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Observed changes of 
temperature, sea level and 
Northern Hemisphere 
snow cover

IPCC, 2007, SPM

The 12 warmest years of 
the instrumental period 
(until 2006):
1998, 2005, 2003, 2002, 
2004, 2006, 2001, 1997, 
1995, 1999, 1990, 2000
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Temperature changes
for different emission scenarios

IPCC 2007
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How can transport impact climate ?

Changes in radiative forcing can be caused by

 the emission of greenhouse gases, including long-lived 
species like CO2 and N2O, but also of water vapour;
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CO2 equivalent emissions of EU-27 *
Change since 1990

data: unfccc.int
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* all EU countries except Cyprus and Malta
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CO2 equivalent emissions of EU-15
Change since 1990

data: unfccc.int
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CO2 equivalent emissions of EU-15
Change since 1990
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New EU target and consequences for transport:
Reduction by 20 % relative to 1990

new target
- 20 %

Kyoto target
- 8 %

transport fractions (1990 2007 2012 2020):
national transport: 17.4 % 22.8 % 24.7 % 30.9%
aviation bunkers: 1.9 % 4.4 % 5.3 % 7.4 %
marine bunkers: 2.6 % 4.5 % 5.1 % 6.9 %

linear growth of transport emissions after 2007
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included in the 
Kyoto Protocol, 
apart from 
water vapour

short-lived 
effects NOT 
included in the 
Kyoto Protocol, 
but of particular 
importance for 
aviation and 
shipping

How can transport impact climate ?

Changes in radiative forcing can be caused by

 the emission of greenhouse gases, including long-lived 
species like CO2 and N2O, but also of water vapour;

 the emission of ozone precursors, like NOx;

 the emission of particles and their precursors;

 triggering additional clouds (e.g., contrails, contrail cirrus)
and
by modifying natural clouds (e.g., ship tracks).



Objective: To quantify the climate impact of the global and 
European transport systems for the present situation and 
for different scenarios of future development.

Co-ordinator: Robert Sausen, DLR-IPA
Participants: 41 from 19 countries
Duration: March 2005 to February 2010
Funds: 8.4 M€
Total costs 12.8 M€ QUANTIFY-TTC

QUANTIFY
Quantifying the Climate Impact of global and European Transport Systems

http://ip-quantify.eu

European Assessment of Transport Impacts
on Climate Change and Ozone Depletion
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Chain of Impacts

Metrics

simple measures
to quantify impacts

Emission Inventories

temporal evolution, 3D distribution

Regional Dilution and Processing

effective emissions

Large-scale Chemistry Effects

atmospheric composition

Cloud Processes

cloud cover and optical properties

Radiative Forcing

temporal evolution, 2D distribution

Climate Change

new climatic state

Climate Impacts
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QUANTIFY emission inventories, CO2
Road: 1168 Tg C/a

Borken et al. 2006

Shipping: 152 Tg C/a

Behrens et al. 2006

2000
tons/a x grid cell

Aviation: 131 Tg C/a

Owen et al. 2006

More 

• comprehensive (species), 

• accurate (e.g. gridding, 
emission factors), 

• detailed (e.g. by vehical/vessel 
type)
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Q GA Prag 11/2/2009 > Borken et al. > 14

Road transport‘s emission scenarios
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Q GA Prag 11/2/2009 > Borken et al. > 15

CO2 emissions transport – all scenarios 
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Q GA Prag 11/2/2009 > Borken et al. > 16

NOx emissions transport – all scenarios
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Chain of Impacts

Metrics

simple measures
to quantify impacts

Emission Inventories

temporal evolution, 3D distribution

Regional Dilution and Processing

effective emissions

Large-scale Chemistry Effects

atmospheric composition

Cloud Processes

cloud cover and optical properties

Radiative Forcing

temporal evolution, 2D distribution

Climate Change

new climatic state

Climate Impacts
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The QUANTIFY ship measurement campaign in 2007
Objectives:

 To study in detail the dilution processes of plumes and chemical
transformations of pollutants generated by shipping from the local scale to the 
global scale.

 To calculate and propose parameterisations for "effective emission indices" 
linking emission inventories to the emissions to be used as input in large-scale 
models.
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Sulphate 52 vol-%
OM 42 vol-%

Ash + EC   6 vol-%Sulphate

OM

Ash + EC

2

Approach I
1. Conduct aircraft-based in-situ measurements of plume composition at 

various ship exhaust plume ages from 100 s to 1 h.

2. Conduct simultaneous in-stack measurements of fresh exhaust 
composition on board of the same vessel to get initial properties. 

3. Combine test-rig data for exhaust components which are not accessible by 
in-stack measurements to get initial properties.
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Approach II
4. Study plume chemistry and physics in highly frequented shipping corridors to 

quantify the contribution of shipping to the chemical composition of the marine 
boundary layer (MBL). 

5. Determine effective emission indices for key properties as input for regional to 
global-scale models.
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In-stack measurements on board 
the vessel Atlantic Conveyor

Gases:
NOx, CO, CO2, HC, O2, SO2, benzene

Aerosol properties:
Number concentration (CN)
total particle mass (PM)

Test rig studies: Large four-stroke medium speed 
marine diesel engines

Total particle mass, 
Particle chemical composition:
OC/BC, inorganic ionic species,
Particle size distribution.

Results are used as reference data for 
plume measurements.

5

Instrumentation
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Falcon cabin

Trace Gases:
NO/NOy , NO2, CO, CO2, CH2O, 
O3, HNO3, SO2, HC

Aerosol properties:
Number concentration
Particle size distribution
Non-volatile fraction of aerosol modes 
Aerosol absorption and black carbon

Meteorology:
T, p, RH, wind

Forecast products: 
Meteorological forecasts
Chemical forecasts
ENVISAT- SCIAMACHY footprint

6

Falcon Instrumentation
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Atlantic Conveyor Plume Study: Overview
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AIM: Measure the plume of the container vessel “Atlantic Conveyor”
from fresh exhaust to one hour plume age in otherwise clean air.
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Atlantic Conveyor Plume Study: Overview
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Falcon
traverses

MM5-CAMx forecasts (CUNI)

10

Ship Corridor Sampling: Overview



27

23
.0

4.
20

10

Sausen, 2010: Why particular emphasis on climate impacts of transport

48520 48540 48560 48580 48600 48620 48640

379.4

379.6

379.8

380.0
Area=5.685 ± 0.72 (2)
Peak=0.5678 ± 0.11 (2)
Width=10.0

 

 

C
O

2 
/ (
m

ol
 / 

m
ol

)

CO2

NTotal

∆CO2

∆N

2
2

~ COX EI
CO

XEI



12

Effective Index Approach



28

23
.0

4.
20

10

Sausen, 2010: Why particular emphasis on climate impacts of transport

Scientific Questions and Answers
How are emissions from ships transported and transformed within the 
atmospheric boundary layer, in particular upwards into the free troposphere?
No efficient mixing of fresh exhaust into the free troposphere.

Do ship emissions significantly contribute to the atmospheric pollution in the 
marine boundary layer?
YES, > factor 3 for non-volatile particles; 50% for NOx in polluted marine 
boundary layer.

Are the local meteorological conditions (temperature, humidity, wind shear) 
important for the emission transformations?
YES, humidity and photochemical activity affect photooxidation and particle 
coagulation and growth.
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Chain of Impacts

Metrics

simple measures
to quantify impacts

Emission Inventories

temporal evolution, 3D distribution

Regional Dilution and Processing

effective emissions

Large-scale Chemistry Effects

atmospheric composition

Cloud Processes

cloud cover and optical properties

Radiative Forcing

temporal evolution, 2D distribution

Climate Change

new climatic state

Climate Impacts


