MAX-DOAS Measurements of Shipping Emissions on Neuwerk
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1. Motivation

Shipping emissions: | Growth of merchant fleet Stationary platforms:
* Pollution components: carbon dioxide (CO,), carbon monoxide (CO), nitrogen
oxides (NO,), sulfur oxides (SO, ), volatile organic compounds (VOCs), black
carbon (BC), polycyclic aromatic hydrocarbons (PAH), particulate matter (PM)
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Operational area: German Bight and Baltic Sea

Neuwerk: ~6 km to navigation Wedel: ~0.5 km to navigation channel of

channel in the mouth of Elbe Elbe river close to Hamburg, the biggest . . .
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A. Passive remote sensing with Differential Optical Absorption Spectroscopy (DOAS) using
different platforms (here only MAX-DOAS results from the ground are presented)

ground- and

MeSMarT — Measurements of Shipping Emissions in the Marine Troposphere — a project coordinated by the 12 ship-based

University of Bremen with support of the Federal Maritime and Hydrographic Agency (Bundesamt fiir Seeschifffahrt A o

und Hydrographie, BSH) and the Helmholtz Zentrum Geesthacht

* Assessment of different measurement systems such as remote sensing, in-situ, and passive sampling
measurements as methods for long-term monitoring of shipping emissions in the North and Baltic Sea
Establishment of remote sensing instruments like MAX-DOAS to support the surveillance of international
emission regulations
Improvement of ship emission data bases by measurements of the actual distribution of trace gases and aerosols Using O, and H,0 as proxys for the effective light path to calculate profile information (VMR) for NO, and SO,
related to ship emission, validation of satellite measurements and model data Detection limits: N02 ~0.1ppb, SOZ ~0.2 ppb for typical viewing conditions, time resolution 1 to 5 min
Description of the influence of ship emissions and its secondary products on the marine environment B. Continuous in situ measurements of SO,, NO,, O;, and CO,: with trace gas monitor in ambient air

Development of a concept for controlling ship emissions C. Complementary data: Meteorolocical data and AIS (Automatic Identification System) ship data

~
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Detection:

UV/vis (300 to 570 nm) measurement of scattered sunlight, Differential Optical Absorption Spectroscopy — DOAS
to get the averaged absorption along all contributing light paths -> Slant Column

Further retrieval:

5. Selected Results and Discussion

MAX-DOAS measurements: Neuwerk, 23.07.2014 — top: VMR — middle: Ships in LOS — bottom: Wind Influence of fuel sulfur content regUIatlons'
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» Enhanced background pollution from the shoreline and the cities of Cuxhaven and Bremerhaven 2 .|| — S0, via O, : : .
2> : : * SO, measurements since then: no ship emission peaks
» In sector from W to N: wind from the open North Sea = all emissions coming from ships 2, visible anymore (see Fig. R5)
» The fraction of shipping emissions on the overall emissions is much higher for SO, than for NO, £ 3 * SO, values below the MAX-DOAS detection limit (~0.2 ppb)
e Figures R3 and R4 show single day measurements: emissions of passing ships are visible as peaks fé , * Wind direction dependence: much less SO, from shipping
: : : . , . = I Fig. R6
» Scanning horizontally: movement of ships and ship plumes can be studied (see Fig. R3) Sl ane (see Fig. R6)
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» Using AIS and wind data = peaks can mostly be allocated to individualships (see Fig. R4)
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