Monitoring shipping emissions in the German Bight using MAX-DOAS measurements
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Why measure shipping emissions? Results

Shipping is generally the most energy efficient transportation mode (per t per km) Measured slant column densities of NO, and SO;:
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—> Shipping accounts for a significant part of the emissions from the transportation sector
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High and sharp peaks: pollution
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e NO, Peaks in azimuthal viewing directions (zoom) show movement direction of ship (east to west)
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NO,: No regulations = no signifi-
cant change in emission

MeSMarT project

“Measurements of Shipping Emissions in the Marine Troposphere” —a project coordinated by the University of dropped from 1.0 % to 0.1 %
Bremen with support of the German Federal Maritime and Hydrographic Agency (Bundesamt fiir Seeschifffahrt (MARPOL 73/78 Annex VI)
und Hydrographie, BSH) and the Helmholtz Zentrum Geesthacht (HZG) — significantly lower SO, emissions,
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MAX-DOAS measurement geometry Since January 2015, the relative contribution

of shipping sources was reduced to 14%, the
e DOAS = Differential Optical Absorption Spectroscopy absolute amount decreased by a factor of 8
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e Measure spectra of back-scattered sunlight from the atmosphere, fit absorption cross sections of multiple ab- Since 2015, the vast majority of SO, emis-
sorbers (e.g. NO,, Os, H,0, O,4) simultaneously to measured optical depth sions can be attributed to land sources, ships

e Retrieved quantity: Slant column density = Concentration of absorber integrated along the light path play only a negligible role

MAX-DOAS instrument setup: Measurement geometry: SO, to NO, ratios in ship plumes

Spect . Zenith Light source:
. pec rometers . .
Light  Telescope — v the sun e Emission factors cannot be measured by

SO, (after 01.01.2015)

MAX-DOAS directly
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fuel) but on average yielded values of about 0.3 for the

years 2013/2014 - good agreement with results from other
studies (Diesch et al., 2013; McLaren et al., 2012)

Mirror +——

Number of peaks

Implementation of stricter sulfur limits in shipping fuel lead
to a large reduction in SO, to NO, ratios - good agreement
with Kattner et al. (2015), who found that 95% of the ships e P A e P AL A s e o
are sticking to the new limits S0,/NO; ratio

Neuwerk is a small island in the German Bight,
close to the mouth of the Elbe river
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Two channel MAX-DOAS (UV, vis)

MAX-DOAS can measure emission peaks from single ships as well as background pollution

The overall contribution of ship emissions to pollution levels at the measurement site is large but land based

sources still dominate, even in the immediate vicinity of shipping lanes
Multiple azimuthal viewing directions to
. . . e Fuel sulfur limit regulations are working: Significant reduction of SO, emissions since January 2015
cover the region and main shipping lane
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