In the following 20 minutes,  you are just sitting, while I am standing here and speaking, the CO2 amount we produced are different. If we have the emission factors for our activities, then we could calculate the total CO2 production. Different from top-down approach, the activity-based method enable us the know the location CO2 emission of different moments, which could provide us the spatial and temporal distributions of the emission.  This is exactly the same as the estimation for the ship emission inventory. 
In my research, I will use the activity-based approach to estimate the marine emission inventory.
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The coming question is how to estimate the MEI? In generally, there are two approaches. One is top-down method, and the other one is bottom up method. For top-down approach, it directly use fuel consumption records to estimate the emission amount. For bottom up approach, basically, it use ship activity data to estimate the emission. We could compare in this way: for example, we want to know how many CO2 are produced by us here. One method is the estimate the total change of CO2 amount in this room as whole; the other approach is to estimate the CO2 produced by different activities of individuals here and then sum up.  In the following 20 minutes,  you are just sitting, while I am standing here and speaking, the CO2 amount we produced are different. If we have the emission factors for our activities, then we could calculate the total CO2 production. Different from top-down approach, the activity-based method enable us the know the location CO2 emission of different moments, which could provide us the spatial and temporal distributions of the emission.  This is exactly the same as the estimation for the ship emission inventory. 
In my research, I will use the activity-based approach to estimate the marine emission inventory.


Emission Factors EF(fuel) = EF(baseline) X Fuel Correction Factor(fuel)

Baseline Emission Factors (HFO with 2.7% sulphur content)

engineType | Type | PM10 | PM2s | NOx | SO« | o | HC_
TO 1.50 1.20 18.10 10.50 1.40 0.60
T1 1.50 1.20 17.00 10.50 1.40 0.60
T2 1.50 1.20 14.40 10.50 1.40 0.60
TO 1.50 1.20 14.00 11.50 1.10 0.50
T1 1.50 1.20 13.00 11.50 1.10 0.50
T2 1.50 1.20 11.20 11.50 1.10 0.50
TO 1.50 1.20 14.00 11.50 1.10 0.50
T1 1.50 1.20 9.80 11.50 1.10 0.50
T2 1.50 1.20 7.70 11.50 1.10 0.50

Fuel Correction Factors

Fuel (5%) PM10 | PM25 | NOx | SOx | CO | _HC
1 1 1

2.7 1 1 1
0.16 0.16 0.94 0.019 1 1
0.16 0.16 0.94 0.015 1 1
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The coming question is how to estimate the MEI? In generally, there are two approaches. One is top-down method, and the other one is bottom up method. For top-down approach, it directly use fuel consumption records to estimate the emission amount. For bottom up approach, basically, it use ship activity data to estimate the emission. We could compare in this way: for example, we want to know how many CO2 are produced by us here. One method is the estimate the total change of CO2 amount in this room as whole; the other approach is to estimate the CO2 produced by different activities of individuals here and then sum up.  In the following 20 minutes,  you are just sitting, while I am standing here and speaking, the CO2 amount we produced are different. If we have the emission factors for our activities, then we could calculate the total CO2 production. Different from top-down approach, the activity-based method enable us the know the location CO2 emission of different moments, which could provide us the spatial and temporal distributions of the emission.  This is exactly the same as the estimation for the ship emission inventory. 
In my research, I will use the activity-based approach to estimate the marine emission inventory.


Emission Factors
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The coming question is how to estimate the MEI? In generally, there are two approaches. One is top-down method, and the other one is bottom up method. For top-down approach, it directly use fuel consumption records to estimate the emission amount. For bottom up approach, basically, it use ship activity data to estimate the emission. We could compare in this way: for example, we want to know how many CO2 are produced by us here. One method is the estimate the total change of CO2 amount in this room as whole; the other approach is to estimate the CO2 produced by different activities of individuals here and then sum up.  In the following 20 minutes,  you are just sitting, while I am standing here and speaking, the CO2 amount we produced are different. If we have the emission factors for our activities, then we could calculate the total CO2 production. Different from top-down approach, the activity-based method enable us the know the location CO2 emission of different moments, which could provide us the spatial and temporal distributions of the emission.  This is exactly the same as the estimation for the ship emission inventory. 
In my research, I will use the activity-based approach to estimate the marine emission inventory.
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