1
W W T O 8RR N e

David S Lee

Manchester Metropolitan Uni versity

Ddton Research Institute

Manchester
Metropolitan
University




Outline

Emissions from shipping and their impacts
Radiative forcing and other impacts
Conclusions



s1oeduwl
a9y} pue suiddiys
WwoJj suoissiwg




- -."I——\_

Characteristics of shipping

Shipping — the ‘forgotten’ transport mode
CO, emissions > aviation
Long history
Complicated effects on climate
A strongly growing sector
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Emissions by transport mode, 2000

Source: Eyring et al., Part 1, JGR, 2005
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Shipping effects

Warming effects Cooling effects
CO, Sulphate aerosol
O, from NO, CH, reduction from NO,

BC (soot) Cloud enhancement
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Shlpplng NO, emissions

Source: Eyring et al., 2005
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~Is it possible to observe ship
emissions?

Tropospheric NO,
concentration from
SCIAMACHY

(30 km x 60 km,
annual mean 2002)

Richter et al., 2004



Falcon measurements of NO (ppb)
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Measurements
across main
ship corridor

Halenka, Schlager, 2006

Falcon flight route
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How do we measure ‘impact’?

Radiative forcing is an index of the importance of a
factor as a potential climate change mechanism

It is expressed in watts per square metre (W m=)

=/ RF

surface trop

DT
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Time evolution shipping emissions of

Co,
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Comparison of shipping CO, RF estimates
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Radiative forcing for shipping, 2000
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Sources: Leeet al.,, TAC 2007; Capaldo et al., 1999 ; Lauer et al ., 2007



Is an overall negative forcing ‘a
good thing’?
RF by nature is usually defined as a global mean

Shipping forcings operate on different spatial scales
CO, —global
CH, - global
O; —regional to hemispheric
Black carbon —local to regional
Sulphate — local to regional
Cloudiness — local to regional



Regional vs global/hemispheric
forcings
CO, exerts arelatively homogeneous forcing across the
hemispheres
SO, exerts a strong regional (negative) forcing

A global mean forcing (e.g. CO,) does not cancel regional
forcings in terms of climate effect

Mean % low
cloud amount
(1983 — 2004),
| SCCP satellite
data

Source: Lauer et al., 2007



 Shipping ‘off scenario(2000) - RF, K~
~ response



Issues to be considered

Long lifetime and emissions history of CO,

Short lifetime of SO,
Changing regulation on S emissions?
Mask CO, with SO,?
Different spatial scales
L ocal/regional cooling affects climate
Ocean acidification



Difference 1984/94 to 94/05
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Change in deep
convective cloud
amount and

Intensification of storm
tracks Iin the Pacific

Source: Zhanget al., 2007
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What of the future? Emissions
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The future? Radiative forcing from CO,
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Conclusions

The magnitude of shipping emissions of CO, is still under
debate but the larger estimates are looking more likely
(Eyring, 2007, this event)

Complex effects on the atmosphere, giving rise to positive
and negative global mean RFs

|sthe overall potential negative global mean RF ‘a good
thing ? Too simple an analysis, spatial and temporal scales
are important

RF and CO, temperature responses in the future could be
significant and much larger than those from aviation

(RFCO, x2 aviation, 2000; TCO, x4 aviation, 2000)
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