Integrated Aerosol-Cloud Interaction and Ocean Biology Mission
1. Science objectives

The science objectives of this mission fall into four relevant thematic areas: climate change; carbon cycle and biological activity; weather, precipitation, and the hydrologic cycle; human health and activities. A set of fundamental science questions and societal benefits associated with each of the four scientific themes are provided in Table 1. 
Table 1. Summary of mission scientific and societal objectives

	Theme
	Fundamental science questions
	Benefits to society

	Climate change
	What is the sensitivity of Earth’s climate system to direct and indirect aerosol radiative forcing? What are the causative relationships between aerosols and cloud occurrence, lifetimes, and radiative properties?  How do ocean biological processes influence aerosols and cloud distributions?
	Prediction: Refine prognoses of future surface temperatures, atmospheric stability, sea level changes, and ocean biology aerosol feedback. 
Preparedness: Quantify the possibility of abrupt climate change and its impacts.

	Carbon cycle and biological activity
	What are the impacts of climate change on marine ecosystems and carbon cycling? What key nutrients, in what quantities, do transported aerosols provide to major land and marine ecosystems? What is the fate of organic material formed in the surface ocean or transported from land to the oceans and how are changes in marine carbon pathways altering rates of carbon 

sequestration in the ocean? How are dissolved organics, algal biomass, and particle concentrations changing globally and in our coastal zones and what implications do they have on water quality and fisheries? 
	Ecosystem management: Account for aerosol influences on vegetation health and productivity and determine how changes in the distribution and timing of algal blooms are related to the larval 

recruitment success of our important fish and shellfish stocks.
Water quality: Monitor changes in the extent and frequency of near-shore harmful algal blooms and predict their occurrence in the near-term and over longer time scales.

	Weather, precipitation, and the hydrologic cycle
	How do aerosols affect cloud cover, development, microphysics, and glaciation? How do aerosols affect water vapor profiles and precipitation amount and location, and what is their influence on weather systems, storm development, and storm strength?
	Weather prediction: Account for aerosol influences on atmospheric circulation, tropical and severe storm development, and precipitation patterns.

	Human health and activities
	What are the impacts of anthropogenic and natural processes on trends in aerosol pollution near the surface? What are the epidemiological and environmental impacts of severe episodic events and long-term regional exposures? What are key region-specific local and distant aerosol sources?  What are the human health and activity impacts of water quality and ecosystem changes in coastal marine habitats?
	Air quality: Track pollutants and disease vectors, improve forecasts, facilitate human health monitoring and policy decisions. 

Visibility: Improve aviation safety, preserve scenic vistas. 
Coastal Waters: Improve identification of harmful algal blooms and early warning of coastal eutrophication and anoxia events.


A summary of measurement advances required to meet mission objectives is provided in Table 2.
Table 2. Needed advances relative to current state-of-the-art to meet mission objectives
	Theme
	Needed advances

	Climate change
	Understanding sensitivities of global climate system to aerosol direct radiative forcing and influence on cloud radiation at < 0.25 W m-2 (factor of 4–5 improvement over current state-of-the-art). Obtaining vertical profiles of aerosol microphysical properties and composition, including absorption, with near-coincident measurements of cloud structure, thermodynamics, and microphysical profile. Identifying causative aerosol–cloud correlations from coincidental meteorological variability.  Understanding biological influences on aerosol distributions and cloud cover over remote marine regions.

	Carbon cycle and biological activity
	Improving aerosol material flux estimates. Improving atmospheric corrections for ocean-color-based assessments of ocean biological activity and the planetary carbon cycle. Improving global fields of phytoplankton carbon biomass, growth rates, and particle size distributions and taxonomic composition and determining the abundance of non-chlorophyll phytoplankton pigments that are indicators of biomass growth rates. Developing satellite-based measurements of non-algal carbon pools  such as detritus and dissolved organic carbon that play an important role in global carbon cycling.

	Weather, precipitation, and the hydrologic cycle
	Improving accuracy of cloud hydrometeor size/phase vertical profiles by a factor of 10 and measuring glaciation height. Obtaining profiles of relative humidity, updraft velocity, and precipitation. Improving space and time resolution of models

	Human health and activities
	Integrating spatially and temporally diverse satellite, suborbital, and surface measurements to provide the detail and extensive coverage needed. Incorporating measurements into air pollution models.  Linking environmental forcing factors to degradation of coastal water quality and algal blooms and global ocean resources and integrating this information into prognostic models.


2. Required satellite measurements

The physical and biological processes to be addressed by this mission span a wide range of spatial and temporal scales. Successfully addressing the science objectives requires coordinating satellite, airborne, and surface based programs, and combining observations with models of atmospheric chemistry, biogeochemistry, air and water material transport, cloud and precipitation processes, and weather. The full suite of instrumentation encompasses more than satellites alone. The principal benefits of satellite measurements are continuous global coverage and regional context. The needed measurement advances shown in Table 2 translate into satellite-derived aerosol, cloud, and ocean organic matter measurement targets shown in Tables 3a, 3b, and 3c. Quantities such as aerosol chemistry and high-temporal-resolution (hourly) boundary layer aerosol amount and properties would need to be provided by targeted surface and aircraft observations. Comprehensive open-ocean field measurements are needed to support calibration and validation of key satellite-derived ocean products.

Table 3a. Satellite measurement targets for key aerosol parameters
	Parameter
	Range
	Uncertainty
	Spatial resolution
	Global coverage time

	Column spectral aerosol optical thickness (fine and coarse modes)
	0.0–3.0
	0.02 
	~2 km horizontal

300 m vertical in 1 or more strips parallel to the ground track (20-200 km separation if more than 1 strip)
	2 days 
or less
Repeat cycle 16 days

	Aerosol effective radius (fine and coarse modes)
	0.05–5.0 m
	10%
	“
	“

	Effective variance of aerosol size distribution (fine and coarse modes)
	0.0–2.5
	40%
	“
	“

	Aerosol spectral real refractive index (fine and coarse modes)
	1.3–1.8
	0.02
	“
	“

	Aerosol spectral single scattering albedo (fine and coarse modes)
	0.0–1.0
	0.03


	“
	“

	Aerosol morphology (fine and coarse modes)
	Spherical aerosols, dust particles, soot clusters
	
	“
	“


Table 3b. Satellite measurement targets for key cloud parameters
	Parameter
	Range
	Uncertainty
	Spatial resolution
	Global coverage time

	Cloud microphysics profile 

	0-20 km
	100 m
	1-2 km horizontal,
100-250m vertical,
along the ground track
	Repeat cycle 16 days,
diurnal sampling desirable

	Cloud occurrence
	
	
	
	“

	Liquid/ice water content


	LWC > 0.1 g/m3

IWC > 0.001 g/m3
	30%
	100-250 m vertical, along the ground track
	“

	Cloud spectral optical thickness
	0–300
	Greater of 0.1 or 8%
	~2 km horizontal
≤2 km vertical (layer-resolved)
	2 days or less

	Cloud droplet size and effective variance 
	Liquid 3–50 m

Ice 3 – 500 m
	
15%
20%
	~2 km

 horizontal
≤2 km vertical (layer-resolved)
500 m horizontal,
100 m vertical,

along the ground track 
	2 days or less

Repeat cycle 16 days, diurnal sampling desirable

	Cloud droplet number concentration
	
	30%

	~2 km
 horizontal
 

≤2 km vertical (layer-resolved)
500 m horizontal,
100 m vertical,
along the ground track
	2 days or less

Repeat cycle 16 days, diurnal sampling desirable

	Effective variance of the cloud particle size distribution
	0.0–2.0


	40%


	~2 km horizontal

≤2 km vertical (layer-resolved)
	2 days or less

	Cloud thermodynamic phase
	Liquid, mixed, ice
	
	~2 km horizontal

≤2 km vertical (layer-resolved)
	2 days or less

	Updraft velocity
 in convective clouds
	0.3–50 m/sec
	0.3 m/sec
	250 m horizontal,
100 m vertical,
along the ground track
	Repeat cycle 16 days, diurnal sampling desirable

	Rain rate


	
	5-10%


	500 m horizontal,
along the ground track
	“


Table 3c. Satellite measurement targets for key ocean parameters
	Parameter
	Range
	Uncertainty
	Spatial resolution
	Global coverage time

	Particulate backscatter coefficient 
	0.002 – 0.5 m-1 at 443 nm

0.001 – 0.3 m-1 at 532 nm
	30%
	1 km
	2 days

	Chromophoric dissolved organic carbon absorption coefficient
	0.001 – 3.0 m-1 at 443 nm
	30%
	1 km
	2 days

	Phytoplankton growth rate
	0.0 – 2.0 divisions d-1
	0.2 divisions d-1
	1 km
	2 days

	Phytoplankton pigment absorption coefficient
	0.001 – 1.0 m-1 at 443 nm 
	30%
	1 km
	2 days

	Phytoplankton chlorophyll fluorescence
	0.001 – 1.0 mW cm-2 um-1 sr-1
	30%
	1 km
	2 days

	Particulate organic carbon
	1 – 10,000 mg m-3
	30%
	1 km
	2 days

	Normalized water-leaving radiances
	0-5.0  mW cm-2 um-1 sr-1
	5%
	1 km
	2 days


3. Orbit

To meet the combined needs of the atmospheric and oceanic communities, a sun-synchronous near-noon equator-crossing orbit is assumed. However, diurnal sampling of aerosol and cloud regimes remains desirable. Repeating ground tracks will simplify ground data processing. Given the likely complement of both active and passive sensors, orbit altitudes in the 450 km – 650 km range are preferred.
�I think this needs to include ice crystals as well as droplets


�This is confusing. What’s the difference between a microphysics profile and “droplet size and variance”? Maybe this should be changed to “cloud occurrence”? 


�Might want to think about making this water path rather than content because it is easier to measure and to define


�I think we should be a bit more flexible here not to imply that cloud droplets with effective radii smaller than 5 microns do not occur


�3 micron accuracy in the droplet particle size for 5 micron droplets translates into a 250% error in the particle number concentration, which does not look good. The error would still be 100% for 10 micron droplets


�Radar-related requirements should be supplemented by what can be done with other instruments


�


�Something much worse than 30% would hardly be useful


�Radar-related requirements should be supplemented by what can be done with other instruments


�


�I am not sure that we can measure this usefully from space, but …





1

