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Potential dimensions of “footprint”Potential dimensions of “footprint”
Fuel useFuel use
Greenhouse gas emissionsGreenhouse gas emissions
Criteria air contaminant emissionsCriteria air contaminant emissions
Area of land occupiedArea of land occupied
Water contamination (spills)Water contamination (spills)
AccidentsAccidents
NoiseNoise
CongestionCongestion
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CongestionCongestion
Aesthetics Aesthetics 
Introduction of nonIntroduction of non--indigenous speciesindigenous species

Single index for “footprint”?Single index for “footprint”?

WWF designed “ecological footprint”:WWF designed “ecological footprint”:
“ f bi l i ll d i l d d d d id“ f bi l i ll d i l d d d d id“area of biologically productive land and water needed to provide “area of biologically productive land and water needed to provide 
ecological resources and services ecological resources and services –– food, fibre and timber, land food, fibre and timber, land 
on which to build and land to absorb CO2 released by burning on which to build and land to absorb CO2 released by burning 
fossil fuels”.  fossil fuels”.  
Then  WWF compares “footprint” to land area of each countryThen  WWF compares “footprint” to land area of each country
Relies on ingenious conversion of each requirement into landRelies on ingenious conversion of each requirement into land
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Can’t handle pollutant emissions, noise, accidents, etcCan’t handle pollutant emissions, noise, accidents, etc
Possible conversion of all effects to cost Possible conversion of all effects to cost –– not attempted herenot attempted here
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Propose: multiPropose: multi--dimensional tabulationdimensional tabulation ––
standardised to traffic in tonnestandardised to traffic in tonne--kmkm

EffectEffect ShipShip RailRail TruckTruck

Fuel use Fuel use –– tonnetonne--km per litrekm per litre

Greenhouse gas emissions Greenhouse gas emissions –– grammes per tonnegrammes per tonne--kmkm

NOx NOx –– g/tonneg/tonne--kmkm

VOCs VOCs –– g/tonneg/tonne--kmkm

CO CO –– g/tonneg/tonne--kmkm

PM PM –– g/tonneg/tonne--kmkm

Land occupied Land occupied –– hectareshectares

Accidents Accidents –– injuries per tonneinjuries per tonne--kmkm

SpillsSpills
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Noise Noise –– noise depreciation cost per tonnenoise depreciation cost per tonne--kmkm

Congestion Congestion –– delay time or $ per tonnedelay time or $ per tonne--kmkm

AestheticsAesthetics

Introduction of nonIntroduction of non--indigenous species indigenous species 

Quantification issuesQuantification issues
-- Need to standardise to traffic Need to standardise to traffic 

-- compare rates per tonnecompare rates per tonne--kilometrekilometrep pp p
-- recognise tonnerecognise tonne--km doesn’t represent all aspects of km doesn’t represent all aspects of 

service, notably speed & reliability; nor value of serviceservice, notably speed & reliability; nor value of service
-- recognise also that modal averages include different recognise also that modal averages include different 

service trip lengths, commodities, speeds, proportions service trip lengths, commodities, speeds, proportions 
lineline--haul vs collection/delivery haul vs collection/delivery 

Need therefore to compare competitive trafficNeed therefore to compare competitive traffic notnot
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-- Need therefore to compare competitive traffic  Need therefore to compare competitive traffic  -- not not 
averageaverage impacts for each modeimpacts for each mode
-- compare only longcompare only long--distance bulk trafficdistance bulk traffic
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Fuel & traffic data issuesFuel & traffic data issues
Generic problem with national stats both Canada and US Generic problem with national stats both Canada and US 
that fuel sales cannot be related to traffic measuresthat fuel sales cannot be related to traffic measures

–– Fuel sales stats distinguish types of fuel, but not the Fuel sales stats distinguish types of fuel, but not the 
vehicles/vessels/traffic for which they are usedvehicles/vessels/traffic for which they are used

–– Traffic tonneTraffic tonne--km stats km stats –– where available where available –– are for subare for sub--groups groups 
of traffic (e.g. Class I rail, domestic shipping, forof traffic (e.g. Class I rail, domestic shipping, for--hire or hire or 
i ti t t t t ki )t t t ki )
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interinter--state trucking) state trucking) 

–– “Official” NRCan and EPA comparisons of fuel use and “Official” NRCan and EPA comparisons of fuel use and 
GHG per tonneGHG per tonne--km appear incorrect km appear incorrect –– ship worse than trainship worse than train

Erroneous estimates from official Erroneous estimates from official 
data sourcesdata sources

GHG Mt 
CO2e

Billion tonne-
km 

GHG g/tonne-
km

Canada - 2007
Marine 8.3 253 33
Rail 6.6 357 18
Truck 49.6 253 196
US - 2007
Ships and boats 56.3 807 70
Rail 58.0 2,584 22
Truck* 410.8 1,845 223
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,
* 2003 figures, most recent for ton-km.

Canadian estimates of fuel use and tonne-km from Natural Resources 
Canada Energy Use Data 2007; 
US data combine EPA fuel use with DOT-BTS tonne-km
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Emissions data issuesEmissions data issues

Emissions are not measured directly in traffic, but Emissions are not measured directly in traffic, but 
estimated from fuel useestimated from fuel useestimated from fuel use.estimated from fuel use.
Fuel use is usually estimated from assumed distributions of Fuel use is usually estimated from assumed distributions of 
technologies in vehicle/vessels, combined with assumed technologies in vehicle/vessels, combined with assumed 
kilometres travelled and assumed fuel consumptions rates kilometres travelled and assumed fuel consumptions rates 
per km.per km.
Assumptions differ among agencies; and in both US and Assumptions differ among agencies; and in both US and 
C ffi i l GHG i t i t i t t ith CACC ffi i l GHG i t i t i t t ith CAC
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Can, official GHG inventories are not consistent with CAC Can, official GHG inventories are not consistent with CAC 
inventoriesinventories
Rates per tonneRates per tonne--km often use assumed average loadings.km often use assumed average loadings.

Applicability of research from elsewhereApplicability of research from elsewhere

Estimates available from research in other countries Estimates available from research in other countries 
(notably EU):(notably EU):(notably EU):(notably EU):
-- might be applicable for vessels in similar operationsmight be applicable for vessels in similar operations
-- but not for trucks and trains, which differ but not for trucks and trains, which differ 

internationallyinternationally

Engine technology and fuel composition is changing Engine technology and fuel composition is changing 
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rapidly rapidly –– fuel use and emission rates improving in all fuel use and emission rates improving in all 
modesmodes
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Marine emissionsMarine emissions
-- Comparison of international studiesComparison of international studies
-- EPA study (98) includes estimates of tonneEPA study (98) includes estimates of tonne--kmkm

Levelton study (06) for Transport CanadaLevelton study (06) for Transport Canada-- Levelton study (06) for Transport CanadaLevelton study (06) for Transport Canada
-- For Great Lakes/St Lawrence/Canadian eastern watersFor Great Lakes/St Lawrence/Canadian eastern waters
-- Uses Coast Guard data on 29,600 movements in 2006Uses Coast Guard data on 29,600 movements in 2006
-- Distinguishes vessel type, activity type, subDistinguishes vessel type, activity type, sub--regionregion
-- Estimates fuel use for each movement, from engine Estimates fuel use for each movement, from engine 

type and speedtype and speed
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yp pyp p
-- Uses emission factors from international research (UK, Uses emission factors from international research (UK, 

Sweden, US)Sweden, US)
-- No tonneNo tonne--km data km data –– add est. GHG/tonneadd est. GHG/tonne--km from Cdn km from Cdn 

Shipowners Assocn in 2000Shipowners Assocn in 2000

Ship emissions estimatesShip emissions estimates
grams per tonnegrams per tonne--kmkm

Study Study COCO22 COCO HCHC NOxNOx SOxSOx PMPM1010

OECD (91) EUOECD (91) EU 4040 0.0180.018 0.080.08 0.050.05 0.050.05 0.030.03( )( )

Befahy (93) BelgiumBefahy (93) Belgium 0.20.2 0.080.08 0.580.58 0.040.04

SN (97) NethsSN (97) Neths 3333 0.110.11 0.050.05 0.260.26 0.040.04 0.020.02

ECMT (98) EUECMT (98) EU 1212 0.010.01 0.320.32 0.240.24

EPA (98) USEPA (98) US 0.0120.012 0.0060.006 0.1630.163 0.0120.012
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Levelton (06) ELevelton (06) Enn CanCan (10) *(10) *## 0.0090.009 0.0090.009 0.2850.285 0.1450.145 0.0250.025

IMO (07) worldwideIMO (07) worldwide 15.6 15.6 ## 0.0370.037 0.0120.012 0.3660.366 0.2200.220 0.0260.026

* Estimate from Canada’s national GHG strategy assessment 

# CO# CO22ee
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Rail emissions estimatesRail emissions estimates
grams per tonnegrams per tonne--kmkm

Study Study COCO22 COCO HCHC NOxNOx SOxSOx PMPM1010

OECD (91) EUOECD (91) EU 4848 0.150.15 0.070.07 0.40.4 0.180.18 0.070.07

Schoemaker/Bouman  Schoemaker/Bouman  
(91) Neths(91) Neths

102102 0.020.02 0.010.01 1.011.01 0.070.07 0.010.01

RCEP (94) UKRCEP (94) UK 4141 0.050.05 0.060.06 0.20.2

ECMT (98) EUECMT (98) EU 6969 0.070.07 1.221.22 0.080.08
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RAC (07) CanRAC (07) Can 18 18 ## 0.030.03 0.010.01 0.270.27 0.0050.005 0.010.01

# CO2e# CO2e

Truck emissions estimatesTruck emissions estimates
grams per tonnegrams per tonne--kmkm

Study Study COCO22 COCO HCHC NOxNOx SOxSOx PMPM1010

OECD (91) EU*OECD (91) EU* 140140 0 250 25 0 320 32 3 03 0 0 180 18 0 170 17OECD (91) EU*OECD (91) EU* 140140 0.250.25 0.320.32 3.03.0 0.180.18 0.170.17

Schoemaker/Bouman  Schoemaker/Bouman  
(91) Neths*(91) Neths*

127127 0.340.34 0.340.34 2.32.3 0.110.11 0.190.19

ECMT (98) EU*ECMT (98) EU* 100100 0.050.05 1.21.2 0.030.03

Transport Canada Transport Canada 
(00) Can**(00) Can**

103 103 ## 1.521.52 0.140.14 2.62.6 0.050.05 0.110.11

L (07) C dL (07) C d 8888 ## 0 120 12 0 020 02 0 530 53 0 0010 001 0 010 01
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Lawson (07) Canada Lawson (07) Canada 
longlong--haulhaul

88 88 ## 0.120.12 0.020.02 0.530.53 0.0010.001 0.010.01

Lawson (07) Canada Lawson (07) Canada 
88--axle combinationaxle combination

33 33 ## 0.040.04 0.010.01 0.200.20 0.00040.0004 0.0050.005

*large EU trucks/tractor-trailers

** all for-hire trucks



8

Truck emissions estimatesTruck emissions estimates
grams per tonnegrams per tonne--kmkm

2-Axle Gasoline Truck Bulk Freight load 9 2 t

2-Axle Gasoline Truck, General Cargo, load 6.1 t

8 A l S B B lk D T k l d 43 8 t

8-Axle Super B, Van, load 32.3 t

5-Axle Bulk Dry Tanker, load 29.8 t

5-Axle Semi, Van, load 19.0 t

2-Axle Diesel Truck, Bulk Freight, load 9.0 t

2-Axle Diesel Truck, General Cargo, load 6.1 t

2 Axle Gasoline Truck, Bulk Freight, load 9.2 t
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Source: Transport Canada inference from Trimac truck cost data, 1996

0 50 100 150 200

Average in all For-Hire Trucking

8-Axle Super B, Bulk Dry Tanker, load 43.8 t

Comparison of best estimatesComparison of best estimates
fuel use/intensityfuel use/intensity

Freight modeFreight mode TonneTonne--km per km per 
litrelitre

Ship (06)Ship (06) 315315

Rail (07)Rail (07) 169169

Truck Truck –– 88--axle combination (07)axle combination (07) 8181
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TonneTonne--km per litrekm per litre

300

350

100

150

200

250

300
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0

50

Ship Rail Truck

Comparison of best estimatesComparison of best estimates
grams per grams per tonnetonne--kmkm

Freight modeFreight mode COCO22ee COCO HCHC NOxNOx SOxSOx PMPM1010

Ship (06)Ship (06) 1010 0.010.01 0.0090.009 0.290.29 0.150.15 0.030.03

Rail (07)Rail (07) 1818 0.030.03 0.0110.011 0.270.27 0.0050.005 0.010.01

Truck Truck –– 88--axle axle 
combination (07)combination (07)

3333 0.040.04 0.0080.008 0.200.20 0.00040.0004 0.0050.005
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combination (07)combination (07)
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Comparison of best estimatesComparison of best estimates
COCO22e e grams per tonnegrams per tonne--kmkm

35
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30
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0

5

Ship Rail Truck

Comparison of best estimatesComparison of best estimates
CAC emissionsCAC emissions grams per tonnegrams per tonne--kmkm

CO

0 04

0.05

0.00

0.01

0.02

0.03

0.04

Ship Rail Truck
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Comparison of best estimatesComparison of best estimates
CAC emissionsCAC emissions grams per tonnegrams per tonne--kmkm

CO HC

0 04

0.05

0.010

0.012

0.00

0.01

0.02

0.03

0.04

Ship Rail Truck
0.000

0.002

0.004

0.006

0.008

Ship Rail Truck
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Comparison of best estimatesComparison of best estimates
CAC emissionsCAC emissions grams per tonnegrams per tonne--kmkm

CO HC NOx
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Comparison of best estimatesComparison of best estimates
CAC emissionsCAC emissions grams per tonnegrams per tonne--kmkm

CO HC NOx
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Comparison of best estimatesComparison of best estimates
CAC emissionsCAC emissions grams per tonnegrams per tonne--kmkm
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Second IMO GHG Study 2009 comparison by ship type and alternative 
modes
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Second IMO GHG Study 2009 comparison by ship type and alternative 
modes; and Canadian median estimates

Canada GL-SLS ship
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Second IMO GHG Study 2009 comparison by ship type and alternative 
modes; and Canadian median estimates

Canada rail
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Second IMO GHG Study 2009 comparison by ship type and alternative 
modes; and Canadian median estimates

Canada class 7 & 8 truck
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Second IMO GHG Study 2009 comparison by ship type and alternative 
modes; and Canadian median estimates

Canada class 7 & 8 truck

Canada 8-axle combination truck
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Second IMO GHG Study 2009 comparison by ship type and alternative 
modes; and Canadian median estimates

Canada GL-SLS ship

Canada rail

Canada class 7 & 8 truck

Canada 8-axle combination truck
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Comparison of land area occupiedComparison of land area occupied
Freight mode

Land area 
hectares

Is such comparison useful?Is such comparison useful?
–– Intensities and types of use differ: serving Intensities and types of use differ: serving 

different Odifferent O--Ds and types of traffic (e.g. roadsDs and types of traffic (e.g. roads

Ship facilities 10,000
Railtrack 10-15,000
Roads 36,000
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different Odifferent O Ds and types of traffic (e.g. roads Ds and types of traffic (e.g. roads 
used more for passengers than freight, etc)used more for passengers than freight, etc)

–– Land used differs in value by modeLand used differs in value by mode
–– No standardisation by traffic meaningfulNo standardisation by traffic meaningful

AccidentsAccidents

Use systemUse system--wide statistics for US from DOTwide statistics for US from DOTUse systemUse system wide statistics for US from DOTwide statistics for US from DOT
Reporting is routineReporting is routine
Comparison to tonneComparison to tonne--km is not routine km is not routine –– suffers from problems suffers from problems 
of reporting tkmof reporting tkm
How to treat rail/hwy grade crossings?How to treat rail/hwy grade crossings?
Truck occupant casualties don’t represent full responsibility of Truck occupant casualties don’t represent full responsibility of 
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trucks for casualtiestrucks for casualties
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Accidents Accidents -- US estimates 2007US estimates 2007
Freight modeFreight mode Fatality rateFatality rate Injury rateInjury rate Accident rateAccident rate

ShipShip 0.070.07 0.170.17 6*6*

Rail (exc Rail (exc 
crossings)crossings)

0.200.20 3.223.22 11

Rail (inc Rail (inc 
crossings)crossings)

0.330.33 3.623.62 22

J. Lawson – Asia Pacific Gateway and Corridor Initiative – Toronto, June 17/18, 2010 – slide 33

crossings)crossings)

TruckTruck 0.400.40 11.311.3 181*181*

2007 Fatality rate per billion tonne-km

0.300

0.400

0.500

2007 Injury rate per billion tonne-km

8.0

12.0

Accident ratesAccident rates

-

0.100

0.200

Ship Rail (exc.
crossings)

Rail (inc. crossings) Truck
0.0

4.0

Ship Rail (exc.
crossings)

Rail (inc. crossings) Truck

2006/7 Accident rate per billion tonne-km

200
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NonNon--quantified dimensionsquantified dimensions

SpillsSpills
NoiseNoise
CongestionCongestion
Aesthetic degradationAesthetic degradation
Introduction of nonIntroduction of non--indigenous speciesindigenous species
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Summary TableSummary Table
EffectEffect ShipShip RailRail TruckTruck

Fuel use Fuel use –– tonnetonne--km per litrekm per litre 315315 169169 8181

Greenhouse gas emissions Greenhouse gas emissions –– grammes per grammes per 
tonnetonne--kmkm

1010 1818 3333

NOx NOx –– g/tonneg/tonne--kmkm 0.290.29 0.270.27 0.200.20

VOCs VOCs –– g/tonneg/tonne--kmkm 0.0090.009 0.0110.011 0.0080.008

CO CO –– g/tonneg/tonne--kmkm 0.010.01 0.030.03 0.040.04

PM PM –– g/tonneg/tonne--kmkm 0.0250.025 0.0100.010 0.0050.005

Land occupied Land occupied –– hectareshectares 10,00010,000 1010--15,00015,000 36,00036,000

Accidents Accidents –– injuries per tonneinjuries per tonne--kmkm 0.170.17 3.223.22 11.311.3

SpillsSpills LL greater than shipgreater than ship
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pp g pg p

Noise Noise –– noise depreciation cost per tonnenoise depreciation cost per tonne--kmkm LL MM HH

Congestion Congestion –– delay time or $ per tonnedelay time or $ per tonne--kmkm LL MM HH

AestheticsAesthetics LL MM HH

Introduction of nonIntroduction of non--indigenous species indigenous species HH less than shipless than ship


