Monitoring Shipping Emissions with MAX-DOAS Measurements of Reactive Trace Gases
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1. Motivation 4. Methods

Shipping emissions:
*  Pollution components: carbon dioxide (CO,), carbon monoxide (CO), nitrogen oxides (NO,), sulfur A. Passive remote sensing with Differential Optical Absorption Spectroscopy (DOAS) using different platforms B. Continuous In situ measurements: with trace gas monitor in ambient air
oxides (SO, ), volatile organic compounds (VOCs), black carbon (BC), polycyclic aromatic hydrocarbons here only MAX-DOAS results from the ground are presented MAX.DOAS: Multi-axi . .
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 Impact on marine tropospheric chemistry, ecological and climatic effects (formation of ozone and trace gas of interest Measuring principle  UV-fluorescence  Chemiluminescence UV-absorption Non-dispersive
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aerosols, acidification, albedo) e of NO IR-spectroscopy
e Health risk (pulmonary/cardiovascular) for people living in harbor cities and coastal regions | (EN 14212) (EN 14211) (EN 14625 LI-COR LI820
 Especially dangerous due to combustion products from heavy oil fuels with high sulfur content and strong soot emission : Detection limit 0.25 ppb 0.4 ppb 0.5 ppb 1 ppm
e Capacity of global merchant fleet has doubled since 2000 -> fraction of shipping emissions on global emissions is increasing | Measuring range <10 ppm < 20ppm <200 ppm < 20000 ppm
: ground- and
.. | ship-based Time period <90s <60s <30s 1s
Political Measures: Boundary ! MAX-DOAS
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e Convention of the International Marine Organization (IMO) for Prevention of Marine Pollution from Ships (MARPOL 73/78 Annex VI) i u s
e Limitation of sulfur content in heavy oil fuels in Sulfur Emission Controlled Areas (SECA), starting Jan 2015 only 0.1% sulfur is allowed Detection:
e Establishment of general Emission Controlled Areas (ECA) UV/vis (300 to 570 nm) measurement of scattered sunlight, Differential Optical Absorption Spectroscopy — DOAS to get the Complementary data:
e Regulation of NO, emissions from newly built marine engines : Growth of merchant fleet averaged absorption along all contributing light paths -> Slant Column * In situ observations of SO,, NO,, O, and CO, — see poster Kattner et al. for details
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. °] ol =, I Further retrieval:  Meteorological data (wind speed, direction), precipitation, temperature, humidity, total radiation
] woes . \ o |II ﬁ Using O, and H,O as proxys for the effective light path to calculate profile information (VMR) for NO, and SO, e AIS (Automatic Identification System) data are recorded locally at each site to get detailed information (e.g. position,
5 55 £ _ =" - ||I ' Detection limits NO, ~100 ppt, SO, ~200 ppt for typical viewing conditions, time resolution 1 to 5 min velocity, course, size) on passing ships
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and globally as determined by MARPOL Annex VI (Tier 1), 2011 (Tier Il), and 2016 (Tier IlI) (from http://unctadstat.unctad.org)
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