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Introduction

Annual average marine biogenic emissions and surface concentrations

Marine aerosols play significant role in global energy budget; they influence the planetary
radiation balance directly by scattering and absorbing sunlight, and indirectly by modifying
cloud microphysical properties. The concentration of marine aerosol prescribed/diagnosed in
global climate models (GCMs) could strongly affect model-predicted magnitude of indirect
forcing. The lower bounds (10 to 40 cm-3) of background marine aerosols prescribed in GCMs
can vary the simulated aerosol indirect effect by over 80%, from - 1.8 W m-2 to - 0.2 W m-2
(Hoose et al., 2009).
Clean marine aerosol sources can be classified as primary (associated with wind driven
processes) and secondary (associated with gas-to-particle conversion). Bursting of air bubbles
injected below the sea surface by breaking waves presents the dominant production
mechanism of primary marine aerosol (Lewis and Schwartz, 2004). Measurements revealed
that bubble bursting, responsible for the production of sea salt aerosol, also controls sea to air
transfer of marine primary organic matter, POM (O’Dowd et al., 2004; Leck and Bigg, 2005).
Secondary organic aerosols (SOA) of marine origin are largely derived from precursor biogenic
volatile organic compounds emitted by phytoplankton and macroalgae (Shaw, 1983; Charlson
et al., 1987; O’Dowd et al., 2004).
Here we present:
i) A new parameterization for marine organic aerosol emission
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Change in annual average surface layer Cloud Condensation Nuclei
(CCN) concentration (@ 0.2%)
Mass and number emission

ii) Effect of marine organics on cloud condensation nuclei (CCN @ 0.2%)

Organic enrichment of the air-sea interface and surface wind speed
𝑶𝑴𝒔𝒔 𝑪𝒉𝒍 − 𝒂, 𝑼𝟏𝟎

Mass only emission

(cm-3)

𝑶𝑴𝒔𝒔
=
𝟏 + 𝐞𝐱𝐩(−𝟐. 𝟔𝟑 𝑪𝒉𝒍 − 𝒂 + 𝟎. 𝟏𝟖 ∙ 𝑼𝟏𝟎 )

Observed organic enrichment of sea spray
Bubble bursting samples
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Slicks on the surface of the ocean

[Facchini et al., GRL, 2008]
[Source: http://sealevel2.jpl.nasa.gov/jr_oceano
grapher/oceanographer-dgiacomo.html]

𝑶𝑴𝒔𝒔 𝑫𝒑 =

The highest enrichments are expected during calm winds. An increase in wind speed above 3 4 m s-1 will cause a rapid decrease in the enrichment (the Langmuir circulations starts breaking
up the slicks), and its effective removal for wind speeds in exceed 8 m s-1 (when the wave
breaking thoroughly mixes the microlayer with the underlying water).

What is the right proxy for sea spray organic enrichment (OMss)
[Chl-a], [DOC], or [POC]?
DOC concentration [µmol L-1]

Chl-a concentration [mg m-3]
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𝑶𝑴𝒔𝒔 𝒎𝒂𝒙 𝑫𝒑
𝟏 + 𝟎. 𝟎𝟑 ∙ 𝐞𝐱𝐩 𝟔. 𝟖𝟏 ∙ 𝑫𝒑

Combined effect of wind speed, [Chl-a], and aerosol size
OM 𝒔𝒔 𝑪𝒉𝒍 − 𝒂, 𝑼𝟏𝟎 𝑫𝒑

𝟏
𝟎. 𝟎𝟑
𝟏 + 𝒆𝒙𝒑 −𝟐. 𝟔𝟑 𝑪𝒉𝒍 − 𝒂 + 𝟎𝟏𝟖 ∙ 𝑼𝟏𝟎
=
+
𝟏 + 𝒆𝒙𝒑(−𝟐. 𝟔𝟑 𝑪𝒉𝒍 − 𝒂 + 𝟎. 𝟏𝟖 ∙ 𝑼𝟏𝟎 )
𝟏 + 𝟎. 𝟎𝟑 𝒆𝒙𝒑 𝟔. 𝟖𝟏 ∙ 𝑫𝒑
[Gantt et al., ACPD, 2011]

Marine isoprene and monoterpene emission
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[Gantt et al., ACP, 2009]

𝐥𝐧(𝑰)𝟐

Marine isoprene and monotrpene emission rate (E) is calculated using production rate (P), light
intensity (I), water depth where intensity of incoming light is reduced to 25 W/m2 (Dw), grid
surface area (SA), and the diffuse attenuation coefficient values at 490 nm, kd(490).
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Summary
 Marine primary organic aerosol emission function based on conceptual
relationship between wind speed and sea spray organic carbon
fraction (OMss) has been developed
 The global annual submicron marine organic emission associated with sea
spray is estimated to be from 2.1 to 5.3 Tg C yr-1
 The global annual marine isoprene and monotrpene (α- and β- pinene,
myrcene, limonene) estimated to be 1 and ~0.01 Tg C yr-1, respectively.
 Out of three oceanic chemistry parameters such as DOC, POC and Chl-a,
the strongest and the most consistent relationship was found between OCss
and [Chl-a]
 However, the sources, spatial distribution and the budget of marine gasphase and particulate organics are not well constrained
 The relationship between wind speed and size-resolved organic enrichment
of sea spray can be used to calculate marine primary organic aerosol
emissions in regional and global models
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