Impact of future marine and shipping
aerosol emissions in a warming Arctic




Future ice-free Arctic summer
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Figure from Notz and Stroeve (2018)
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Presentation Notes
-»low-sensitivity observational estimate»: HadISST and GISTEMP
-»high-sensitivity observational estimate»: HadISST+NSIDC and HadCTRUT4
-both use data for 1953-2016; MPI-ESM Grand Ensemble for temperature projection
-ice free Artic summer likely for warming between 1.7 and 2.2 K; due to internal variability the Arctic summer will be ice free 50% of the years for warming less than 2K
-substantial likelihood of ice free Arctic summer by 2050


Changes in natural emissions
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Figure from Dall"Osto et al. (2017)
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Presentation Notes
-% refer to NPF; CCN(0.4%) increase at least by 20% over open water and open pack ice
-aerosol size distributions analyzed at Mt Zeppelin (Svalbard) over 11 years (2000-2010)
-nucleation particles grow to accumulation mode size, bursting particles don’t
-associations between DMS flux, change in sea ice extent and phytoplankton productivity are not fully understood


Changes in anthropogenic emissions
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Figure from Peters et al. (2011)
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Presentation Notes
-emissions from oil and gas production reduced due to emission factor improvements
-increased emissions from transit shipping and shipping related to oil and gas extraction (because they are moved to different locations)
-transit shipping only in summer months; transit shipping is profitable




Questions
How do aerosol and cloud radiative effects change in an ice-free
Arctic?

What is the impact of the sea ice retreat (albedo
change/warmer surface)? (Sutface albedo)

What is the impact of natural
aerosol emission changes?
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ECHAM6-HAM?2 atmospheric experiments

Natural emission changes, two experiments (20 ensemble members each):

(1) 2004 greenhouse gases and sea surface temperatures/sea ice prescribed
(2) 2050 greenhouse gases and sea surface temperatures/sea ice prescribed

- both: 2004 anthropogenic aerosol emissions prescribed

- both: sea salt, dimethyl sulfide (DMS) and dust emissions calculated online

2004 (Sept /Oct.) 2050 (Sept /Oct )
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Presentation Notes
-nucleation, aerosol activation and aerosol (wet) removal are computed online


ECHAM6-HAM?2 atmospheric experiments

Shipping emission changes, two experiments (20 ensemble members each):

(1) without increased Arctic shipping emissions
(2) with increased Arctic shipping emissions (10x Peters et al., 2011)

- both: 2050 sea surface temperatures/sea ice prescribed

- both: 2050 (RCP8.5) anthropogenic aerosol emissions prescribed

2050 (Sept /Oct ) 2050 (Sept /Oct )
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Presentation Notes
-10x emission increase to detect signal
-but BC emission factors from ships may be underestimated (McKuin and Campbell, 2016) and transit shipping may be higher (Corbett et al., 2010)


Increases in marine aerosol
(2004->2050, Sept./Oct.)

30°W 0°

36“E
~50 -1.0 -05 —-0.1 0.1 0.5 1.0 50 -4.0-3.0-2.0-1.0-0.10.1 1.0 2.0 3.0 4.0
A Sea Salt Burden [kg m 2] le—7 A DMS Burden [kg m 2] le—-8

60°N-90°N: +31% 60°N-90°N: +20%



Presenter
Presentation Notes
-sea salt and DMS increase due to larger ocean surface
-increase in 10m wind as a second order effect


Natural direct aerosol radiative effect changes
(2004->2050, Sept./Oct.)
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Presentation Notes
-positive radiative effect because high surface albedo and clouds render aerosol scattering ineffective; warming by BC und dust
-radiative forcing due to BC deposition on snow is small and the change in the future also
-AOD increases where sea ice retreats
-more negative forcing could be also due to albedo change


Shortwave (SW) cloud radiative effect (CRE) changes
(2004->2050, Sept./Oct.)
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SW cloud radiative effect [W m 2] A SW cloud radiative effect [W m™]
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- Change in surface albedo is more important than change in cloud
properties

- SW CRE (Radiative Kernel, RK): increase in cloud optical thickness
(increased cloud condensation nuclei, humidity) and low cloud
cover
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Presentation Notes
-Browse et al. (2014) derived drizzle rates from Arctic observations of cloud altitude and droplet concentrations and scaled them by the low-cloud fraction.
-we calculate cloud microphysical processes explicitly
-is the increase in CCN due to increases in sea salt or DMS? Maybe both. With the old sea salt parameterization the increase in CCN was smaller. Sea salt und sulfate increase is of the same magnitude up to ~600 hPa. Number concentration doesn’t increase much but radius increases. Does the nucleation rate increase in 2050 in the Arctic-> no; updraft increases in some regions
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Longwave (LW) cloud radiative effect changes
(2004->2050, Sept./Oct.)
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. Change in surface temperature is more important than change in
cloud properties
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Summary -
Natural aerosol emission changes

- Direct radiative aerosol effect and BC deposition on snow
unimportant

- Albedo changes more important than changes in cloud properties

- No large potential for aerosol-mediated feedbacks

What is the impact of
additional shipping?
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Increased Arctic ship emissions
(2050, Sept./Oct.)

Institute for AtmoSphe
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Ship emissions BC [kg m—2 s~!] le—13 BC burden [kg m™2] le-7 A BC burden [kg m™2] le-8

60°N-90°N: 0.95:107 kg m?  60°N-90°N: +13%

. Considerable increase in black carbon (BC) (weaker increase of
sulfate/organic carbon) near the surface and higher up
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Presentation Notes
-increase in BC more pronounced than for SO4 or OC
-largest increase near the surface, BC can reach up to 400 hPa
-other studies find changes of similar magnitude (Corbett et al., 2010; Dalsoren et al., 2013) although there are some differences in emission strength and the exact magnitude of the forcings
-AOD underestimated: nitrate, SOA missing/not explicit; large spread in sea salt emission parameterizations
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Natural direct aerosol radiative effect changes
(2050, July/Aug.)
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Aerosol radiative forcing [W m 2] A aerosol radiative forcing [W m 2]
60°N-90°N: 0.011 W m-2 60°N-90°N: -7.1%

- No significant change in small positive aerosol radiative effect
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Presentation Notes
-compensation between increased scattering and absorption; scattering not so important all-sky
-clear sky forcing is clearly negative
-change by additional BC deposition on snow is weaker then direct aerosol forcing


SW cloud radiative forcing
(2050, July/Aug.)
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SW cloud radiative effect [W m™2] A SW cloud radiative effect [W m™2]
60°N-90°N: -69 W m=2 60°N-90°N: -2.9 W m=2

- SW CRE is significantly more negative with additional ship

emissions
15



W
9
@
=
(@)

el
C.-‘.‘
©

."
oy
v
i
Fits
" g
gl
o
- .3

Institute for AtmoSphe

Components of SW cloud radiative forcing

(2050, July/Aug.)
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A SW cloud radiative effect, cloud cover A SW cloud radiative effect, altitude
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60°N-90°N: -0.1 W m-2 60°N-90°N: 0.1 W m-

Optical thickness
IR i

-10 5 -2 -1 -05 05 1 2 5 10
A SW cloud radiative effect, optical thickness
(all clouds) [W m™2]

60°N-90°N: -3.6 W m-2

. Change in cloud optical thickness most pronounced (mostly in low

clouds)
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Presentation Notes
-Possner et al. (2016) found an overestimation of SW CRE by a factor of 2.6 at a coarser resolution (50km, 180s) compared to a finer resolution (1km, 20s)
-Christensen et al. (2014) also found a 20% increase in cloud optical thickness in ship tracks (decrease in effective radius by -20%, -1% decrease in in-cloud LWP); in our study reff decreases by -2% whereas grid-mean LWP increases by 17%; different locations (few ship tracks in Arctic)


Summary and Outlook

No large potential for aerosol-mediated feedbacks in the Arctic
Summer/Fall (Albedo/Planck feedbacks dominate)

Additional Arctic ship emissions could lead to a cooling effect but
only for upper emission estimate

Earth system model simulations to test feedbacks of additional
Arctic ship emissions

Extension to all seasons Gilgen et al., 2018, ACP
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References

. Image of Arctic Ocean:
http://blogs.agu.org/geospace/2015/07/22/warmer-air-less-sea-
iceleads-to-mercury-decline-in-arctic-ocean/

. Image of ship in Arctic Ocean:
https://www.tc.gc.ca/eng/marinesafety/tp-tp13670-menu-2315.htm

. Image of cargo ship:
http://maritime-connector.com/ship/santa-rafaela-9227297/
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