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“C-130 Flight track overlaid on a MODIS 
satellite image.”

“The Peruvian IMARPE R/V Jose Olaya”
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Ronald H Brown underneath the 
stratocumulus during a research 
mission far off the Chilean coast on the 
����������������������������!������
Cameron McNaughton, University of 
Hawaii”

“Students from the Universidad de 
Arturo Prat, launch one of the four-
times daily radiosondes from their 
shoreside campus in Iquique, Chile. 
Photo courtesy Carlye Calvin, UCAR”

“The NSF/NCAR C-130 preparing for a night-time take-off.  Photo: 
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proportional to friction velocity u*, a measure of momentum 
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Above 10 or 12 m/s the winds begin to cause the breaking of 
long waves, covering more of the surface with bubbles and 
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is tangential to the interface is reduced as more and more of 
the wind stress contributes to “form drag,” wind pushing on 
������	����	�������
��	
�	���	���	�
	�����	
������	�������	���	
�������
��	������	����	���
�����	
�	���	�
��������	�������	
are now the primary exchange agent for most gases, as they 
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the tendency of gases to partition into bubbles is a strong 
function of gas solubility, relatively insoluble gases like CO2 will 
experience much greater bubble enhancement than relatively 
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Although we did not encounter high winds during VOCALS, 
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Summary
The VOCALS DMS data set has educated us about many 
steps in the relationship between DMS production and aerosol 
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Dynamics create the chemical and physical environments that 
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The evasion of SW DMS to the atmosphere is controlled both 
by the amount of DMS in the water and by stress, the transport 
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validate a physical description of gas exchange in the mid-
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This natural emission of DMS to the atmosphere dominates the 
sulfur budget in at least the non-coastal portions of the VOCALS 
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Finally, measurements of DMS flux and concentration 
were used to quantify the project-average effective OH 
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region, at least), this will be a valuable check on photochemical 
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The role of dynamics on DMS production, in particular, 
demonstrates an intriguing connection between physical, 
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Ocean’s cover 70% of the Earth surface, yet measurements of 
reactive gases like glyoxal, or iodine oxide have in the past been 
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The open ocean marine atmosphere is among the most poorly 
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short-lived gas that forms climate cooling secondary organic 
�������	5�)+\�	[��
��	�&
��	
����	�#	������#
��	����������
�	
�|���!	���	���	��������	���	����
�����	���	+��������
�	�����	
Molecule Spectroscopy Laboratory (ATMOSpeclab) at the 
University of Colorado Boulder has designed, and assembled a 
prototype Ship Multi Axis Differential Absorption Spectroscopy 
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from ships, and capable of measuring glyoxal, and iodine 
oxide, among other gases sensitively, selectively and directly 
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other cruises aboard NOAA Research Vessels as part of the 
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proof for the presence of glyoxal and iodine oxide in elevated 
concentrations inside the marine boundary layer more than 
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very short lived (atmospheric lifetime of seconds to hours), 
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The release of climate active gases from biologically active 
������
��	 ���
���	 
�	 �	 ���3���	 �
	 ����
��	 ���������	 )���	
���	����	����
���	X��
"�	)����	����	������
��	����	������	
����������
���	 �
	 ��#�&��	 5*4)*4)\	 5Z�����	 ��	 ���!	 :@@E�	
(
������	��	���!	:@@;�	$�������
�	��	���!	:@@^\	���	
��
��	�&
��	
5[)\	5�����������	��	���!	:@@�\�	4������!	������
��	
�
�������	
����
�	���
������	���	��#�&��!	���	�������	�


��	�������	
���	������
��	
����������!	
���!	)�[	���	�*[+�+*4Y�	�������!	
the GEOS-Chem and TM4 global models do not predict any 
��#�&��	����	���	������	5�#�
���
��
���
�	��	��!	:@@��	��	��	���!	
:@@�\�	�
����#!	��	����
���	���	���	����
���	���
�����!	���	����
��	
patterns of glyoxal closely resemble those of chlorophyll-a in 
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either indicate ocean sources of glyoxal, or be the result of 
spectral artifacts caused by light absorption from chlorophyll-a 
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concludes that iodine oxide is not detectable over the tropical 
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Near-surface observations of glyoxal are currently limited to 
air masses where the glyoxal source is from coastal, and/or 
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no unambiguous direct observation of either glyoxal or iodine 
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database creates bias in the way we think about the sources 
of these reactive gases as being mostly from coastal and/or 
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Ship Multi Axis Differential Optical Absorption 
Spectroscopy (SMAX-DOAS)
In order to assess the validity of satellite retrievals of glyoxal 
and iodine oxide over the open ocean, the ATMOSpeclab has 
designed, and assembled an innovative Multi-Axis Differential 
Optical Absorption Spectroscopy (MAX-DOAS) instrument, the 
University of Colorado Ship MAX-DOAS (CU SMAX-DOAS), 
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satellites, MAX-DOAS is a passive remote sensing technique 
(use of solar stray light) based on the well established DOAS 
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absorption structure in the open atmosphere, separating 
trace gas absorption from broadband molecule and aerosol 
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atmosphere from land; however, past ship deployments 
did either not quantify ship movements, or suffered from a 
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CU SMAX-DOAS actively couples a set of two clinometers 
that measure pitch and roll of the ship, and compensates 
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a 19” rack, a laptop PC, two clinometers (all mounted indoors, 
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during VOCALS-REx, and a more detailed description see 
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SMAX-DOAS is particularly well suited to test satellite retrievals 
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view from space, SMAX-DOAS collects scattered sunlight at 
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makes SMAX-DOAS essentially insensitive to light absorption 
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surface albedo environment like the ocean (typically <5%), 
atmospheric absorbers are inherently separated from ocean 
color effects, because the number of photons that enter the 
ocean, are scattered back into the atmosphere, and scattering 
into the SMAX-DOAS telescope is greatly reduced compared to 
the NADIR view from space (most photons that exit the ocean 
escape to space); indeed virtually all photons collected by 
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need to make assumptions about the vertical distribution of a 
trace gas, and cannot retrieve information about the vertical 
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greatly reduced inside the marine boundary layer because of 
(1) the low surface albedo of water, (2) masking of the marine 
boundary layer absorbers from clouds, or (3) photons that are 
scattered back to space at higher altitudes (Rayleigh and Mie 
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primary effect of clouds is that they increase the SMAX-DOAS 
sensitivity inside the cloud volume as the photon path length 
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The photon path length distribution is inherently constrained 
by observing absorption features of oxygen dimers that have a 
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Spectral proof for the presence of glyoxal and iodine 
oxide during three ship cruises
In order to investigate the presence of glyoxal and iodine 
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Figure 1: Ship cruise tracks from the VOCALS-REx, and two TAO cruises. 
Previous glyoxal and iodine oxide measurements exist only over land 
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9, 2008) and headed straight to the buoy line at 95°W servicing 
�	���#	�
��	
���	���	��	@���	����!	���	G$	G��	�����	���
���	
to the 110°W buoy line continuing with buoys located from 8°S 
�������	��7�	.����#!	���	���#�	�������	��7	���	:�7	��	���	
95°W buoy line were serviced before the vessel went straight 
����	��	X�����	*
�#	���	���
���	�����	��	J�����#	>>!	:@@^�	
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to assess the quantitative use of satellites to measure these 
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anthropogenic greenhouse gases, on average, by the middle 
of this century, the world will be warmer and sea level will 
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Earth system unrelated to greenhouse gases, the climate of 
each successive year may not be warmer than the previous 
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likely  that the climate in any given year or even decade 
between now and mid-century could be quite different from 
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best plan on these different timescales? 

To begin to tackle this inherently interdisciplinary challenge, 
we convened a workshop at the Rosenstiel School of Marine 
and Atmospheric Science of the University of Miami on January 
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researchers who were involved in developing climate prediction 
systems, studying decision making processes, developing 
applications of climate information, regional resource 
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This cross disciplinary approach to climate prediction and use 
is becoming increasingly important as the nations of the world 
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decadal climate prediction efforts, (2) assessing user needs of 
decadal timescale climate information and (3) constraints on 
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during presentations and discussions for each of these topics 
(all presentations and a list of participants can be found at 
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Status of decadal climate prediction efforts: 
The decadal prediction problem represents a new ‘frontier’ 
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gas forcing, and have made projections of anthropogenic 
climate change that are generally consistent with the observed 
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world-wide effort to examine whether including information 
about the present state of the climate (oceans, land, 
atmosphere and cryosphere) can introduce some predictability 
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